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Executive Summary of changes since 20igpétkalaemia Guideline

Format of the Guideline
The 2020 Hyperkalaemia guideline has been divided into 3 sections to allow easy navigation:

1 Section I: Management of Hyperkalaemia in the Community
1 Section II: Management of Hyperkalaemia in Hospital
1 Sectionlll: Management of Hyperkalaemia in Resuscitation

New therapies for treating hyperkalaemia
Sodium zirconium cyclosilicate (SZC)

SZC is an oral potassium binder approved by NICE in September 2019 for the following indications:

1 life-threateninghyperkalaemia (kk ¢ ®p YY2t kf 0 | £ 2y 34 A RS-glicdsé y Rl NR
and salbutamol.

1 confirmed serum Kk ¢ ®n Y Y-pdtients with gKDBStmie Bh(not on dialysis) or heart
failure receiving a subptimal dose of RAASI therapy.

Patiromer
Patiromer is an oral potassium binder approved by NICE in February 2020 for the following indications:

1 life-threatening hyperkalaemia{tk c ®p YY2f kf 0 | f 2y 34 A RS-glicdsé Yy Rl NR
and salbutamol.

1 confirmed serumKx ¢ ®n Y Y-pdtients with gKDStrie Bo(not on dialysis) or heart
failure receiving a subptimal dose of RAASI therapy or who are not taking RAASI because of
hyperkalaemia.

NICE has recommended that therapy with either SZC or Patiromer isdstarsecondary care and
discontinued if RAASI therapy is stopped.

New recommendations for therapies in treating hyperkalaemia
Insulin-glucose infusion

The 2014 Hyperkalaemia Guideline recommended the use of 10 units of soluble insulin with 25g dlucose.
recent years, there have been multiple published reports of a high incidence of iatrogenic hypoglycaemia.
This has prompted review of this treatment regimen.

The most consistent risk factor for iatrogenic hypoglycaemia is a lovrgaement blood gleose. Reducing

the dose of insulin alone did not consistently reduce hypoglycaemic episodes. There is more evidence to
support increasing the total glucose load to 50g. The lowest risk of severe hypoglycaemia was associated
with continuous delivery oflgcose.

Renal Association Clinical Practice Guidelgieeatment of Acute Hyperkalaemia in Adujt3uly 2020 5
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Preserving efficacy is essential in treating hyperkalaemia. There is some evidence to suggest that
conventional dose insulin (10 units) has a greateloitering effect than low dose insulin. Analysis of
studies using 10 units insulin also showeand towards greater efficacy with worsening hyperkalaemia.
These observations require confirmation before a reduction in insulin dose can be recommended.

The 2020 Hyperkalaemia Guidelifier moderate or severe hyperkalaemia recommends:

1 Give 10 units sable insulin with 25g glucose

1 Give 10% glucose by infusion @ 50ml/hr for 5 hours (25g) to patients withteeptenent blood
glucose < 7.0 mmol/l to prevent hypoglycaemia.

1 Blood glucose monitoring is required for up to 12 hours after glu@eseain infusion.

Hyperkalaemic Cardiac Arrest

This is the most serious consequence of hyperkalaemia and yet the most effective treatment, dialysis, is
rarely used. The largest study of hyperkalaemic cardiac arrest demonstrated that survival in patients with
extremehyperkalaemia (K > 9.0 mmol/l) treated without dialysis was very poor. Over the past three
decades, successful outcomes with all dialysis modalities have been reported during CPR. ECMO enhances
neurological outcome. This approach will be guided by thigbility of the patient and availability of clinical
expertise and equipment.

The 2020 Hyperkalaemia Guideline suggests that dialysis is considered for refractory hyperkalaemic cardiac
arrest and provides a protocol for the initiation of dialysis duriesuscitation.

Renal Association Clinical Practice Guidelgieeatment of Acute Hyperkalaemia in Adujt3uly 2020 6
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Guideline development

Purpose

This guideline provides an updated version of the original Hyperkalaemia guideline (2014). The main aims
are to provide evidenceased recommendations for the treatment of chronic hyperkalaemia in the
community, acute hyperkalaemia in the hospital setting and to reduce the risk of complications associated
with hyperkalaemia itself and its treatment.

Scope

The original RA Hyperkalaemia Guideline (2014) focussed predominantly the management of hyperkalaemia
in secondary care. The current RA Hyperkalaemia Guideline (2020) provides a comprehensive overview of
the detection and treatment of hyperkalaemia in the community and hospital settings.

Review of Evidence

The literature was reviewed using a multiple databasarch- PubMed (1962020), Ovid MEDLINE (1946

2020), EMBASE (192020), Science Direct (192820), The Cochrane Library (198%0), Web of

Knowledge (200:2020) for all human studies published in English pertaining to the treatment of
hyperkalaemiar adults. Websites searches included National Institute for Health and Care Excellence
(NICE), Scottish Medicines Consortium (SMC), Healthcare Improvement Scotland, Medicines and Healthcare
products Regulatory Agency (MHRA) and European Medicines Agéis), (E

The keywords used for literature search werkyperkalaemia, potassium, treatment,
pseudohyperkalaemia, spurious hyperkalaemia, ECG, point or care, near patient testing, insulin,
hypoglycaemia, salbutamol, calcium, bicarbonate, diet, resonium, maérpsodium zirconium cyclosilicate,
dialysis, arrhythmias, resuscitation, and cardiac arrest.

The writing process followed the Renal Association Guideline development manual. The guideline comprises
of a series of guideline statements accompanied by supporting evidence and audit measures. The
recommendations in each guideline statement have bemmgd using the GRADE system
(www.gradeworkinggroup.ofgn evaluating the strength of each recommendation (1 = strong, 2 = weak)

and quality of evidence (A= high, B = moderate, C= low, D = very low).uideling statement begins with

a recommendation (Grade 1 evidence) or a suggestion (Grade 2 evidence).

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Aduitduly 2020 7
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Introduction

There is no universally accepted definition of hyperkalaemia. This guideline has adopted the European
Resuscitation Council (ERBC)zA RSt AyS RSTAYAGA2Y gAGK || GKNBakKz2fR
mmol/l, established in 2005and maintained to current daté It is further classified by severity into mild

(5.55.9 mmol/l), moderate (6@ ®n  YY2f kf 0 2 NJ .aryg@&admidiska connpn médicalt k f 0
emergency when it presents acutely. The presence of persistent hyperkalaemia in the community is often
regarded as chronic, usually in the context of drugs that exacerbate the condition.

The incidence of hyperkalaemiimhospital patients ranges from 1.1% and 180 he incidence in the
community varies dependent on the case mix of the population studied. Studies in the general population
report an incidence of hyperkalaemia (K+ >5.5 mmol/l) ranging from22 inpatients with an eGFR > 60
ml/min® *°and 2.9- 40% in patients with an eGFR < 30 ml/Hif.

In-hospital mortality is significantly higher in patients with hyperkalaemia (18.1%) compared to those with
hypokalaemia (5.0%) or normokalaemia (3.898)U-shaped association between serum potassium and
mortality has been shown in patients with ischaemic heart disé&€&D™ ** *®and in patients receiving
longterm haemodialysis (HB)Patients with severe hyperkalaemia (K+ > 6.5 mmol/l) are mosslaand in
one report, the hospital mortality was 30.7%s.

The treatment of hyperkalaemia is likely to evolve in the coming years with the availability of novel drugs
and the development of new strategies to improve safety. Clinical decisions on whexat@ird how
aggressively to treat require a patient centred approach guided by the clinical setting and rate of change in
serum K+ level. Patients with moderate levels of hyperkalaemia pose the greatest dilemma, especially when
acuity is low, but warranntervention to avoid deterioration. Severe hyperkalaemia risks arrhythmias and
cardiac arrest, therefore prompt recognition and intervention is required.
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Summary of Clinical Practice Guidelswr Hyperkalaemia

Section I: Community

Guideline 1.1¢ Monitoring of patients at risk of Hyperkalaemia in the community.

Werecommend that patients known to have CKD, heart failure and/or diabetes, who are at risk of
hyperkalaemia, undergo regular blood monitoring at a frequene¥ {ithes per year) dependent on level of
renal function and degree of proteinuria. (1B)

Guidelne 1.2.1¢ Monitoring of patients after an episode of mild hyperkalaemia detected in the
community.

We recommend that the serum K+ is repeated within 3 days, or as soon as feasible, if an episode of mild
hyperkalaemia (K+ 565.9 mmol/l) is detected ungectedly in the community. (1C)

Guideline 1.2.2; Monitoring of patients after an episode of moderate hyperkalaemia detected in the
community.

We recommend that the serum K+ is repeated within 1 day of an episode of moderate hyperkalaemia (K+ 6.0
¢ 6.4 mmol/l) when detected in the community. (1C)

Guideline 1.2.3; Monitoring of patients after an episode of severe hyperkalaemia detected in the
community.

2SS NBO2YYSYyR (KIFG LI GASyla 6AGK aSOSNB KeLISNYIFEFS
admitted for immediate assessment and treatment. (1B)

Guideline 2.1¢ Assessment of patients prior to initiation of AGEr ARB.
We recommend that urea and electrolytes should be assessed prior to initiation df &x@RB and these
drugs should be uskwith caution if the serum K+ is > 5.0 mmol. (1A)

Guideline 2.2¢ Assessment of patients prior to initiation of Mineralocorticoid Receptor Antagonists
(MRA).

We suggest that initiation of MRAs should be avoided in patients with a baseline serugQfanxol/l or
eGFR < 30 ml/min. (1B)

Guideline 2.3 Monitoring of patients after initiation of ACH and ARB.
We recommend that urea and electrolytes should be assessed atveeks after initiation of AGEor ARB
and after every dose titration. (1A)

Guideline 2.4¢ Monitoring of patients after initiation of MRASs.
We recommend that urea and electrolytes should be assessed at 1 week after initiation of MRA or after dose
up-titration, then monthly for the first 3 months,-Bionthly for the first year ath 4-monthly thereafter. (1A)

Guideline 2.5¢ Management of hyperkalaemia in patients treated with RAASI drugs.
We suggest increased frequency of monitoring in patients with a serum K+ betweBr®515mol/l and
consideration of dose reduction of RAABIgs (ACE, ARB, MRA). (1B)

Guideline 2.6 Management of hyperkalaemia in patients treated with RAASI drugs during acute illness.

We recommend that RAASI drugs be withheld during acute intercurrent iliness (e.g. sepsis, hypovolaemia
and/or AKI) at albeverities of hyperkalaemia. (1D)

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 10
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Guideline 2.7¢ Cessation of RAASI drugs in patients with moderate or severe hyperkalaemia.
2SS NBO2YYSYR OSaaliAazy 2F w!!{A RNHzZAE Ay LI GASyYyGa
for treatment with patiomer or sodium zirconium cyclosilicate. (1B)

Guideline 3.1¢ Threshold for treating Hyperkalaemia in the community.
2SS NBO2YYSYyR (KFG AYyUGSNBSyGAzya G2 f266SNJ &aSNHzy L2
mmol/l. (1B)

Guideline 4.1¢ Indication for assessment in hospital for patients with severe hyperkalaemia detected in

the community.

2SS NBO2YYSYR dzNBSy(i K2aLWAGFf FaasSaayvySyid F2NI FEf LI
mmol/l) detected in the community. (1A)

Guideline 4.2; Indication for assessment in hospital for patients with mildoderate hyperkalaemia
detected in the community.

We suggest hospital assessment for acutely unwell patients with mild (serum K%5.8.5nmol/l) or
moderate hyperkalaemia (serum K+ 6®4 mmol/l), particularly in the presence of an acute kidney injury.
(1B)

Guideline 5.1¢ Dietary Intervention for managing Hyperkalaemia in the community.
We recommend that a low potassium diet is instituted for patients with persistent hyperkalaemia with
serum K+ > 5.5 mmol/l. (1B)

Guideline 6.1¢ Sodium bicarbonate for management of Hyperkalaemia in the community
We recommend that sodium bicarbonate is used in CKD patients with a serum bicarbonate level < 22 mmol/l
with or without hyperkalaemia. (1B)

Guideline 7.1¢ Use of diuretics for managing Hyperkalaemia in the community
We suggest that loop diuretics may be a useful adjunct for the treatment of chronic hyperkalaemia in
patients who are nooliguric and volume replete. (2C)

Guideline 8.1¢ Catium resonium for the management of Hyperkalaemia in the community.
We suggest that calcium resonium may be used as a-$&or measure to lower serum potassium to a
f SOSt 2F X p YY2ftkt Ay LI GASyGa sAGK YATR (2 Y2RS

Guideline 9.1¢ Patiromer for the management of Hyperkalaemia in the community

We recommend that Patiromer is an option in the management of persistent hyperkalaemia with a
O2y TANNSR &SNHzY Yphtients withdTKD Sage3o(rot on diglysis) aizbearailure
receiving a swoptimal dose or not receiving RAASI therapy due to hyperkalaemia. (1A)

Guideline 9.2 Patiromer for the management of Hyperkalaemia
We recommend that treatment with Patiromer is discontinued if RAASI therapy is stopped. (1A)

Gudeline 9.3¢ Patiromer for the management of Hyperkalaemia
We recommend that Patiromer is initiated in secondary care only. (1A)

Guideline 10.1¢ Sodium Zirconium Cyclosilicate for the management of Hyperkalaemia

We recommend that Sodium Zirconium @gilicate (SZC) is an option in qatients for the management

2T LISNEAAGSY(d KELISNJLFEFSYAF gAGK I O2y TAMXStRn &S NHz
dialysis) or heart failure receiving a saptimal dose of RAASI therapy. (1A)

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Aduitduly 2020 11
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Guideline 10.2¢ Sodium Zirconium Cyclosilicate for the management of Hyperkalaemia
We recommend that treatment with Sodium Zirconium Cyclosilicate (SZC)}pateits is discontinued if
RAAS:I therapy is stopped. (1A)

Guideline 10.3; Sodium Zirconium @josilicate for the management of Hyperkalaemia
We recommend that Sodium Zirconium Cyclosilicate (SZC) is initiated in secondary care only. (1A)

Guideline 11.1¢ Prevention of Hyperkalaemia in the community: monitoring
We recommend monitoring of ren&inction in patients at risk of hyperkalaemia with known CKD, heart
failure, diabetes and in any patient taking RAASI medication. (1A)

Guideline 11.%; Prevention of Hyperkalaemia in the community: prescribing
We recommend caution in prescribitigmethoprim to patients with renal impairment or those taking RAASI
drugs. (1A)

Guideline 11.3; Prevention of Hyperkalaemia in the community: sick day rules
We recommend that healthcare professionals provide advice to patients regarding the rigkbarfdA
hyperkalaemia during acute illness and measures to avoid these complications. (1B)

Guideline 12.1¢ Treatment Algorithm for Hyperkalaemia in the community
We recommend that the treatment of hyperkalaemia in patients in the community angbati¢nt setting is
guided by its severity and clinical condition of the patient as summarised in the treatment algorithm. (1B)

Section II: Hospital

Guideline 13.1¢ Hyperkalaemia: Clinical Assessment; History and examination
We recommend that all patiengsresenting with hyperkalaemia undergo a comprehensive medical and drug
history and clinical examination to determine the cause of hyperkalaemia. (1B)

Guideline 13.2; Hyperkalaemia: Clinical Assessment; NEWS
We recommend that all patients with known arspected hyperkalaemia undergo urgent clinical assessment
using an early warning scoring system to assess level of acuity. (1C)

Guideline 14.1c Hyperkalaemia: ECG
2S NBO2YYSYyR GKFG Fff K2ALAGIE AAaSR LluigenSiRléadl o A G K |
ECG (electrocardiogram) performed and assessed for changes of hyperkalaemia. (1B)

Guideline 14.2; Hyperkalaemia: Cardiac monitoring

We recommend a minimum of continuou€3S I R 9/ D Y2y AG2NARAyYy 3 F2NI F € LI G
mmol/L, patients with features of hyperkalaemia on-lgad ECG, and in patients with a serum K+6640

mmol/L who are clinically unwell or in whom a rapid rise in serum K+ is anticipated, ideally in a higher
dependency setting. (1C)

Guideline 15.1¢ Hyperkalaenia: Laboratory tests
We recommend that a lithium heparin ardoagulated specimen is the sample type of choice when rapid
turnaround of urea and electrolytes results is required. (1B)

Guideline 15.2; Hyperkalaemia: Blood gas analysis
We recommend that in emergencies, K+ level is measured from an arterial or venous blood sample using a
point-of-care blood gas analyser whilst awaiting the results from a formal laboratory measurement. (1B)
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Guideline 15.3; Hyperkalaemia: Pseudbyperkaleemia

We recommend that urea and electrolytes are measured using paired lithium heparin and clotted serum
samples from a large vein using gentle traction with prompt laboratory analysis if p$gpdokalaemia is
suspected. (1A)

Guideline 16.1c Hyperkalaenia: Summary of treatment strategy
We recommend that the treatment of hyperkalaemia in hospital follow a logist¢p approach. (1B)

Guideline 16.2; Hyperkalaemia: STEP-Protect the heart; intravenous calcium salts
We recommend that intravenous lc&um chloride or calcium gluconate, at an equivalent dose (6.8mmaol), is
given to patients with hyperkalaemia in the presence of ECG evidence of hyperkalaemia. (1C)

Guideline 16.3.X Hyperkalaemia: STEP-Zhift K+ into cells; insuliglucose infusion
We recommend that insuliglucose (10 units soluble insulin in 25g glucose) by intravenous infusion is used
G2 GNBFG aSOSNBE KELISNJFEFSYAF O0Yb % cdp YY2fkfOod

Guideline 16.3.2; Hyperkalaemia: STEP-&hift K+ into cells; insuliglucose infusion
We suggest that insuliglucose (10 units soluble insulin in 25g glucose) by intravenous infusion is used to
treat moderate hyperkalaemia (K+ &®&.4 mmol/l). (2C)

Guideline 16.3.3; Hyperkalaemia: STEP-&hift K+ into cells; avoiding hypoglycaemia

We auggest preemptive initiation of an infusion of 10% glucose at 50ml/ hour for 5 hours (25g) following
insulinglucose treatment in patients with a pteeatment blood glucose < 7.0 mmol/l to avoid
hypoglycaemia (target blood glucos&4nmol/l). (2D)

Guideline 16.4.1¢ Hyperkalaemia: STEP¢ZShift K+ into cells; Salbutamol
We recommend nebulised salbutamol-#0n Y3 A& dza SR | & F R2dz@0Fyid GKSNI LJ
hyperkalaemia. (1B)

Guideline 16.4.%Z, Hyperkalaemia: STEP¢Shift K+ into cellsSalbutamol
We suggest that nebulised salbutamol20 mg may be used as adjuvant therapy for moderate (K-6.8.0
mmol/L) hyperkalaemia. (2C)

Guideline 16.4.3; Hyperkalaemia: STEP¢ZShift K+ into cells; Salbutamol
We recommend that salbutamol is hosed as monotherapy in the treatment of severe hyperkalaemia. (1A)

Guideline 16.5 Hyperkalaemia: STEEShIft K into cells; Sodium bicarbonate
We suggest that intravenous sodium bicarbonate infusion is not used routinely for the acute treatment of
hyperkalaemia. (2C)

Guideline 16.6.X Hyperkalaemia: STEP¢Remove K+ from body; Potassium binders
We recommend that Sodium Zirconium Cyclosilicate is used as an option in the emergency management of
acute lifed KNB I 4§ Sy Ay 3 K& LISNJrhnioll)S¥BA I 6 ASNHzY Yb X ¢ ®p

Guideline 16.6.2; Hyperkalaemia: STEP¢Remove K+ from body; Potassium binders

We suggest that Patiromer is an option for the emergency management of acuteréfgtening
KELISNJL FEFSYAF 0aSNHzyY Yb % c®p YY2tkfod 6m/ 0
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Guideline 16.63 ¢ Hyperkalaemia: STEP¢Remove K+ from body; Catieexchange resin
We suggest that calcium resonium is not used in the emergency management of severe hyperkalaemia, but
may be considered in patients with moderate hyperkalaemia. (2B)

Guideline 17.1.X Hyperkalaemia: STEP-8lood monitoring; serum potassium
We recommend that the serum K+ is monitored closely in all patients with hyperkalaemia to assess efficacy
of treatment and to monitor for rebound hyperkalaemia after the initial response to imemit wanes. (1B)

Guideline 17.1.Z, Hyperkalaemia: STEP-8lood monitoring; serum potassium
We suggest that serum K+ is assessed at least 1, 2, 4, 6 and 24 hours after identification and treatment of
moderate or severe hyperkalaemia. (2C)

Guideline 172 ¢ Hyperkalaemia: STEP-48lood monitoring; blood glucose

We recommend that the blood glucose concentration is monitored at regular intervals (0, 15, 30, 60, 90, 120,
180, 240, 360, 480 and 720 minutes) up to 12 hours after administration of kggudinse infusion in all

patients with hyperkalaemia. (1C)

Guideline 18.1- Hyperkalaemia: Treatment in haemodialysis patients
We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) receive
dialysis treatment urgently(1A)

Guideline 18.2 Hyperkalaemia: Treatment in haemodialysis patients

We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) and toxic
ECG changes be treated with intravenous calcium salt to reduce risk of arihgteuen when dialysis is
immediately available. (1C)

Guideline 18.3 Hyperkalaemia: Treatment in haemodialysis patients
We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) be treated
with standard medicaherapies to lower serum potassium if dialysis is not immediately available. (1B)

Guideline 18.4 Hyperkalaemia: Treatment in haemodialysis patients
We suggest that potassium binders may be considered to reduce the risk of hyperkalaemia duringrthe inte
dialytic period. (1B)

Guideline 19.1- Hyperkalaemia: Specialist Referral

We suggest that patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) be referred to their local renal
or critical care team for an urgent opinion, guided by the clinicahario and its persistence after initial
medical treatment. (2C)

Guideline 19.2 Hyperkalaemia: Referral to critical care services

We recommend that for patients with severe hyperkalaemia, and where there is no provision of renal
services on site, ferral is made to the local critical care team in the first instance, guided by the clinical
scenario and established local policies. (1C)

Guideline 19.3 Hyperkalaemia: Escalation of care
We recommend that patients are referred to the critical care team by a senior member of the referring team
if escalation of care is required from the outset or if the patient fails to respond to initial treatment. (1B)

Guideline 19.4 Hyperkalaemia: Teatment facilities- Critical care
We recommend that patients with severe hyperkalaemia and problems with airway, breathing, circulation
and/or conscious level, be referred to the local critical care team in the first instance. (1C)
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Guideline 19.5; Hyperkalaemia: Treatment facilitieg Ward, Enhanced Care or Critical Care area

We recommend that stable patients with severe hyperkalaemia be admitted to an area with facilities for
continuous cardiac monitoring which are sufficiently staffed to supplimical monitoring and treatment,
including an acute medical unit, renal unit, coronary care unit, enhanced care area, or critical care unit (HDU
or ICU) depending on local facilities or practice. (1C)

Guideline 19.6; Hyperkalaemia: RRT in treatment dyperkalaemia in acutely unwell patients.

We recommend that the decision on timing, suitability and modality for initiation of RRT in patients with life
threatening hyperkalaemia, either from the outset or resistant to initial medical therapy, is takemntly by

a nephrologist or critical care specialist. (1C)

Guideline 20.1- Hyperkalaemia: Transfer to renal services

We suggest that transfer to renal services be considered in clinically stable patients in whom hyperkalaemia
cannot be controlled @. serum K+ < 6.5 mmol/L) using medical measures, particularly in the presence of
advanced or oliguric renal failure (either AKI or CKD). (2C)

Guideline 20.2 Hyperkalaemia: Minimum standards for safe patient transfer
We suggest that any inteor intra-hospital patient transfer is coordinated by senior clinicians and follows
national guidelines. (2B)

Guideline 21.1¢ Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients
We recommend that the neefibr prescribed medication which can cause hyperkalaemia are reviewed in the
context of the current illness and level of renal function both on and during hospital admission. (1B)

Guideline 21.2; Hyperkalaemia: Prevention of hyperkalaemia in hospitalispdtients
We recommend a low potassium diet for hospitalised patients with moderate or severe hyperkalaemia. (1C)

Guideline 21.3; Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients

We recommend that community blood monitoring is arrangeddischarge for all patients who have
required treatment for hyperkalaemia during hospital admission. (1B)

Guideline 21.4¢ Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients

We recommend that the risk of recurrence of hyperkalaemiissidered before reinstating previous
medication that may have contributed to the episode. (1B)

Guideline 22.1¢ Hyperkalaemia; Algorithm in Hospital
We recommend that hyperkalaemia in hospitalised patients is managed using the treatment algorithm whic
provides guidance on the medical therapies and the need for initiation of renal replacement therapy. (1B)

Section Ill: Resuscitation
Guideline 23.1¢ Hyperkalaemia; Cardiac Arresspecial circumstance

We recommend that hyperkalaemia is considere@ll patients who have a cardiac arrest, as part of
identifying and treating a reversible cause using the 4 Hs and 4 Ts approach. (1A)

Guideline 24.1¢ Hyperkalaemia; Cardiac ArrestResuscitation strategy in haemodialysis patients
We recommend that standard ALS practice in cardiac arrest be applied to patients requiring dialysis. (1A)
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Guideline 24.2; Hyperkalaemia; Cardiac ArrestDefibrillation practice in haemodialysis patients
We recommend disconnection from dialysis equagmnprior to defibrillation unless the dialysis machine is
defibrillator-proof. (1C)

Guideline 25.1¢ Cardiac Arrest: TreatmentIntravenous calcium
We recommend that intravenous calcium chloride is administered if hyperkalaemia is known or suspected to
be the cause of cardiac arrest. (1C)

Guideline 25.2.k, Cardiac Arrest: Treatment Insulinglucose
We recommend that 10 units soluble insulinda25g glucose is administered if hyperkalaemia is known or
suspected to be the cause of cardiac arrest. (1B)

Guideline 25.2.2; Cardiac Arrest: Treatment Insulinglucose
We suggest 10% glucose infusion be initiated if the blood glucose is < 7.10 airtize time of cardiac
arrest. (2C)

Guideline 25.3; Hyperkalaemia; Cardiac ArrestSodium bicarbonate
We suggest that sodium bicarbonate is administered if hyperkalaemia is known or suspected to be the cause
of cardiac arrest. (2C)

Guideline 254 ¢ Hyperkalaemia; Cardiac Arrestlnitiation of dialysis during CPR
We suggest that renal replacement therapy with ongoing CPR may be considered for hyperkalaemic cardiac
arrest, if hyperkalaemia is resistant to medical therapy and appropriate stdffaxilities are available. (2C)

Guideline 26.1¢ Hyperkalaemia; Prevention of Cardiac Arrest in Hyperkalaemia
2S NBO2YYSYR (KFG KE@LISNYFEFSYALFr Aa GNBFGSR dzZNBSy i
mmol/l) and in those with ECG changesgesgjive of severe hyperkalaemia. (1C)

Guideline 26.2; Hyperkalaemia; Prevention of Cardiac Arrest in Hyperkalaemia
2SS NBO2YYSYR O2yiliAydzzdza OFNRAFO Y2yAG2NAY3I F2NJ LI
setting appropriate for the lesl of care required. (1C)

Guideline 26.1c Hyperkalaemia; Algorithm in Cardiac Arrest

We recommend that cardiac arrest attributable to hyperkalaemia is managed using the treatment algorithm
which provides guidance on the medical therapies and the rfieeihitiation of renal replacement therapy
during CPR. (1C)
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Tables
Table 1: Risk factors with odds ratio of developing hyperkalaemia in community studies.

Table 2: Prevalence and outcome of hyperkalaemia in patients with eGFR> 60 mionmmunity studies.
Table 3: Prevalence of hyperkalaemia and mortality rate in patients with CKD.

Table 4: Interval for repeat blood monitoring following an episode of hyperkalaemia.

Table 5: Drugs that pose an additive effect on risk of hyperkalaemigtients receiving RAASI and MRAs.
Table 6: Studies of efficacy of Patiromer in the treatment of hyperkalaemia.

Table 7: Studies of the efficacy of SZC in treatment of hyperkalaemia

Table 8: Drugs implicated in development of hyperkalaemia and exatiegtfactors.

Table 9: Factors associated with an increased risk of hyperkalaemia.

Table 10: Mechanism of action of drugs used in treatment of hyperkalaemia.

Table 11: Calcium content of 1V calcium salts used in treatment of hyperkalaemia.

Table 12: loidence and risk factors associated with iatrogenic hypoglycaemia after hghudiose infusion
for treatment of hyperkalaemia.

Table 13: Prospective and Retrospective studies of Inglugose therapy.

Table 14: Efficacy and risk of hypoglycaemia wgthiventional regimenr 10 units Insulin with 259 glucose
(studies without efficacy data excluded

Table 15: Comparison of studies performed using 5 versus 10 units istudiie$ without efficacy data
excludeq.

Table 16: Comparison of studies performed using weigise Insulin regimen.

Table 17: Studies using 50% glucose in treatment of hyperkalaemia.

Table 18: Risk Factors for Hypoglycaemia following treatment with l#Sltose
Table 19: Efficacy ofeulised Salbutamol.

Table 20: Studies investigating efficacy of nebulised salbutamol in hyperkalaemia.

Table 21: Proportion of patients taking SZC 10g three times daily achieving restoration of normokalaemia (K
3.55.0 mmol/l) during acute phase.

Table22: Factors associated with an increased risk of hyperkalaemia in HD patients.
Table 23: Dialysate K+ prescription in chronic HD patients.

Table 24: Minimum standards for safe patient transfer.

Table 25: Drugs commonly associate with hyperkalaemia.

Talle 26: Incidence and outcome of cardiac arrest inmatient dialysis units.
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Table 27: Timing of cardiac arrest during dialysis ifpatient centres.

Table 28: Outcome of cardiac arrest in patients receiving haemodialysis (HD) in an outpatisi¥ fieilty
versus all iFhospital cardiac arrests.

Table 29: Special considerations during resuscitation in haemodialysis patients.
Table 30: Outcome of hyperkalaemic cardiac arrest with RRT during CPR.

Table 31: Summary of procedure foitiation of dialysis during CPR.

Figures
Figure 1: Progressive changes in ECG with increasing severity of hyperkalaemia.

Figure 2: ECG in a patient with severe hyperkalaemia (serum K+ 9.1 mmol/l) illustrating peaked T waves (a),
diminished P waves Jland wide QRS complexes (c).

Figure 3: Arrhythmias in patients with severe hyperkalaemia illustrating bradycardia with wide QRS [K+ 9.6
mmol/L] (a), sine wave with pause [K+ 9.3 mmol/L] (b) and sine wave without pause [K+ 8.4 mmol/L] (c) and
ventriculartachycardia [K+ 9.1 mmol/L] (d).

Figure 4: There are five key steps in the treatment of hyperkalaemia (never walk away without completing all
of these steps).

Figure 5: ECG on admission (a) and following 20ml 10% calcium gluconate IV (b) in a patsntimitk+
9.3 mmol/L who presented with generalised weakness.
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Summary of Audit Measures

The Renal Association encourages-nemnal specialties to record audit measures for all patients diagnosed
with hyperkalaemia irrespective of whether or not they aréereed to renal services. Hospital laboratories
should be capable of providing data to help audit compliance with these guidelines. It is recommended that
the following audit measures be recorded for patients with hyperkalaemia.

1. Frequency of hospital adssion for severe hyperkalaemia (serum K+ > 6.5 mmol/l) detected on
routine blood test in the community.
2. Frequency of blood monitoring of patients receiving RAASI drugs in the community.
3. Proportion of patients admitted to hospital with severe hyperkalaedggected in the community
who subsequently did not warrant emergency treatment on repeat testing.
4. Proportion of patients with moderate hyperkalaemia who have received dietary potassium advice in
the renal outpatient setting.
5. The proportion of oupatients with moderate hyperkalaemia (serum K+ 6804 mmol/l) treated
GAGK LI GANRYSNI 6K2 | OKASOSR | &SNHzYy Yb X podn Y
6. The proportion of oufpatients who achieve maximal dose RAASI therapy whilst taking patiromer.
7. The proportion of oupatients with moderate hyperkalaemia (serum K+ 6804 mmol/l) treated
GAGK { % K2 | OKASOSR | &ASNHzY Yb X pdn YY2fkf
8. The proportion of oupatients who achieve maximal dose RAASI therapy whilst taking SZC.
9. Proportion of patients with severeghLISNJ F f F SYA Ll oO0{ SNHzY Yb ¥ c dp YY;:
K2 KIFIR 0SSy LINRPZGARSR ¢gA0GK W{AO1l 5Ie& wdzZ S&aQ IR
10. Length of hospital stay and-lmospital mortality of patients admitted with hyperkalaemia.
11.t NBELR NI AZ2Y 2F LI GA Sy Gndmoli ivtibkadla 13828 B Yecordedsbeforss @ S f
and after treatment for hyperkalaemia.
12. The frequency of ECG changes in patients treated with intravenous calcium salts.
13.¢ KS LINBLRNIAZ2Y 2F LI GASydGa 6A0K &S@SNBglugesdJS N |
infusion.

14.¢ KS LINRPLRNIAZ2Y 2F LI GASyGa 6AGK I OdziS aSOSNB K
Sodium Zirconium Cyclosilicate.
15.¢ KS LINBLRNIAZ2Y 2F LI GASyGa 6A0GK | OdziS aSOSNB K

Patiromer.

16. The proportion of patients in whom serum K+ was measured at least once within 2 hours of
treatment for severe hyperkalaemia [Audit Standard: 100%].

17. The proportion of patients who have at least one blood glucose test performed within 1 hour of
completion of insulirglucose infusion [Audit Standard: 100%].

18. The frequency of hypoglycaemia occurring in patients receiving treatment with irgduttose for
hyperkalaemia.

19. The incidence of patients requiring emergency dialysis for severe hyperkalaemia.

20. The frequency of hyperkalaemia developing beyond 24 hours of hospital admission.

21. The frequency of prescribed drugs potentially contributing to hyperkalaemia.

22. All cardiac arrests should be auditethospital participation in the National Cardiac Arrest Aisl
encouraged as part of quality improvement and benchmarking.

23. The proportion of patients treated with intravenous calcium for hyperkalaemic cardiac arrest.

24. The proportion of patients treated with sodium bicarbonate for hyperkalaemic cardiac arrest.
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25. The number and outcome of patients with refractory hyperkalaemic cardiac arrest treated with
dialysis initiation during CPR.

Future Research
There are numerous unanswered questions about the treatment of patients with hyperkalaemia. Areas for
future reseach include:

1. The optimal dose of insulin and glucose to treat acute hyperkalaemia required to minimise
iatrogenic hypoglycaemia without compromising efficacy.

2. The efficacy of potassium binders (patiromer and sodium zirconium cyclosilicate) in combination
with insulinglucose infusion in the treatment of severe hyperkalaemia in hospitalised patients.

3. The efficacy of potassium binders (patiromer and sodium zirconium cyclosilicate) in the treatment of
moderate hyperkalaemia without the administration of insttdjlucose in hospitalised patients.

4. The efficacy of sodium bicarbonate in the treatment of severe hyperkalaemia in patients with AKI.

Future Developments

The delivery of a specified dose of glucose is dependent on the available preparations. Hyperkalaemia
medical emergency, therefore ease of administration is key. The only preparation available that provides
the required amount of glucose (259) is the 50% solution.

1. Preparations of 10% (250ml) and 20% (125ml) glucose solutions in volumes apprapribee f
treatment of hyperkalaemia.
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Hyperkalaemia in the Communit§Guidelines 1.1 12.1)

Introduction

Hyperkalaemia is commonly detected in the community andpigent groups most at risk are those with

CKD, diabetes mellitus and heart failure. Hyperkalaemia may also occur in the context of an AKI triggered by
acute iliness, initiation or titration of RAASi medications, or worsening of heart faillyperkalaenia

develops in approximately 10% of goiaitients within one year after initiation of RAASI drugs, thereby

limiting treatment in the patients who receive the greatest benefit from this therapy.

The management of patients with heart failure is challengjivgn the high prevalence of renal impairment

and increased risk of hyperkalaemia. In clinical trials of RAASI monotherapy, the incidence of hyperkalaemia
ranges from & 7%2 The overall incidence of hyperkalaemia was generally higher in clinicalrivialsing
aldosterone antagonistsCombination therapy of RAASi and aldosterone antagonist increases the risk of
hyperkalaemia and hospitalisatidrMortality in patients with heart failure is significantly increased with
worsening severity of hyperkaaia: serum K+ levels between 4.8.0 mmol/l (HR 1.34), 545.5 mmol/l

(HR 1.60) and 567.4 mmol/l (HR 3.3D).

Risk Factor for Odds Ratio Odds Ratio Odds Ratio Odds Ratio
Hyperkalaemia [Turgutalp] [6] [Sarafidis][7] [Nakhoul] [8] [Horne] [9]
Renal Failure 5.55 2.06 1.25 1.04

(eGFR < 15) (per 5ml/min

decrease)

Diabetes 1.53 0.95
Heart Failure 0.95
X H -nhogbidities 2.22
Serum bicarbonate < 1.30
25
ARB 2.68 1.85 14 15.89
ACH 2.24 1.85 1.4 13.63
Spironolactone 2.53 2.10 7.77
NSAIDS 2.68
Beta blocker 2.14 1.06

Table 1: Risk factors with odds ratio of developing hyperkalaemia in community studies.

Several risk factors contribute tmmmunityacquired hyperkalaemia as shown in Table 1. The presence of
multiple comorbidities or other risk factors further increase the risk of hyperkalaémiRAASirugs are

frequently implicated in AKI and hyperkalaemia, but there are conflicting reports in the literdttr€iven

0KS LRGSYGAlrt NRal 2F 'YL waiaolO|l RIF@& NM¥zZ SaQ 3IdzARL)
iliness has been propodéby some groups including NICE, but this remains controverSiaf: **
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Study | Country Setting N= eGFR | Definition Prevalence | Mortality risk
of HyperK HyperK with HK
ml/min mmol/I %

Liamis | Netherlands| General 5179 >60 Xc dn 0.3 "OR 2.08
2013° population

(age > 55)
Chang | USA Health 155,695| >60 >5 10.8 NA
2016° care >5.5 2.3

systemg

HBP

6F3s
Hughes | USA Multi- 9651 >60 Xp Pn 2.8 "HR 1.41
Austin ethnic
2017 general

population

6F3s
Horne UK General 195,178| >60 5.0¢54 91.2 K251
2019 population 5.5¢ 6.0 7.2 K3.83

6F3S >6 1.6 $12.57

Table 2: Prevalence and outcome of Hyperkalaemia in patients with eGFR> 60 ml/min in community
studies.
*OR Odds Ratio'HR Hazard Ratid® All-cause mortality; HBEhypertensive; NA not available

The reported incidence of hyperkalaemia in the general population is variable depending on the specific
patient group, study design, level of renal function and definition of hyperkala®ia'® The prevalence of
hyperkalaemia in patients with an eGFR > 60 ml/min is shown in Table 2. In a large UK primary care study,
the overall incidence rate of a hyperkalaemic event was 2.9 per 100 person’yksiisis study, the use of
RAASI was strongly associated with mgaéaemia with an odds ratio of 13-:@5.9.

Hyperkalaemia is more common in patients with CKD and the incidence increases with declining renal
function. Sarafadis et al found that over 30% of patients experienced hyperkalaemia (K+ > 5.5 mmol/l) in the
pre-dialysis setting (eGFR < 15 ml/minA summary of the prevalence of hyperkalaemia in patients with

CKD is shown in Table 3.
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Study Country Setting N= eGFR | Definition | Prevalence| Mortality by
of HyperK | HyperkK K’ level
ml/min mmol/| %

Korgaonkan USA Renal Clinic| 820 25.4 Xp ®p 7.9 "HR 1.57
20107
Sarafidis | UK Low 238 14.5 5.0¢5.4 22.7 NA
2012 Clearance 5.5¢5.9 23.1 NA

clinic Xc dn 8.4 NA
Nakhoul USA CKD 36,359 47 5.0¢54 11 "OR 1.12
20158 Registry >5.5 3.3 "OR 1.65

(USA)
Turgutalp | Turkey | Elderly 40,092 | 2335 Xp ®p 2.9 AUC values by
2016 population age

(age > 65) p< 0.001
Luo USA Health care | 55,266 <60 5.0c5.4 14.9 *IRR 1.01
2016 system 5.5¢5.9 3.9 *IRR 1.11

0l 3S X XCc dn 1.1 *IRR 3.08
Furuland UK Health care | 191,964| 50.9 5.0¢5.4 45.1 *IRR 1.1
2018° database 5.5¢5.9 15.9 *IRR 1.60

Xc odn 4.9 *IRR 2.88

Table 3: Prevalence of hyperkalaemia and mortality rate in patients with CKD.
NAC not availableHR¢ Hazard Ratio*fOR- Odds Ratio; AU@rea Under Curve; *IRRhcident rate ratio

Hyperkalaemia is associated with increased hospitalisation, prolongation of hospital stay and increased
mortality. Horne et al showed the incidence rates forcallse hospitalisation in atts was 14.1 per 100

person years. Turgutalp et al demonstrated a higher incidence of hospitalisation for hyperkalaemia in the
elderly population: age 634 years (46%), age¥5n & S| NBE o nm: 0  WgrRlityincrgages & S| NA
with worsening seerity of hyperkalaemia in the general population and in patients with £kt

This chapter focuses on the detection, treatment and prevention of hyperkalaemia in the community. It will
address the management of patients receiving RAASI drutjsations for hospital admission and the use of
novel oral potassium lowering drugs.
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Patient monitoring (Guidelines 1:1.2)

Guideline 1.1¢ Monitoring of patients at risk of Hyperkalaemia in the community.

We recommend that patients known to have CKD, heart failure and/or diabetes, who are at risk of
hyperkalaemiaundergo regular blood monitoring at a frequency4@mes per year) dependent on level of
renal function and degree of proteinuria. (1B)

Guideline 1.2.1¢ Monitoring of patients after an episode of mild hyperkalaemia detected in the
community.

We reconmend that the serum K+ is repeated within 3 days, or as soon as feasible, if an episode of mild
hyperkalaemia (K+ 565.9 mmol/l) is detected unexpectedly in the community. (1C)

Guideline 1.2.2; Monitoring of patients after an episode of moderate hyplealaemia detected in the

community.

We recommend that the serum K+ is repeated within 1 day of an episode of moderate hyperkalaemia (K+ 6.0
¢ 6.4 mmol/l) when detected in the community. (1C)

Guideline 1.2.3; Monitoring of patients after an episode ofexere hyperkalaemia detected in the

community.

2S5 NBO2YYSYyR (KIFG LI GASyila 6AGK aSOSNB KeLISNYIFELFS
admitted for immediate assessment and treatment. (1B)

Audit measure
1. Frequency of hospital admission foveee hyperkalaemia (serum K+ > 6.5 mmol/l) detected on
routine blood test in the community.

Rationale (Guideline 1.t 1.2)

Patients with CKD are at risk of hyperkalaemia and progression of their underlying kidney disease, therefore
require regular blood monitoring in the community. The NICE CKD Guideline suggests that the frequency of
monitoring should be tailored to the leVef renal function, rate of decline in renal function and degree of
proteinuria® Patients with CKD-3 require monitoring at least-2 times per year and patients with CKi5 4
require monitoring at least-2 times per year. More frequent monitoringimglicated during acute illness

and following an episode of AKI or hyperkalaemia.

Several observational studies have reported the frequency of blood monitoring in patients with CKD in

relation to detection of hyperkalaemic events. Chang et al showedhiegproportion of patients who had

a serum K+ level performed over a 3 year period was 0 tests/ year (20%), <2 tests/ year {588s)s2year
OMce20 FYR xn’lPallBuarABPia) 6Py SDCw f onYEKYAY |
hyperkalaemiavas found in 30%.
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The more often you test, the more often you will detect hyperkalaemia,
especially in patients at risk.

Patients with CKD 4% have a high risk of hyperkalaemia and warrant
regular testing.

Luo et al reported the frequency bfood monitoring stratified by level of renal function and level of serum

K+2 In patients with an eGFR < 30 ml/min, the mean frequency of tests per year was 1.69 + 1.35 (serum K+
55¢pdp YY2EkfO0 YR mMdoT p nddy alicntSWNHANeGAR 58 miminY Y 2 £ K
the mean frequency of tests per year was 1.34 + 0.92 (serum K#55895mmol/l) and 1.21 + 0.73 (serum K+

¥ ¢ YY2fkfto NBaLSOGA@GSted {AYATIFINI G2 /KIy3a SG |z
testing. Overall, the frequency of monitoring in these studies was generallyirhes per year, with more

frequent testing in patients with an eGFR < 30 ml/min.

The interval between hyperkalaemic episodes was reported in a large retrospective cohort of pattents

CKD' This study utilised data from primary care records for approximately 7% of the UK population over a
mean followup of 4.9 years. Patients experiencing at least one episode of hyperkalaemia was stratified in
three groups: serum K+ 5¢6.4 nmol/l (45.2%),5.5p @ YVY2f kf omMp®d:0 YR x cd
time interval to a recurrent episode of hyperkalaemia progressively shortened in each severity group. The
interval between the first to second episodes in patients with serum K¢ 5.9 mmol/l was 0.84 years and

reduced to 0.59 years between the second and third episode and 0.48 years between the third and fourth
SLIA&a2RS® CKS AYGSNBIf 0SG6SSYy NBOMdNNBYy(d SLIAAaA2RSa
0.41 and 0.30 yeaa respectively).

This collective data would suggest that monitoring serum K+ at least twice per year in patients at risk of
hyperkalaemia is a reasonable approach. The frequency of monitoring should be increased to at least four
times peryearinpatiengs AG K 'y SDCw ¢ on YEkKYAY YR Ay LI GASY
high risk of recurrence.

The interval for blood monitoring after a hyperkalaemic event is less well documented. Horne et al
demonstrated that only 5.8% of patients had a repsatum K+ performed within 14 days of the
hyperkalaemic event, but a large number of patients had a serum K+ < 5.5 mmol/l which may have been
perceived to be nomrgent® A repeat level occurred more commonly in patients with K+ > 6.0 mmol/l
(55.3%) comared with those with a serum K+ 5&.0 mmol/l (23.4%) or serum K+ &,6.5 mmol/l (3.9%).

In patients with a serum K+ > 6.0 mmol/l at the index event, 36.8% had an elevated K+ levedsiimge

WeKAY]l YARYSeaQ KI @S LaNaaudestiRgaRer adiyjer®afadnticepisotiizr Rl y O S
timing is guided by the level of hyperkalaemia and clinical context. In patients with mild hyperkalaemia (K+

5.5¢ 5.9 mmol/l), a repeat test is recommended within 3 days if the result was unexpectedsooass

feasible if the patient is clinically stable. In patients with moderate hyperkalaemia (-6 &.0nmol/l), a

repeat test is recommended within 1 working day if detected on a routine check in a stable patient, but

referral to hospital should beomsidered if clinically unwell or if an AKI is present. Patients with severe
KELISNLFEfFSYALF 6Yb x c®p YY2fkfo 6FNNIyYyd dzNBSyd NB
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treatment if required. The recommended interval for repeat testing after a Hggdaemic episode is
summarised in Table 4.

Severity of Clinically well Unexpected result Clinically unwell or AKI

Hyperkalaemia (no AKI)

Repeat within 14 | Repeat within 3 days | “Consider if hospital referral is

D days indicated

K'5.5¢ 5.9 mmol/l
Assess for cause (drugs, diet) and address in community

Repeat within 1 | Repeat within 24 Refer to hospital

SIGIBIZRIIE working day* hours

K"6.0¢ 6.4 mmol Assess for cause (drugs, diet) and address community or hospital

Referto hospital for immediate assessment and treatment
SEVERE

K % c ®p Y Assess for cause and address during hospital admission

Table 4: Interval for repeat blood monitoring following an episode of hyperkalaemia.
"Need for hospital referral will be guided by clinicmtumstance and risk of further deterioration.

*Routine bloods tests unavailable at weekends and out of hours from community.

(Modified from Think Kidneys Guideﬁfwe

There is increasing use of point of care testing (POCT) in the hospital settingidopatassium

measurement, but achieving rapid blood analysis in the community can be challenging. POCT has been
validated in several studies in the hospital setting within the Emergency Department and Criticat°Care.
POCT has also been shown to imgrearly recognition of hyperkalaemia in patients with CKD presenting to
the Emergency Department. Use of POCT in the phospital setting is less well reportéd™® A study of

the utilisation and validation of POCT devices by community paramedicsndénaied good correlation with
laboratory measurement: Technology is rapidly developing with the use of medical biosensors and Smart
phone technology potentially making POCT easily accessible for pdfients.
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Management of patients receiving RAASI drugs (Guidelines227)

Guideline 2.1¢ Assessment of patients prior to initiation of AG©Sr ARB.
We recommend that urea and electrolytes should be assessed prinititttion of ACH or ARB and these
drugs should be used with caution if the serum K+ is > 5.0 mmol. (1A)

Guideline 2.2¢ Assessment of patients prior to initiation of Mineralocorticoid Receptor Antagonists
(MRA).

We suggest that initiation of MRAs slid be avoided in patients with a baseline serum K+ > 5.0mmol/l or
eGFR < 30 ml/min. (1B)

Guideline 2.3 Monitoring of patients after initiation of ACH and ARB.
We recommend that urea and electrolytes should be assessed ateeks after initiatiorof ACH or ARB
and after every dose titration. (1A)

Guideline 2.4¢ Monitoring of patients after initiation of MRAs
We recommend that urea and electrolytes should be assessed at 1 week after initiation of MRA or after dose
up-titration, then monthlyfor the first 3 months, 3nonthly for the first year and-#nonthly thereafter. (1A)

Guideline 2.5¢ Management of hyperkalaemia in patients treated with RAASI drugs
We suggest increased frequency of monitoring in patients with a serum K+ betwe&r®mmol/l and
consideration of dose reduction of RAASI drugs {AGRB, MRA). (1B)

Guideline 2.6 Management of hyperkalaemia in patients treated with RAASI drugs during acute illness
We recommend that RAASI drugs be withheld during acute intercuilieass (e.g. sepsis, hypovolaemia
and/or AKI) at all severities of hyperkalaemia. (1D)

Guideline 2.7¢ Cessation of RAASI drugs in patients with moderate or severe hyperkalaemia.
2SS NBO2YYSYR OSaaliAiazy 27F w! ! { A viholdzAdc meetyfhe titeilah Sy G &
for treatment with patiromer or sodium zirconium cyclosilicate. (1B)

Audit measure
1. Frequency of blood monitoring of patients receiving RAASI drugs in the community.

Rationale(Guidelines Hyperkalaemia 242.7)

Patients wih CKD, heart failure and diabetes are particularly at risk of hyperkalaemia and these conditions
often coexist. RAASI drugs have become the standard of care to slow progression of CKD and in the
management of patients with diabetes and heart failure.widweer, hyperkalaemia frequently limits use or
titration of RAASI drugs. Epstein et al conducted a large study (> 7 million of electronic patient records) to
determine the impact of hyperkalaemia on the optimal verseaworld treatment with RAASiIn paients

for whom RAASI was recommended by treatment guidelines for cardiorenal disease, >50% were prescribed
lower than recommended dose and-14% discontinued RAASi therdpy.
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Suboptimal treatment for patients with heart failure and renal disease aféects patient outcome.

Mortality rates has been shown to be higher in patients who receivensakimal dosing (8%) and in those

who have discontinued RAASI (11%) compared to thoserateived maximal dosing (49@imilarly,

Ouwerkerk et al demonstrateticreased hospitalisation and increased mortality in patients with heart

failure with reduced ejection fraction (HFrEF) who receive less than half of the recommended doses of ACE
or ARB (HR 1.72) and beta blockers (HR 1.70) compared ¢ntsatiho reackd optimal dose$The balance
between optimising treatment and compromising renal function poses a significant clinical dilemma.
Monitoring of serum K+ in patients receiving RAASI drugs reduces the risk of adverse events. Raebel et al
demonstrated thapatients with diabetes who underwent potassium monitoring during the first year of
treatment with RAASI drugs were less likely to experience hyperkalegsaaciated adverse events
(hospitalisation, Emergency Department attendance or death) with an adjustative risk of 0.50 (0.37,

0.66) comparedd those who were not monitoredThe subset of patients with CKD had an adjusted

relative risk of 0.29 (0.18, 0.46). Park et al conducted an observational study of hospitalised patients newly
started on an RB and demonstrated that the highest incidence of hyperkalaemia occurred on the first day
and 52.4% of hyperkalaemic events occurred withie first week of initiatior.In this study, hyperkalaemia

also occurred earlier in patients with reduced GFR, driffaseline K+ level (patients with K+ >5.5 mmol/I

were excluded) and in patients with diabetes.

The KDIGO Guideline (2012) recommends measuring serum K+ level within 1 week of starting RAASI drugs
and after every dose increment in patients with reducedal function® The NICE Guideline for CKD (2014)
recommends measuring serum K+ level before starting, within 1 to 2 weeks of initiation of RAASI therapy
and after evey dose increment.

Assess urea & electrolytes prior to initiation of RAASI drugs.

Monitor urea & electrolytes at 1 week after initiation and after each dose titration.

The NICE CKD Guideline (2014) also recommends that RAASI drugs should be witBravinK S & S NXzY

6 mmol/l.” However, NICE has recently approved the use of gatasbinders (patiromer and sodium

zirconium cyclosilicate) in selected patients with CKIB 8hot on dialysis) or heart failure who have
O2YFANNSR LISNARAAGSY(d KELISNYFEFSYAlI 6AGK | &SNYzy Y
RAASI.[B]Ow! ! { A aK2dzZ R 0SS GAGKRNI gy Ay Fff LI GASYyGa oA
criteria for these novel potassium binders.

The Renal Association and the British Society for Heart Failure (2019) have recently collaborated to provide
consensuseacommendation for the use of RAASI in patients with heart failure with reduced left vdatric
ejection fraction (HFrEEjMonitoring of renal function is mandatory during initiation and titration of RAASI
treatment. In the context of acute illness (s hypovolaemia and/or AKI), withdrawal of RAASI was

advised at all severities of hyperkalaemia. However, in the context of decompensated heart failure, the
continuation/ reduction of RAASI therapy was permitted in patients with mild or moderate hylperkéa,
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K+ was < 5.5 mmol/l. Patients receiving multiple RAASI drugs and/or MRA shetad @ne drug at a time.
Mineralocorticoid receptor antagonisMRAS) have significantly improved heart failure management, but

their use alone or in combination with RAASI, may exacerbate hyperkalaemia. The European Society of
Cardiology' and American Heart Association (AHA)/ Arcani College of Cardiology (AE@idelines

provide guidance on initiation, monitoring and response to treating hyperkalaemia in patients receiving

MRAs. The parameters for initiation of MRA are a serum K+ < 5.0 mmol/l and an eGFR > 30ml/min. Close
monitoring of urea and electrolyte&J&ES) is required following initiation at 1, 4, 8 and 12 weeks.

Thereafter, monitoring is required every 3 months during first year, then evdrm®nths from second year
onwards. The approach to managing hyperkalaemia in patients with heart failiiRénis shown in the

GSEG 02E 06St260 Ly LI GASyiGa 6AGK2dzd KSIE NI FF AL dzN

Strategies for Managing Hyperkalaemia in patients with Heart failure on MRA

f K'5.55.9 mmol/l: Reduce dose by half and ntoniU&Es

f K> 6.0 mmol/l: Start potassium binder (Patiromer or SZC) and monitor U&Es

Adherence to guideline recommendations appears to be poor. In a large popubetssd study of new

users of RAASI drugs33% of patients had a K+ measurement within 30 days of drug initiation and only 76%
had at least one measurement withthe first year of treatment® In another study, Chang et al reported

that 20% of patients had no serum K+ monitoring within 3 ye#isitation of antihypertensive medicatio

that affect potassium levef§.Combined treatment of RAASi and an aldosterone antagonist increase the risk
of hyperkalaemia, but Sinnott et al reported <33% of patients taking a RAASI had biochemical monitoring
within two weeks of initiatia of an aldosterone antagonist. This highlights the gap in knowledge and

clinical practice.
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Threshold for treatment of hyperklaemia (Guideline 3.1)

Guideline 3.1¢ Threshold for treating Hyperkalaemia in the community.

28 NBO2YYSYR G(KIG AyGSNDSydAzya G2 t268NJ &SNHzy LB
mmol/l. (1B)

Rationale (Guideline 3.1)

The detectdn of hyperkalaemia in the community is frequently the result of blood monitoring in relation to

the prescription of RAASI medication. Outwith this context, most observational studies have based diagnosis
of hyperkalaemia on a single blood test. Psetgperkalaemia may occur in the community after long

transit time to the laboratory, therefore unexpected results should be repeated.

Existing National guidelines recommend initiation of strategies to manage hyperkalaemia wheamuheK+
NA & S& G 2/ %Data foom ségefat studies performed in the general population and in patients with
CKD show an increased mortality risk in patienté A G K | & S NUZY Mortadity risk ipcteasesY Y 2 f « €
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further when the serum K+ exceeds 6 mmol/l, therefareasures should be taken to avoid a further rise in
serum K+ level.

Drugs are frequently implicated in the development of hyperkalaemia in the community. Serum K+ levels
increase by 0.4 0.6 mmol/l during RAASI treatment in patients with diabetic and-diatbetic kidney

disease and approximatelycll.7% ofpatients develop hyperkalaemiaAlthough RAASI and naelective
beta-blockers can increase K+ levels, consider the degree of hyperkalaemia and the indication for use before
reducing or withholdingtte drug.

Stop other medications known to exacerbate hyperkalaemia (e.g. oral potassium supplements, NSAIDs,
trimethoprim). Other strategies for lowering serum K+ in the community include dietary interventions
(Guideline 5.1), treating metabolic acidog&uideline 6.1) and controlling hyperglycaemia-irReduction

of medications that influence K+ levels requires slow titration and close monitoring.
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Indications for hospital assessment (Guidelingd - 4.2)

Guideline 4.1¢ Indication for assessment in hospital for patients with severe hyperkalaemia detected in
the community.

2SS NBO2YYSYR dzNBSy(i K2aLWAGFf FaasSaaySyid F2NIFff LI
mmol/l) detected in thecommunity. (1A)

Guideline 4.2 Indication for assessment in hospital for patients with mildoderate hyperkalaemia
detected in the community.

We suggest hospital assessment for acutely unwell patients with mild (serum K%5.8.5n1mol/l) or
moderate hyerkalaemia (serum K+ 6:6.4 mmol/l), particularly in the presence of an acute kidney injury.
(1B)

Audit Measures
Proportion of patients admitted to hospital with severe hyperkalaemia detected in the community who
subsequently did not warrant emergentrgatment on repeat testing.

Rationale (Guidelines Hyperkalaemia 4;4.2)

There is substantial variability in clinical practice related to referral for hospital assessment for
hyperkalaemia, which may be partly explained by incidental findingknically well patients. The detection
of hyperkalaemia in the community is rising with the increasing use of RAASI drugs for multiple clinical
indications and the necessity for regular biochemical surveillance. Drtigrafibn or co-administration of
another drug that affects K+ level, as shown in Table 5, carigitate severe hyperkalaemtaAcute illness
is another common antecedent to acute kidney injury and hyperkalaemia

Drugs that potentiate risk of hyperkalaemia in patients
receiving RAASind/or MRAS

Trimethoprim/cotrimoxazole
Potassium supplements
Potassium sparing diuretics
Salt substitutes (ksalt)
NSAID

Non-selective beteblockers
Digoxin toxicity

= =4 -8 _-8_-a_-9_-°

Table 5: Drugs that pose an additive effect on risk of hyperkalaemia in pasieateiving RAASI and
MRAs.

The risk of adverse events increases with worsening hyperkalaemia. Severe hyperkalaemia is an
independent predictor of altause and ifhospital mortaity as well as hospitalisationTherefore, defined
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thresholds for triggerig intervention in the community and for prompting referral to hospital could improve
patient outcome.

There is little evidence for a specific threshold for hospital admission for management of hyperkalaemia.
Charytan et al undertook a small study (n=28assess the practice relating to hospitalisatddipatients for
hyperkalaemi&.In this study, 11 patients with hyperkalaemia at hospital admission were compared with 12
hyperkalaemic patients managed as an outpatient. The study lacked power to determine the relative safety
of location of treatment. Horne et al demonstrated the impa€ hyperkalaemia on mortality and healthcare
utilisation, including hospital admission, in the UK general population, but did not provide a distinct
threshold warranting hosal admissiorf. However, this study noted a significantly higher incidence odt
all-cause hospitalisation for patients with a serum K+ > 6.0 mmol/l of 28.93/ 100 pgeswa compared

with patients with a serum K+ 585 mmol/l of 13.86/ 100 persoepears.

¢CKS LIaritGrzy adlaSYSyid F2N W¢ KdsotihtionvahdByitiSieShdely foir O 2
| SENI CFAfdzZNBEZ NBO2YYSYR K2aLIAdGFt RYAaaraz2y Ay |
and in patients with moderate hyperkalaemia (K+6.® mmol/l) who areacutely unwell or have an AKI.
Hospital adnssion should be considered in patients with mild hyperkalaemia (K%.9.Bmol/l) if acutely

unwell or have an AKI.

(.
t

An important consideration in the management of an episode of hyperkalaemia is the balance between the
immediate risk versus the impact oéssation of RAASI drugs in patients for whom these drugs are crucial in
controlling symptoms and improving survival. Minimising the duration of cessation of treatment and clear
communication after hospital discharge is essential. Involvement of sig¢s@ltvices, renal and heart

failure teams, may facilitate safer-ietroduction of treatment.
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Treatment: Dietary interventions (Guideline 5.1)

Guideline 5.1¢ Dietary Intervention for managing Hyperkalaemia the community.

We recommend that a low potassium diet is instituted for patients with persistent hyperkalaemia with a
serum K+ > 5.5 mmol/l. (1B)

Audit measures
1. Proportion of patients with moderate hyperkalaemia who have received dietary potassium auvice
the renal outpatient setting.

Rationale (Guideline 5.1)

Dietary potassium comes from a wide range of foods including fruit and vegetables, meat and meat
products, cereals, drinks, milk and milk products. Fruit and vegetables accounts for approxBBétel
dietary potassium intakéln adults without kidney disease, the WHO recommends an average dietary K+
intake of appoximately 3.9g/ day (100mmaf)in the USA, the Institute of Medicine, Food and Nutrition
Board recommend a higher daily K+ intakd afg/ day (120mmol/l).[3] In patients with kidney disease, the
National Kidney Foundation (NKF) suggests an unrestricted potassium intake in patients with GioD 1
dialysis) unlss the serum K+ is elevatédn advanced CKD and in ESRD, hyperkalaamjaesult if the
dietary input of potassium exceeds the output, therefore prevention of hyperkalaemia requires
management of dietary K+ load.

A low K+ diet is defined as a dietary keaof 23g/day (5277 mmol/day§. In patients with CKD with

persistentK @ LISNJ I £  SYA 6 &SNHzY Yb ipn g d3ghay< 70 mmaoflorll RA S |
mmol/kg/IBW' is recommended. In reality, a stepise reduction in potassium intake is usually undertaken.
Excessive dietary restrictions can result in arpodiet which may risk developent of cardiovascular

diseasé and contribute to malnutrition, particularly in advanced CKD. The development of constipation is

also counterproductive as this will reduce K+ excretion by the gut. Therefore, a balaratedahfresh

fruit, vegetables and fibre is the ultimate goal.

A renal dietitian is skilled to provide individualised advice to patients with St&ag€KD managed by

specialist renal services taking into account other factors including diabetic stattigal needs and patient
preferences. Assessment of biochemical trends would ensure that the need for ongoing dietary restrictions
is reviewed. The Renal Association Guideline on Undernutrition in Chronic Kidney Disease also suggests
assessment by a spilist renal dietitian when patients begin education about RRT and witl@mamth of
dialysis initiatior?

Although dietary intervention has become standard practice, this has not been demonstrated in a
randomised controlled trial and would potentialbg technically difficult to achieve. Three studies reported
on dietary intervenion for managing hyperkalaemig***2

Ahuja et al reported a retrospective analysis of patients attending a renal clinic (n=119) to determine the
predictors for developmenof hypekalaemia in patients on AGE Overall, 46/119 patients (38.6%) of

patients developed hyperkalaemia (mean serum K+ 5.68 mmol/l). Hyperkalaemia resolved in 20/46 patients
(43%) with a low K+ diet alone (<2g/day; 51 mmol/l) and in 11/46 pat{@d&) with dietary advice and
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dose reduction of AGE Hyperkalaemia persisted in the remaining 15/46 patients (33%) despite dietary
advice and reduction of A@mbecessitating discontinuation of ACE

Bushinsky et al studied the difference in serum Kryjperkalaemic patients (K+ 562 mmol/l) with CKD-2

4 on a random diet versus controlled K+ diet during thé@@r runin phase of a treatment trial (n=25).
Patients received stable doses of RAASI medication. The study demonstrated a widtadinigual variation

in serum K+ on a random diet. Variation decreased significantly after 24 hours on a low K+ diet (2.4g or 60
mmol/ day). The study concluded that this observation may have implications for the interpretation of
clinical trials assessing datonal change of serum K+ with a pharmaceutical intervention.

Maclaughlin et al prospectively investigated the prevalence of hyperkalaemia in a population of CKD patients
(n=356) attending low clearance clinics who underwent regular nutritiorssssnent and dietary

education® All patients were pralialysis with an eGFR ranging fromg 30 ml/min. The prevalence of
hyperkalaemia (serum K+ > 5.5 mmol/l) was 26.5% before the dietetic program in 2011 and 10.5% after it
was instituted in 2014. Thagvalence of hyperkalaemia also reduced in patients with K+ > 6.0 mmol/l from
8.4% to 2.5% during the same intervals. A dietary education program delivered by specialist renal dietitians
can be very effective in reducing the prevalence of hyperkalaemia.

In patients receiving renal replacement therapy, the KDOQI guidelines suggest a potassium intake of
approximately 2.73.1 g/day (6979 mmol/day) in haemodialysis patients and@day (77102 mmol/day)
in peritoneal dialysis patientsindividualised adjstments are guided by the serum K+ level.
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Treatment: Sodium bicarbonate (Guideline 6.1)

Guideline 6.1¢ Sodium bicarbonate for management of Hyperkalaemia in the community

We recommend that sodium bicarbonate is used in CKD patients with a serum bicarbaehte 22 mmol/I
with or without hyperkalaemia. (1B)

Rationale (Guideline 6.1)

Epidemiological studies show a prevalence of metabolic acidosisT8%5n patients wth CKD stages3*
The prevalence increases with severity of kidney disease with metabolic acidosis fouraivh dpatients
with eGFR < 30 ml/mif® Furthermore, serum bicarbonate levels stegdiecrease with age > 60 yedrs.
Despite its prevalence, there is varidtgiin clinical practice for treatment of mild acidosis in patients with
CKD attending renal services and it is not routinely assessed or treated in primary care.

The benefit of treating chronic acidosis goes beyond the management of hyperkalaemia. Ntetamnsis
is also associated with muscle wasting, bone disease and increas¢ality in patients with CKP.
Additionally, there is growing evidence that metabolic acidosis cartgibto the progression of CKD’
Goraya et al demonstrated that ancrease in serum bicarbonate by 8.8 mmol/l was associated with a
reduction in decline in eGFR by 4 ml/min over 6 to 24 mootispared with control patients.

The mechanism for potassium lowering is the transcellular shift of K+ into cells folldkatfigisation of the
serum. Despite this theoretical benefit, few studies have shown any benefit of sodium bicarbonate in the
treatment of acute or chronic hyperkalaemia. In two leegn studies (i.e. > 2 months), alkali therapy has
been shown to be assgiated with a significant net decrease in the serum K+ by approximately 0.7 mmol/I,
but no significant change was showrgirK 2 NIi G SN &a%dzRAS&a o6XX 1t RI&&auvo®

The BICARB Trial evaluated the benefits and adverse effects of sodium bicarbonate in oldes péttent

CKD for a period of up to 2 years. This was a debibtd placebecontrolled RCT which includes 380

communityd F SR LI GASyGa Ay GKS 'Y 3SR x cn &@SIENB 6AQl
mmol/l.° In contrast to other longterm studs, this study found no significant reduction in serum K+ level.

The BiCARSB trial also reported no improvement in physical function or renal function and a higher rate of
adverse events compared with placebo.

In the predialysis setting, Sarafidis et@drformed a prospective study to examine the factors influencing K+
metabolism in patients attending a low clearance cl{ni@an eGFR 14.5 + 4.8 mmolfl)This study
RSY2Yy&aGNF SR (KIFG LIGASYGa 6A0K Yb xFRmdbdower3etuhk f K
bicarbonate levels. This sigjpoup also had a higher usage of sodium bicarbonate than in patients without
hyperkalaemig65.3% versus 45.4%, p=0.068).

The potential detrimental effect of sodium load with sodium bicarbonate replacémnsesm important
consideration, particularly in patients at risk of fluid overload. Dubey et al showed that patients with CKD 3
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and 4 with ceexisting diabetes, hypertension and coronary artery disease had a trend towards worsening
hypertension and oedea necessitahg a greater use of diuretidsSimilar findings have been reported in
other studies with alkali replacement in CKD patients necessitating discontinuation of sodium bicarbonate

due to hypertension and oedema although these studies did natfon management of hyperkalaemfa.
11,12

A metaanalysis of all published RCTs investigating the effect of oral bicarbonate therapy in adults with CKD
showed a slightly higher eGFR and serum bicarbonate levels in patients treated with oral replacement
compared with placebo and this positive effect was attenuated in stugipsrting outcomes at one yedf.

This study did not assess potassium levels.

There remains a paucity of evidence from clinical trials on the efficacy and safety of bicarbonapg thera

therefore many existing guidelines are based on the sparse evidence and expert consensus opinion. KDOQI
JdzA RSt AySa NBO2YYSYR GKS YIAYyGaSylyO0S 2F aSNHzy 6A O
complications* The 2007 Cochrane Review of alkadirapy in CKD found sufficient evidence of benefif.

The NICE CKD Guideline 2014 suggests that oral sodium bicarbonate should be considered in patients with
CKD 4 or 5 with a serum bicarbonate <2@0l/1.** ¢ KS bl GA2y It YARYSé&sIe2dzy Rl (A
al yIF3Ay3a [ @LISNJFElFSYAlL Ay [ Y5 Qna isxEG i fyperkdlageBid. dza S 2
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Treatment: Diuretics (Guideline 7.1)

Guideline 7.1¢ Use of diuretics for managing Hyperkalaemia in the community
We suggest that loop diuretics may be a useful adjunct for the treatment of chronic hyperkalaemia in
patients who arenon-oliguric and volume replete. (2C)

Rationale (Guideline 7.1)

In patients with preserved renal function, the kidneys are the primary route of potassium elimination. Loop
and thiazide diuretics enhance K+ excretion by increasing flow and delivergiofsto the collecting ducts

and may be useful in treating mild to moderate hyperkalaemia in patients with adequate renal fuhétion.
Loop diuretics (e.g. furosemide, bumetanide) are the most effective class that promote urinary K+ excretion
and remain &ective in patientavith moderate renal impairment® On the other hand, thiazide diuretics

are effective in patients with an eGFR > 30ml/mbiuretics should be avoided in patients who are
hypovolaemic or oliguric.

Patients with heart failure arsusceptible to both hyperkalaemia and volume overload. RAASI therapy is
frequently used in this setting and loop diuretics are a useful adjunct in controlling chronic hyperlalae
whilst treating congestioft> Decompensated heart failure in the preserafemild-moderate hyperkalaemia
often necessitates a reduction or cessation of cardioprotective medication which may worsen heart failure.
The joint guideline from the Renal Association and British Society of Heart Failure (2019) recommends
considerationof combination therapy with a loop and thiazide diuretic in patients with decompensated
heart failure (HFrEFnd mildmoderate hyperkalaemiaThis combination potentiates diuresis and should
theoretically enhance K+ excretion.

Diuretic therapy has al@ce in the management of chronic hyperkalaemia in patients who are
normovolaemic or hypervolaemic. There is little evidence to suppuse in acute hyperkalaemiaA
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multi-modal approach including diuretics, treatment of metabolic acidosis andrglietatassium restriction
may allow the continuation of cardioprotective medications in patients with mild hyperkalaemia.
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Treatment: Calcium resonium (Guideline 8.1)

Guideline 8.1¢ Calcium resonium for the management of Hyperkalaemia in the community

We suggest that calcium resonium may be used as a-$bort measure to lower serum potassium to a
f SOSt 2F X p YY2ftkt Ay LI GASyGa sAGK YATR (2 Y2RS

Rationale (Guideline 8.1)

Calcium polystyrene sulphonate (CPS, Calcasonium) and sodium polystyrene sulphonate (SPS,

Kayexalate) are cation exchange resins that work in the lower Gl tract to enhance the elimination of K+ in the
faeces. Each gram of resin has a theoretical in vitro exchange capacity of approximatetynindol of K+,

but in vivo, it wil be less. Resins cause constipation, therefore laxatives are given to accelerate resin transit
and to hcrease K+ excretion in stodlsactulose is an osmotic laxative and is commonly used in the UK.
Macrogol 3350 (Lado®, Movicol®) should be avoided as it contains potassium (46.6mg or 5.4mmol/l per
sachet).

CPS is approved for use in Europe and SPS approved for use in the USA. SPS was approved by the Food and
Drug Administration (FDA) in 1958 on the basis of twalsancontrolled case seriesmdertaken in the

M b p hhia approval preceded the Kefawtéarris Drug Amendment (1962) and the European Union

EC/65/65 directive (1965) requiring drug manufacturers to prove the effentiss and safety of their drdg.

Fdlowing multiple reports of colonic necrosis and other serious gastrointestinal adverse events (perforation,
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bleeding), the FDA applied safety recommendations in 2009. The FDA also advised against the concomitant
administration of sorbitol, but serious owplications have also been repet without the use of sorbital.

There are 3 RCTs including SPS as an intervention-K&pugl (1998) reported a placeloontrolled

randomised study of SPS in normokalaemic patients with ESRD on HD (n=6) and failedaoysho

significant redetion in serum K$.The size, design and insufficient baseline data renders this study weak.
Nasir et al (2014) performed a RCT to compare the efficacy and safety of CPS and SPS ien@K[Dy84)

with hyperkalaemid. Althoughboth drugs lowered serum K+, the study lacked adequate statistical analysis
to substantiate the claim of equal efficacy and there was no control arm (i.e. placebo group). Of note, fewer
side effects were reported with CPS than SPS. Lepage et al (20d6ytenl a single centre doublaind

RCT (n=33) in outpatients with CKD and mild hyperkalaemia (¥t95mol/l) comparing efficacy of SPS

30g daily to placebo for 7 daysThis study reported an absolute reduction of serum K+ level of 1.25 mmol/l
(p<0001), but the proportion of patients who achieved normokalaemia did not reach statistical significance
(p=0.07). This trial lacked intermediate efficacy time points. None of these studies met the inclusion criteria
for the Cochrane Review (201%).

Theevidence for use of SPS is otherwise sparse. Chernin et al (2012) conducted a retrospective study (n=14)
to assess the efficacy of SPS in CKD patients receiving RAASiI medication, and observed a reduction in serum
K+ from 6.4 £ 0.3 mmol/l to 4.6 + 0.6 mmd@lp< 0.01) over a median follow up of 14.5 months. The size,

lack of a control group and other confounding factors rendered this study difficult to interpret. Fordjour et al
(2014) conducted a prospective chart review of treatment of hyperkalaemiaspitadised patients and

found that SPS was included in 95% of treatment regimens with K+ reduction ranging frothDrvimol/l.
Effectiveness was deemed to be similar among patients with CKD and those receiving dialysis. Combination
regimens yielded thgreatest K+ reduction. Batterink et al (2015) conducted a retrospective study (n=138)

and reported that SPS reduces serum K+ by 0.14 mmol/l more than control, but concluded that this level of
treatment effect may not be clinically importari.

The evidene for use of CPS is equally sparse. Chaaban et al (2013) conducted a retrospective study (n=70) to

assess the effectiveness of calcium resonium in contgphiyperkalaemia in HD patientsThis study

showed poor efficacy attributed to lack of adherencethe drug and dietary restrictions as well as poor

tolerability. Yu et al (2017) reported a retrospective analysis of 247 CKD patients ingatient setting

treated with low dose CPS (8.0 + 3.6 g/day) over a variable duration from > 3 months twldeyear"’
aStAyS SDCw 6Fa on 5 Mp YEKYAY YR &SNHzY Yb 41l &

5.8 £ 0.3 mmol/l to 4.9 = 0.7 mmol/l (p<0.001) with CPS treatment without any serious adverse effects over

a long period.

CPS and SPS bkaween used widely for decades for the remergency treatment of hyperkalaemia despite

the lack of robust randomised clinical trials to document efficacy or safety. Tolerability and the risk of severe
gastrointestinal adverse efés limit their longternuse. The availability of novel potassium binders

(patiromer and sodium zirconium cyclosilicate) with a stronger evidence base for efficacy and more
favourable sidesffect profiles may replace CPS and SPS in clinical practice in the future. Howeeseat, pr

UK guidance from NICE restricts their use to specific circumstances and the Scottish Medicines Consortium
(SMC) have not approved either drug. Therefore thessrditives to calcium resonium ar®t currently

available to many patients.
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Treatment: Patiromer (Guidelines 94.3)

Guideline 9.1¢ Patiromer for the management of Hyperkalaemia in the community

We recommend that Patiromer is aption in the management of persistent hyperkalaemia with a
O2Y FANNXSR &aSNMzY Yphtients withdCKD Stagje3(rot on diafysis) aizfieart failure
receiving a suoptimal dose or not receiving RAASI therapy due to hyperkalaemia. (1A)

Guiddine 9.2¢ Patiromer for the management of Hyperkalaemia
We recommend that treatment with Patiromer is discontinued if RAASI therapy is stopped. (1A)
Guideline 9.3 Patiromer for the management of Hyperkalaemia

We recommend that Patiromer is initiated secondary care only. (1A)

Audit measures
1. The proportion of ou{patients with moderate hyperkalaemia (serum K+-863 mmol/l) treated
GAUK LI GANRBYSNI 6K2 | OKASOSR | &aSNMzY Yb X pon
2. The proportion of oufpatients who achieve maxiahdose RAASI therapy whilst taking patiromer.

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 44

v



THE RENAL
ASSOCIATION
founded 1950

Rationale (Guideline 9.¢4.9.3)

Patiromer is a nombsorbed, edium free, K+binding polymer: Calcium is used, rather than sodium, as the
counter ion for K+ exchange. This avoids the potential for exeessiium absorption and volume overload.
The drug is active throughout the gastrointestinal tract but mostly in the colon. The ohaetion is slow at
4-7 hours! Patiromer has the potential to bind to some-administered oral medication (e.g. metfoim
levothyroxine and ciprofloxacin), therefore administration needs to be separated front othé
YSRAOIGA2Yy&d o6& xo K2dzZNEOD

To date, the standard approach to treating chronic hyperkalaemia has been a dose reduction or cessation of
cardioprotective megtation along with the institution of a low K+ diet. Dietaryristriction was

implemented in patiromer trials and Kewering drugs are unlikely to replace a low K+ diet although may

allow a less restrictive intake.

The definition of hyperkalaemia us@dthe patiromer trials to guide treatment differed fmothe Renal
Association (2014)nd Europea Resuscitation Council (203§idelines. In the patiromer trials, mild
hyperkalaemia was defined as serum K+-%2X4 mmol/l and moderate to severe hyp@laema as serum K+
5.5-6.4 mmol/I**° Early studies included 3 Phase | clinical pharmacology studies and 12 single dese drug
drug interaction studies as summarised in Table 6.

The PEARHF [11] and PEARIF extensiofistudies are the only patiromer trials with all participants having

a diagnosis of chronic heart failur€ewer patients in OPAHK (429%8)and AMETHYSON (35%)had heart

failure (Appendix 2). In the PEARE study, almost half of the patients treatedhvpatiromer developed
hypokalaemia (K+ < 4 mmol/l) which also infers a higher risk of mortality in heart failure. However, in the
PEARIHF extension study, spironolactone could be optimised with a lower starting dose of patiromer whilst
reducing the in@ence of hypokalaemia.

In the OPAIHK trial, 76% of patients with HF achieved serum K+ levels within the target range with
patiromer. Hypokalaemia (K+ <3.5 mmol/l) occurred in 3% of patients. During the withdrawal phase,
KELISNJ I fF SYAI redurréd ing2vshop patiént2compéred with 8% in patients who remained on
patiromer. By the end of the-&eek period, 100% in the patiromer group remained on RAASI compared with
only 55% in the placebo group.

Patients with CKD were well represented in thinical trials¢ Bushinsky (100%), ORAK (100%), PEARIE
extension study (100%), AMETHY (87%) and Tourmaline (76%). Notably, the original RBARL

involving MRA titration, included few patients with CKD (27%) and the study duration may have deen to
short (4 weeks) to detect a worsening of renal function. In contrast, worsening of renal function was found
in 9.2% of participants ohe AMETHYSION trial (52 week8and 13% of participants in the PEARE.

extension study (8 weekd) In both of thee studies, spironolactone was implicated in some cases. In
AMETHYSDN, this was the most frequently reported adverse event and was the most common cause for
discontinuation. Despite its duration, this study also failed to show any clinically signigcation in
albuminuria.

A metaanalysis of the patiromer clinical trials showed that the mean reduction in serum K+ at Day 3 was
0.36 mmol/land at 4 weeks was 0.70 mmaifiOverall, 93% of patients could continue, start or titrate RAASI
therapy during he mantenance phase of the studiés.

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 45



THE RENAL

ASSOCIATION
founded 1950
STUDY N= | Study Mean Study CHANGE IN SERUNMbi
Duration Baseline | Groups PATIROMEROSE
K’ (dose in g twice daily)
(mmol/l) 4.29 8.4¢g 12.6g | 159 | 16.89
PEARK HF | 104 | 4 weeks 4.69 Patiromer -0.22
Pitt 2011 N= 55
Phase Il trial
4.65 Placebo +0.2
N= 49 3
OPAEHK 243 | Phase 1 5.3 Mild HK | -0.65
Weir 2018 Treatment 5.05.4
Phase llI trial 4 weeks N= 92
5.7 Mod-Sev -1.23
HK
5.56.4
N= 151
107 | Phase 2 4.49 Patiromer | O
Withdrawal N=55 Daily dose on entry: 12.8g (mild) and 21.4
8 weeks (mod)
After first 4 weeks, dose increase was
Ffft26SR 2yfée F2N i
5.1 mmol/l
4.45 Placebo | +0.72
N=52
AMETHYST | 306 | 52 weeks | 5.3 MildHK |-0.35 |-0.51 |-0.55
DN 5.05.5
Bakris 2015 N=222
Phase I trial Mod HK -0.87 | -0.97 -0.92
5.65.9
N=84
Bushinsky 25 | 48 hours 5.93 All 7hrs:-
2015 0.21
Prospective 20hrs:
-0.52
48hrs:
-0.75
TOURMALIN| 112 | 4 weeks 5.34 With -0.65
E Food median daily dose was 8.4g (8.4, 12.6)
Pergola N=55
2017 5.44 Without | -0.62
Randomised Food median daily dose was 8.49g (8.4, 14.1)
Open label N=57
PEARIHF 63 | 8 weeks 4.78 All -0.13
extension
study
Pitt 2018°
Openlabel

Table6: Studies of efficacy dPatiromerin the treatment of hyperkalaemia.
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Patiromer was approved for the treatment of chronic hyperkalaemia in the USA in 2015 and in the EU in
2017. The major caveat is that twice daily patiromer dosing was utilized in most trials, whereas the FDA
approved doses once daily. This modification stems from concern over the potential for drug interaction

between patiromer and other cadministered medications as discussed above.

NICE has approved the use of Patiromer in the treatment of chronic hyperkalaemia
patients with:

1 CKD Stage 3b OR Heart Failure

AND

T SerumRO2YyFANNXSR G2 6S x cdn YY2f«kf
AND

1 Receiving a sioptimal dose or not taking RAASI due to hyperkalaemia
AND

1 Not on dialysis

Patiromer should be initiated in secondary care.

Stop Patiromer ifRAASI therapy is discontinued.

NICE has approved the use of patiromer in the treatment of hyperkalaemiad@tibwve indications (text

box) ! The key evidence for clinical effectiveness was derived from the @BIRAttudy which demonstrated

a reductionin serum K+ by a mean of 1.61mol/l after 4 weeks (Phase 1Jhe mean serum K+ was 0.72
mmol/l higher in patients who were withdrawn compared with those who remained on patiromer (Phase 2).
However, the study cohort did not include patients with clificalgnificant hyperkalaemia. The patiromer
trials also did not demonstrate an improvement in quality of life or survival in patients with chronic
hyperkalaemia.

The Scottish Medicines Consortium (SMC) did not approve patiromer for the treatmieypefialaemia in
NHS Scotlantf. They concluded that there were several weaknesses and uncertainties with the economic
analysis of the OPAHK study given its short duration and endpoints that do not readily correlate with long
term CKD or cardiovascular outcomes.

Serum K+ should be mitored as clinically indicatetA reasonable approach would be weekly for the first
month and after every dose titration, then monthly thereafter. A rebound in serum K+ occurs on cessation of
patiromer, therefore withdrawal should be undertaken cautigudThe serum K+ may rise as early as two

days after cessation of patiromer, especially if RAASI therapy is contitleafore monitor serum K+

within one week after drug cessation.
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Treatment: Sodium zirconium cyclosilicaté&jidelines 10.410.3)

Guideline 10.1g Sodium Zirconium Cyclosilicate for the management of Hyperkalaemia

We recommend that Sodium Zirconium Cyclosilicate (SZC) is an optiongatiauts for the management
of persistent hyperkalaemia with a confiriRe & SNHzY Yb x cdn YY2f k £&5(nbtydn LI G A
dialysis) or heart failure receiving a saptimal dose of RAASI therapy. (1A)

Guideline 10.2; Sodium Zirconium Cyclosilicate for the management of Hyperkalaemia

We recommend that treatmenwith Sodium Zirconium Cyclosilicate (SZC) irpatients is discontinued if
RAAS:I therapy is stopped. (1A)

Guideline 10.3; Sodium Zirconium Cyclosilicate for the management of Hyperkalaemia

We recommend that Sodium Zirconium Cyclosilicate (SZOjaseithiin secondary care only. (1A)

Audit measures
1. The proportion of oupatients with moderate hyperkalaemia (serum K+-63 mmol/l) treated
GAGK { % @6K2 | OKASOSR | aSNHzZY Yb X pdn YY2fkf
2. The proportion of oupatients who achieve mamal dose RAASI therapy whilst taking SZC.

Rationale (Guideline 10.& 10.3)

Sodium Zirconium Cyclosilicate (SZC) is aahaonrbed potassium binder that preferentially exchanges H+
and Na+ for K+ and ammonium ions throughout éméire gastrointestinal tract.5ZC selectively entraps
monovalent cations (i.e. K+ and ammonium) compared with divalent cations (Ca2+ and Mg2+). Therefore,
unlike patiromer, SZC does not affect Mg2+ levels. SZC binding of ammonium ions increases serum
bicarbonate levels, which is favourable in the context of hyperkalaemisgitrinstudies have shown that the
K-+binding capacity of SZC is up to 9 times greater than that of sppalystyrene sulphonate (SPS)he
K+exchange capacity of SZC is also tir#8s more selective for K+ ov€a2+ or Mg2+ compared with SPS.

A comparison of the mechanism of action of all of the oral potassium binders is shown in Appendix 1.

SZC is generally well tolerated. The most common adverse effects are oedema (Bl T akalaemia
(4.1%). SZC exchanges Na+ for K+, accounting for the potential risk of worsening oedema, hypertension and
heart failure. Product information and administration is described in Appendix 3E.

Three randomised controlled trials and one opehdl clinical trial have been reported. The first was a
doubleblind RCT to investigate the safety and efficacy of SZC acrosseefatupes over a-8ay period: A
dosedependent reduction in serum K+ was demonstrated. The primary endpoint of ratelrieef serum

K+ was achieved at the approved dose of 10g three times daily. This was followed by twaatiail

Phase Ill RCT trials {@®3, Z904) to evaluate the efficacy and safetiySZC over a longer duratioh.The

most recent study, Z805, is an opedabel study to assess the efficacy of SZC with longterm use @&jle
Patients with CKD, heart failure, diabetes mellitus and receiving RAASI medication were included in these
studies. The studies were conducted in stablejpatients andexcluded patients on dialysis, with life
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threatening hyperkalaemia or diabetic ketoacidosis. There was also no restriction on dietary K+ intake in all
of SZC trials.

The key clinical trials for SZC in the treatment of hyperkalaemia are summarisedeary Talllese studies
were designed to determine the efficacy of SZC in controlling hyperkalaemia ovdmrantRiction phase,
followed by sustained control during a maintenance phase of variable duratidndays (Z803), 28 days
(ZS004) and 52 weeks §005). The proportion of patients with CKD, diabetes, heart failure and taking
RAAS:I drugs were similar in these studies (Appendix 2).

These clinical trials have demonstrated the efficacy of SZC. The onset of action of SZC is within 1 hour after
ingesion and there is a close correlation between the initial serum K+ level ansizb of the treatment

effect! The median time to normalisian of serum K+ was 2.2 houtsSZC lowers serum Ky 1.1 mmol/l

within 48 hours’ The Z$03 and ZH04 clinical trials also demonstrated a greaterléiwering effect with
increasing severity of hyperkalaemi4. In patients with a serum K+ > 6.0 mmol/l, SZC lowers seruny K+

1.5 mmol/l within 48 hour$. In the longterm study conetted over 12 months, 87% of patients were able to
continue RAAS; or increase the dose and @R discontinued RAASI therapy.

STUDY Study N = Study Dose of SzZC Renal Mean K  Change
Design duration function eGFR| Baseline K
(mmol/l)
(x3/day) (ml/min) (mmol/l)
ZS002° Phase Il RC| 90 48 hrs Placebo 58.1 + 26.5 51+04 -0.26£0.4
Ash 0.3g 56.5 +24.0 52+0.3 -0.39+04
2015 39 57.14+22.1 5.0+£0.3 -042+04
10g 51.6 £22.3 51+04 -0.92+0.5
ZS003° Phase Il RC| 753 | Stage1 | Induction
Packman 48 hrs | (randomised)
2015 Placebo 5.3 -0.25 (0.190.32)
1.25¢g 5.4 0.30
2.5g 5.4 -0.46 (0.390.53)
5g 5.3 -0.54 (0.470.62)
10g 5.3 -0.73 (0.650.82)
Stage 2 | Maintenance
Days (randomised) 3.5¢4.9
3-14 Placebo +0.47%/ hr
SZC 59 + 0.09%/ hr
Placebo + 1.04%/ hr
SZC 10g + 0.14%/ hr
ZS004° Phase Ill RC| 258 | Stage 1 Induction
HARMONIZE 48 hrs (open label)
Kosiborod 10g 46.3 £ 30.5 56+0.4 -1.1(1.01.2)
2014
Stage 2 | Maintenance
28 days | (randomised)
Placebo 48.0 + 28.8 46+0.4 -0.4 (0.30.6)
5g 48.0 + 30.7 45+04 -0.8 (0.60.9)
10g 447+30.7 | 44%04 -1.1(0.91.3)
15¢g 449 £ 29.5 45+04 -1.2(1.01.4)
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STUDY Study N = Study Dose of SZC Renal Mean K" Change
Design duration function eGFR| Baseline K
(mmol/l)
(x3/day) (ml/min) (mmolll)
ZSO004E Extension of| 123 | 11 mths | Maintenance
25004 (open label) 46.3 £ 30.5 4.6 88% of patients
10g once daily| achieved K < 5.1
mmol/l
ZS005’ Phase lll | 751 | 24-72 hrs| Acute Phase| <60:73.5%
Spinowitz Openlabel 10g X cny 5.6 -0.8
2019 Prospectvel [ Tamths | Extonded
Phase 5.6 -1.0
5g once daily
titrated to
10 or 15¢g/ day
OR 5q alt dayq
HARMONIZE | Phase lll RC| 267 | 48 hrs Correction 57+05 -1.28
GLoBAE Phase
Zannad 10g tds
2020 28 days | Maintenance Geometric LSM
(randomised) 3.5¢5.0
Placebo 5.32 (5.16, 5.49)
5g 4.81 (4.69, 04.94
10g 4.38 (4.27, 4.50)

Table 7 Studies of the efficacy of SZC in treatment of Hyperkalaemia

SZG@; Sodium zirconium cyclosilicate; lybours; mths; months; LSM; least squares mean

A metaanalysis of the SZC trials have shown that it lowers serum K+ by 0.17 mmol/l at 1 hour and 0.67

mmol/l at 48 hours after administratiof.In a subgroup analysis of patients with a baseline sertim K

ranging from 6.X, 7.2 mmol/l, SZC lowered serum K+ by a mean of 0.4 mmol/l at 1 hieuragiministration

of 10g dosé? In the recently published HARMONi@Bbal study, significantly more patients achieved
normokalaemia with SZC 5mg (58.6%) and S 177.36) compared with placebo (24%).

Approval for SZC was delayed due to concerns about the manufacturing processes, but was granted in the

EU in March 2018, followed by the FDA in May 2018. Although the marketing authorisation states SZC may
beusedF 2 NJ 6 KS WGiNBFGYSYyd 2F KE@LISNJFEFSYAlF Ay | RdzZ GaQ
CKD and/ or heart failure.

NICE assessed the clinical and cost effectiveness of SZC based 6004aAS ZHO5 clinical trials? A few
shortfalswS NS ARSYUGAFASR Ay GKS { %/ GNRARIFIfa AyOtdzZRAYy3I O
gl a t26SN) GKFY GKS wSylrf !'3a20A10G4A2Y YR 9dzNRLISI Yy
clinical trials did not compare the efficacy of SBGus dietary restriction or any other active-léwering

drug. There was also no evidence that SZC improves quality of life or extends life. However, given the strong
evidence for use of RAASI drugs in patients with CKD and heart failure, treffeasteness analysis

suggests that the use of SZC in facilitating patients staying on RAASI drugs is a good use of NHS resources.
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NICE has approved the use of SZC in the treatment of persistent hyperkalaemia if
out-patient setting under thesecircumstances:

1 Patients with CKD Stage 3bOR Heart Failure

AND

1 SerumKRO2Yy FANNXYSR (2 06S x cdn YVY2f«kf
AND

i Patient is receiving a subptimal dose of RAASI due to hyperkalaemia
AND

1 Not on dialysis

Initiation of SZC is restricted to secondary care.

StopSZC if RAASI therapy is discontinued.

NICE has approved SZC in the treatment of persistent hyperkalaemia for the above indications (text box).
Safety and efficacy has been shown up to 52 weeks of therapy, but the duration of treatment in clinical
pradice will likely be lifelong unless RAASI is discontinued. SZC will complement, rather than replace, a low
K+ diet. SZC may allow less strict dietary restrictions, thereby improving quality of life for patients.

The aim is to achieve the minimum effeetiose of SZC to prevent recurrence of hyperkalaemia. The
recommended starting dose is 5g once daily, witktitnation to a maximum dose of 10g once daily or
downttitration to 5g alternate days if requite(Appendix 3E).Dose titration or cessation witie led by
secondary care. In realorld practice, blood monitoring will shared with primary care, therefore clear
guidance or protocols will be necessary. Based on tHg0BSrial conducted over 12 months, blood
monitoring should be performed weeklyrfthe firstmonth, then monthly thereaftef. Serum K+ should also
be assessed one week after drug cessafion.

The role for SZC in the treatment of hyperkalaemia is likely to evolve as clinical experience is gained and as
further evidence becomes availabl
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Prevention (Guidelines 11:11.3)

Guideline 11.1¢ Prevention of Hyperkalaemia in the community: monitoring

We recommendnonitoring of renal function in patients at risk of hyperkalaemia with known CKD, heart
failure, diabetes and in any patient taking RAASI medication. (1A)

Guideline 11.2; Prevention of Hyperkalaemia in the community: prescribing

We recommend caution iprescribing trimethoprim to patients with renal impairment or those taking RAASI
drugs. (1A)

Guideline 11.3; Prevention of Hyperkalaemia in the community: sick day rules

We recommend that healthcare professionals provide advice to patients regardingskiseof AKI and
hyperkalaemia during acute illness and measures to avoid these complications. (1B)

Audit measures
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Rationale (Guideline 11.111.3)

Hyperkalaemia is an anticipated complication in patients with a history of CKD, heart failure or diabetes
mellitus. Patients requiring RAASI drugs for other indications, e.g. spironolactone for decatepdiver
disease, also require surveillance for hyperkalaemia. Blood monitoring is discussed in Guidelings 1.1
Good communication between primary and secondary care regarding monitoring and drug titration is
essential.

Drug prescribing in the comumity and outpatient setting is a major factor for the development of
hyperkalaemia. The elderly are very susceptible to hyperkalaemia and polypharmacy is a common problem.
Increased awareness of drugs that can cause hyperkalaemia and monitoring patiesksmay reduce

morbidity, hospital admissions and mortality.

Drugs commonly implicated in hyperkalaemia are shown below in Table 8.

RAAS{ACE Inhibitors, Angiotensin Il Receptor | RISK OF HYPERKALMAEM

Blockers, Mineralocorticoid Receptor Antagonist| INCREASED IN:

Potassium supplements Renal Impairment

Potassiumsparing diuretics Diabetes Mellitus

Trimethoprim/ Cotrimoxazole Elderly

NSAIDs Use of > 1 RAASI drug

Non-selective betablockers Combining any of these
groups of drugs

Table 8: Drugémplicated in development of hyperkalaemia and exacerbating factors.

The Medicines and Healthcare products Regulatory Agency (MHRA) issued a safety alert, initially in June
2014, regarding the concomitant use of ACEi or ARB with MRAs (i.e. spironolaicapterenone) given the
increased risk of severe hyperkalaemia particularly in patigitts advanced renal impairmerit The MHRA
recommend caution in cprescription of these drugs with regular monitoring of serum biochemistry and
discontinuation if hyprkalaemia develops.

bL/9 /tAYAOItf DdZARStAYS 2y W/ Y5 Ay | RdzZ Gay | aasSaa
NRdziAySte aidlFNISR Ay LI GASyida 6AGK I SRSNHzZYASNHAXSY
6.0mmol/I> TheNICEf AYAOlIf DdzZARStAYyS 2y W/ KNRYAO | SIENI CI A
states that serum K+ should be monitored before and after starting a RAASI or changing the dose, but does

not specify the K+ level at which RAASiutide avoided or discdimued? Given the potential benefits of

RAASI therapy in patients with CKD and heatrt failure, NICE has recently approved the use of SZC and
patiromer to facilitate continuing RAABerapy in selected patients’

Trimethoprim is a firstine antibiotic,most commonly prescribed for simple urinary tract infections (UTI). It
can be prescribed alone or in combination with sulfamethoxazolér{cmxazole). The mechanism by
which trimethoprim causes hyperkalaemia is by reducing renal K+ excretion throogietitve inhibition
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of epithelial sodium channels inéfdistal nephrorf.An increase in serum K+ level of 0¢36.21 mmol/l or
higher can occur within-30 days of treatment.Treatment with RAASI or NSAIDs exacerbates
hyperkalaemid.

There have been aitiple reports confirming the risk of hyperkalaemia and AKI inepdi treated with
trimethoprim 2*° Antoniou et al reported a-fold increased risk of hospital admission for hyperkalaemia in

St RSNI & LI GASyda ol 3S -sylfanethoxdzble defparedlit ofhgt Antikilotch fgrS (0 K 2
UTELY + fFNBS 'Y O2K2NI &GdzRé oyIrmImdpmI dnpuv 27F 2f
increased risk of developing hyperkalaemia (OR 2.27) and AKI (OR 1.72) within 14 days @fprimeth

prescrigion compared with amoxicillif The risk of hyperkalaemia has been showpatients receiving

high-dose™ ?and lowdose”® trimethoprim.

Trimethoprim

1 Use trimethoprim with caution in patients with severe renal impairment (eGFR
30 ml/min)

1 Avoid trimethoprim in patients receiving RAASI drugs (high risk of AKI and
hyperkalaemia)

Nutritional intake is another important factor in preventing hyperkalaemia, particularly in patients with CKD.

In patients with advanced CKD, the abiliyadapt to an increased potassium intake diminishes and

becomes almost negligible in ESRD, making these patientsusceptible to hyperkalaemia.A lon-K+

RASG Aa dzadatfte AyailAaddziSR gKSy GKS 3&SddizGuidlne A a O
5.1.

The bowel compensates for the reduction in renal K+ loss as renal function declines. The capacity for the
bowel to secrete K+ is inversely related to residual renal function and becomes the main route of K+
excretion in patients withESRB*'* Therefore, constipation predisposes to hyperkalaemia in patients with
renal impairment.

¢tKS W{AO1l RIF& Nz SaQ LINPODARSA AYyTF2NXIGA2Y (G2 LI GA
(e.g. RAASI, NSAIDs) advising temporary disconitmuat these medications during acute illness,

particularly in the context of volume depletion (e.g. diarrhoea and/or vomiting, fevers/ rigors). The use of
GKAA adGNIXGS3e Aa 02y (i NBOSNAA |chtas use 6fKidk ddy gain@™ @i t A y A O
0KS 20KSNJ KI' yYRZ We¢KAY 1 YA Rasé&fer i@ gudianek Ssaveal) diszonfinBagion | & |
of cardieprotective medication could exacerbate underlying condition and patients may not restart

medication on recoery or achieverevious dosagé®¢ KS We¢KAY{ YARYS2aQ tNRBINIY
that it is reasonable to provide sick day guidance to patients at high risk of AKI based on an individual risk
assessment, but a more systematic#lbdzi 2 F (G KS W{ A Oderfked in tNé&lzgbnfest f a & K 2 dzt
formal evaluation.

In clinical practice, many patients admitted to hospital with an AKI at initial presentation are receiving one or
more drugs that can exacerbate hyperkalaemia. It is standard practice to withhold thelseenati
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recovery. The Sick Day rules moves the timeline to discontinuation earlier in patients at risk of AKI and if
applied appropriately, may reduce the risk of severe hyperkalaemia during acute illness.
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Treatment Algorithm: @mmunity (Guiddine 12.1)

Guideline 12.1c Treatment Algorithm for Hyperkalaemia in the community

We recommend that the treatment of hyperkalaemia in patients in the community angbati¢nt setting is
guided by its severity and clinical condition of the patient aarsarised in the treatment algorithm. (1B)

Rationale (Guideline 12.1)

Hyperkalaemia is commonly detected in the community and the approach to monitoring and treatment is
variable. An algorithm has been designed to assist clinicians in thgatisht andprimary care settings as
shown in Appendix 5.

Patients with a serum K+ < 5.5 mmol/l do not require any specific treatment. Patients with persistent mild
hyperkalaemia (K+ 565.9 mmol/l) warrant a review of medication (e.g. RAASI) and dietary K+ intake.
Treatment of metabolic acidosis (serum bicarbonate < 22 mmol/l) and initiation of diuretics may be helpful
in chronic hyperkalaemia.

Patients with persistent moderate hyperkalaemia (K+@004 mmol/l) who are not acutely unwell require

similar considemtions¢ medication review, treatment of metabolic acidosis and a low K+ diet. However,

some patients may be candidates for a potassium binder (Patiromer or SZC) if they meet the NICE criteria as
discussed in Guidelines 9 and 10.

Patients with moderat& @ LISNJ I f  SYAl K2 | NS | OdziSte& dzygStft I yI
6.5 mmol/l) warrant referral to hospital for urgent assessment. RAASI drugs should be withheld until
recovery.

Blood monitoring is essential after a hyperkalaemic event anditbency is guided by the severity.
Recommended intervals for blood monitoring are discussed in GuidelirkZ4..Recurrence of
hyperkalaemia is common, particularly in patients with CKD, therefore it is important to consider
preventative measures.
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Section 2

Management of Hyperkalaemia
iIn Hospital
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Hyperkalaemia in Hospital

Introduction

Hyperkalaemia is a potentially lifareatening medical emergency. The incidence in hospitalised patients
ranges from kX 10%"° It is associated with increased hospitalisation and mort&fiyDespite this, there is
limited evidence to guide treatment. This may account for the observed variability in the treatment of
patients with hyperkalaemia, even within the same hospitBherefore, guidance on the treatment of
hyperkalaemia based on the current evidence is needed.

The most serious consequences of hyperkalaemia are arrhythmias and cardiac arrest. The risk of these
SPgSyia AYyONBlFaSa ¢A0K Yb f &iéhSih Keaboveds concedtrbtiofcan y R S
lead to rapid progression from peaked T waves to ventricular fibrillation or asystble longer a patient

has a high K+ level, the greater the risk of sudden deteriorafidirgent treatment can avoid life

threatening complication$:

The threshold for emergency treatment varies, but most guidelines recommend that emergency treatment
aK2dzZ R 68 3IAOSYy AT GKS aSNHzy Yb "A*% Itis alsoiqreptédrtiat k [ &
emergency treatrent should be initiated before serum biochemistry is known if hyperkalaemia is suspected

on clinical grounds or in the presence of ECG chafiges.

The evidence base for drug treatment in hospitalised patients is limited. Indeed, the Cochrane review for
treatment of acute hyperkalaemia in adults included only 7 stuffidsitravenous calcium salts (gluconate
and chloride) are lifssaving, but there are no clinical trials to prove efficicinsulinglucose infusion is the
most effective treatment to loweserum K+, but the conventional treatment regimen was based on small
historical studies mostly in dialysis patients. Batpnists appear to be effective in lowering serum K+, but
some patients are unresponsive. Sodium bicarbonate was frequently usedi@algtiractice, but there is

little favourable evidence of its efficacy in treating acute hyperkalaétia.

Over the past 5 years, there has been some progress in the treatment of hyperkalaemia relating to
management in hospitalised patients. Several rgpexgive studies have been conducted to investigate the
incidence and causes of iatrogenic hypoglycaemia following ingluldose administration>™ Other studies

have compared conventional versus low dose insulin regirf&A3he use of variable dosjrregimens of

insulin and glucose in these reports is a confounding factor. Ultimately, iatrogenic hypoglycaemia appears to
be multifactorial with a low prdéreatment blood glucose being a consistent risk factor. Another important
development is the avaikality of novel potassium binders, patiromer and sodium zirconium cyclosilicate,
which have both been approved by NICE for the treatment othifeatening hyperkalaemia although their
efficacy in the acute setting has not yet been reportég.

The mamagement of acute hyperkalaemia in hospital requires a systematic and consistent approach. This
section of the guideline reviews clinical assessment, ECG and laboratory teststépeafpproach to
treatment, timely specialist referral, escalation of cared prevention in hospitalised patients.
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Clinical assessment (Guidelines 13.3.2)

Guiddine 13.1¢ Hyperkalaemia: Clinical Assessment; History and examination

We recommend that all patients presenting with hyperkalaemia undergo a comprehensive medical and drug
history and clinical examination to determine the cause of hyperkalaemia. (1B)

Gudeline 13.2¢ Hyperkalaemia: Clinical Assessment; NEWS

We recommend that all patients with known or suspected hyperkalaemia undergo urgent clinical assessment
using an early warning scoring system to assess level of acuity. (1C)

Audit measures
1. Length ofhospital stay and umospital mortality of patients admitted with hyperkalaemia.

Rationale (Guideline 13:13.2)

A careful medical history may identify risk factors for hyperkalaemia as shown in Table 9. It is important to
elicit any history of prexising kidney disease and any factors which may contribute to an acute kidney
injury (e.g. diarrhoea & vomiting, infection, medications). Apply a high index of suspicion of hyperkalaemia
in patients groups at risk, e.g. patients with estdge renal failurediabetes, heart failure or liver failure.
Access to electronic patient records and historical biochemical results can help establish baseline renal
function.

Symptoms are often neapecific and may be overshadowed by the acute iliness whiist patients are
asymptomatic: Muscle weakness and/ or paraesti@e may occur in severe casésThe medication

history is an important part of determining the aetiology of hyperkalaemia. Ask about current medication,
recent changes and use of over the countegdications.
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Risk factors for Hyperkalaemia:

=

Acute Kidney Injury

Dialysis dependency (haemodialysis or peritoneal dialysis)

Chronic Kidney Disease Stages 4 & 5 (CKD, eGFR < 30 ml/mify1.73m
Drugs (renirangiotensinaldosterone inhibitors, NSAICismethoprim)

Cardiac failure

Diabetes mellitus (renkangiotensin drugs, diabetic keticidosis)

Liver disease (spironolactone, hepatmal failure)

|l RRAa2yQa 5AaSIa4S O6LINAYIFNE I RNByI ¢
Hyporeninaemic hypoaldosteronism (Type IV reénhular acidosis)

= =4 =4 4 -4 4 -8 -9

Table 9: Factors associated with an increased risk of hyperkalaemia.

The most significant consequences of hyperkalaemia are arrhythmias and cardiac arrest, therefore early
recognition, cardiac monitoring and prompt treatment are@s$al. Early identification of hyperkalaemia,
with or without adverse clinical signs, enables specific interventions, specialist referral (if required) and
appropriate escalation of care.

The ABCDE approach is an established method for rapid systessgisment of the acutely ill patient and
allows problems, including hyperkalaemia, to Beritified and treated promptly. The National Early

Warning Score (NEWS) was developed by the Royal College of PhysNfWS uses several vital signs to
detectabnormalities ad identify acute ill patient$.Baseline assessment and serial monitoring is essential
in identifying patients who are deteriorating and the NEWS can facilitate timely decisions for escalation of
care.

These standardised methods of patier#sessment and monitoring improve patient safety and facilitates
clear communication about acutely unwell patients.
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ECG and cardiac monitoring (Guidelines +44L2)

Guideline 14.1c Hyperkalaemia: ECG

2S NBO2YYSYyR 0KFG Fff K2AaLAGlItAASR LI GASylgadl oA GK |
ECG (electrocardiogram) performed and assessed for changes of hyperkalaemia. (1B)

Guideline 14.2; Hyperkalaemia: Cardiac monitoring

We recommend a mimium of continuous® S+ R 9/ D Y2y AG2NAyYy 3 F2NJ € LI G
mmol/L, patients with features of hyperkalaemia onl#2d ECG, and in patients with a serum K+6640

mmol/L who are clinically unwell or in whom a rapid rise in serum Krtigated, ideally in a higher

dependency setting. (JC

Audit measures
1. t NPLR2NIAZ2Y 2F LI GASydGa ¢AdK | -é&8 BEXzYecordedbelors @S f
and after treatment for hyperkalaemia.

Rationale (Guideline 14.¢ 14.2)

The ECG@ used to assess cardiac toxicity and risk of arrhythmias in patients with known or suspected
hyperkalaemia and may be the most readily available diagnostic tool. In terms of clinical significance, the

type of ECG changes present is an important fact@rédicting the outcome of patients with severe
hyperkalaemid.ECG abnormalities may reflect the sewednd rate of rise of serum K+.

The ECG changes associated with hyperkalaemia are attributable to the physiological effect of a raised serum
K+ on mycardial cells. The atrial myocardium is more sensitive than the ventricular myocardium to the

effects of hyperkalaemia and the specialised tissue (sinoatrial node and tofridis) is the least sensitive.
Hyperkalaemia is associated with depressionarfdtiction between adjacent cardiac myocytes, manifesting

in prolongation of the PR interval and QRS duration. The P wave amplitude is diminished in the early stages
as T wave amplitude increases. Suppression of sinoatrial function results in bradgcatdiadstill.

Suppression of atrioventricular (AV) conduction will give rise to varying degrees of AV block.

The ECG changes may be progressive with worsening severity as shown in Figure 1, but these changes do not
always occur sequentially and multiple changes may occur concurrently.
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Figure 1: Progressive changes in ECG with increasing severity of hyperkalaemia.

The most commonly recognised ECG sign is peaked T waves, but on its own is rarelylifestgreatening
hyperkalaemi&. Anormal T wave usually has an amplitude of < 5mm in the precordial leads and < 10mm in

the limb leads. The normal shape is asymmetric with a slow upstroke and a rapid down stroke. Peaked T
waves have a high amplitude, narrow base, sharp pointy apexae generally symmetric4f Early studies

reported the frequency of peaked T waves was 36% in hospitalised patients witkajgemig® Similarly,

Freeman et al reported peaked T waves at presentation in 35% of patiétit a serum K+ > 6.0 mmol/l.

Durfey et al also reported peaked T waves in 30% of paiients A (i K | & S NUZYGivérithatk ¢ ®p Y
peaked T waves occur in approximately one third of patients with moderate to severe hyperkalaemia, early
recognition can prompt early intervention and pest deterioration.

The typical ECG features of hyperkalaemia are shown below in Figure 2.

, Figure 2: ECG in a patient with
J w \ ] ’1/ ‘\\-J,". | severe hyperkalaemia (serum K-
9.1 mmol/l) illustrating peaked T
waves (a), diminished P waves
(b) and wide QRS complexes (c)

The reported utility of the ECG is variable. Some reports suggesttiatt 2 ¥ LI G6ASy da @AGK
6.5 mmol/L show no ECG changes consistent with hyperkaldériiacontrast, Durfey et al analysed the
incidence of hyperkalaemic ECG changesdwerity: K+ 6.5 6.9 mmol/l (66%), K+ 7€7.4 mmol/l (70%),
K+ 7.5 7.9 mmol/l (74%), K+ 8©8.4 mmol/l (100%) and K+ 8.5 mmol/l (100%is would suggest that
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the ECG becomes more reliable with increasing severity, although there are repan®ohal ECG in
extreme hyperkalaemia.

When the diagnosis of hyperkalaemia can be established based on the ECG, treatment can be initiated even
before serum biochemistry is available and this strategy was applig@Pmnof patients in one serié®urfey

et al reported that the presence of a historical ECG for comparison did not affect the frequency of detection
of ECG abnormalis suggestive of hyperkalaentia.

The ECG can be used to risk stratify in patients with severe hyperkalaemia. Durfeyastialkeel the ECG

performed within 1 hour of K+ measurement in patients with severe hyfietkeS YA I 6 A SNMzY Yb X
mmol/l).! Adverse events occurred in 15% of patients within the first 6 hours including symptomatic
bradycardia (11.7%), ventricular tachycarl.1%), cardiac arrest (1.1%), and death (2.1%). All occurred

before IV calcium was administered and all but one occurred before afgmeting treatment was

initiated. All patients with an adverse event had a preceding ECG demonstrating at leagpernkalaemic
abnormality. Similarly, An et al demonstrated a higheKig & LJA G € Y2 NIt AGeé Ay LI GA
mmol/l with typical ECG findings of hyperkalaemia compared with those with no ECG changes.

ECG features are present in approxinesit 66% of patients with
severe hyperkalaemia(kk ¢ ®p YY2f kf 0 ®

The ECG may be normal even in severe hyperkalaemia.

Consider the clinical picture alongside EG&everity of
hyperkalaemia, rate of rise and level of acuity of patient.

Seek senior help iin doubt.

Although the ECG is useful in assessing patients with hyperkalaemia, there are some shortfalls. Firstly, the
value of the ECG is dependent on the skill of the interpreter. Physician interpretation ofGhm EC
hyperkalaemia isariable?'° Rafique et al reported a mean sensitivity of 0.19 (+ 0.16)spedificity 0.97 (+

0.04)? This suggests that the ECG can be used to rule in a diagnosis of hyperkalaemia, but not to rule it out.
Secondly, the ECG may be normal even in tiesgirce of severe hyperkalaentid? Thirdly, the ECG
appearance may be atypical with a pset®6EN pattern or Brugada phenocopy®*® Finally, the first
presentation with severe hyperkalaemia may be ventir fibrillation or asystolé&’

Patients wih pacemaker devices are not protected from the cardiac effects of hyperkalaemia. It can affect
the function of both temporary and permanent pacemakers, particularly when the serum K+ exceeds 7.0
mmol/I.[20, 21] Hyperkalaemia causes three important clinedaormalities in patients with pacemakers:
1. widening of the paced QRS complex
2. increased atrial and ventricular pacing thresholds that may cause failure to capture 3) increased
latency manifested by a greater delay from pacemaker stimulus to onset ofatégaiion.
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Continuous ECG monitoring will enable early recognition and prompt treatment-ttildatening

arrhythmias in patients with hyperkalaemia. Hyperkalaemia causes arrhythmias by causing hyperpolarisation
of cells, making them less atfo depdarise when necessafy. Arrhythmias can occur at any time in the

LI 0ASYy (G Qa iioubpid wxiclEGQ chafigé®ll arrhythmias have been reported in patients with
hyperkalaemiaincluding atrial fibrillatiorf:* bradycardiat>** and ventricudr tachycardid>* Some typical
arrhythmias are shown in Figure 3.
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Figure 3: Arrhythmias in patients with severe hyperkalaemia illustrating bradycardia with wide QRS [K+
9.6 mmol/L] (a), sine wave with pause [K+ 9.3 mmol/L] (b), sine wave without pause [K+ 8.4 mmol/L] (c),
and ventricular tachycardia [K+ 9.1 mmol/L] (d).

ECG signs most closely correlated with adverse events are QRS prolongation, bradycar8i@) (eiRdtor
junctional rhythms. Bradycardia and/or complete heart block associated with severe hyperkalaemia may be
resistant to conventional treatment withtepine and even temporary pacing may be ineffee and induce
arrhythmias??® Negatively chronotropic drugs (e.g. beta blockers) exacerbate bradycardia in hyperkalaemic
patients?*** The BRASH (Bradycardia, renal failure, atrioventricular node bat®ck and hyperkalaemia)
syndrome is a recently coined term to describe refractory bradycardia and haemodynamic instability in the
context of hyperkalaemia and in patientsceving rate controlling drugS>' External pacing may be useful
whilst treament for hyperkalaemia is initiated. Although bradycardia is documented to be a potential
adverse effect of IV calcium salts, IV calcium can increase the heart rate in patients weitkafgpemia

induced bradycardi&’?3*
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Laboratory analysis (Guidelines 1515.3)

Guideline 15.1¢ Hyperkalaemia: Latratory tests
We recommend that a lithium heparin amgoagulated specimen is the sample type of choice when rapid
turnaround of urea and electrolytes results is required. (1B)

Rationale (Guideline 15.1)

The treatment of hyperkalaemia requires timely @ss to accurate serum K+ measurements. Potassium
measurement can be undertaken in the laboratory or at the point of care using a variety of techniques.
Laboratory measurements of K+ focus on those in blood plasma or serum. This provides an advantage over
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whole blood measurements from blood gas analysers because haemolysis can be identified by visual
inspection after centrifugation or by spectrophotometric analysis of the specimen for the presence of
haemoglobin.

The impact of irvitro haemolysis of bloodamples is a variable increase in K+ concentrations leading to
misclassification of normokalaemic patients as hyperkalaemic, and hyeokigl@atients as
normokalaemic. The use of hospital pneumatic tube systems for delivering samples to the central
laboratory reduces result turnaround time, but may contribute to a degree of haemolysis due to the impact
of speed, air presure and vibration in transit Automated assessment of haemolysis using the haemolysis
index has standardised the process for ideatifion of laemolysed sample$.

Send Lithium Heparin tube for urgent analysis ofl&vel.

The choice of specimen sent to the laboratory will depend on the tests requested and the urgency. Routine
samples for measurement of urea and electrolytes are usually requested in a clotted serum sample. In
emergencies where hyperkalaemia is suspectpdcenens collected in a lithium heparin tube can be

analysed more rapidly as there is no requirement to wait for the sample to clot before centrifugation.
Laboratories may differ in their requirements for other tests and different reference intervalalsay

apply.
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Guideline 15.2; Hyperkalaemia: Blood gas analysis

We recommend that in emergencies, K+ level is measured from an arterial or venous blood sample using a
point-of-care bbod gas analyser whilst awaiting the results from a formal laboratory measurement. (1B)

Rationale (Guideline 15.2)

Blood gas analysers (BGA) are increasingly available at thegbaiate with analytical repertoires that
include electrolyte measurement$his method provides rapid results, can shorten time to clinica
intervention and reduce costDespite these advantages, there is frequently doubt about the validity of
point-of-care methods compared with central laboratory tests. Haemolysis is an irmp@dafounding
factor in the measurement of K+, especially when using whole blood specimens via BGA. A greater
concordance has been reported between BGA and the laboratory results when the K+ concentration is
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greater than 3 mmol/L% A larger blood samplé.¢. more than 1mL) can reduce the extent aemolysis and
improve accuracy.

BGA potassium measurement has been compared with central laboratory venous analysis in many clinical

settings with variable recommendations.

1. During cardiac arrest, blood analy is timesensitive and rapid correction of an electrolyte disorder

could help achieve return of spontaneous circulation. One study in cardiac arrest reported that the
limits of agreement between ABG analysis and the central laboratory was wide andmnecaied

caution? However, other studies have demonstrated that ABG analysis enhances resuscitation.

Ahn et al reported that all cases of lifiereatening hyperkalaemia was detected using ABG analysis
with a sensitivity of 85% and specificity of 97%.

In the ICU, several studies have demonstrated good agreement between K+ values measured using
BGA analyser and the central laboratory allowing timely clinical decisions in critically ill pafiéhts.

In the emergency department (ED), early identificatof electrolyte disturbances has the potential
benefits of ensuring prompt treatment, appropriate triage, safe patient transfer and appropriate

ward placement. Several studies have validated the use of BGA analyser in measuring serum K+ in
the ED'**° Point of care testing in the ED can also reduce length of stay and improve patiefit flow.

Use a point of care blood gas analyser to provide rapid and reliable
level when an urgent result is required.

Send a formal laboratory sample, but initiate @atment if indicated
based on BGA result.

Local laboratory medicine specialists should ensure that the all methods used for measurement of potassium

are fit for purpose and that the methods are appropriately quality controlled and quality asseReett.of

care testing systems and processes, used for the measurement of potassium, should follow best practice as

identified by the MHRA (Medicines and Héakre Regulatory Agency, 2010).ocal risk assessments of the

relative value and safety of poiof care vesus laboratory delivery of potassium measurements should form

part of the development process.
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Guideline 15.3; Hyperkalaemia: Pseudbyperkalaemia

We recommend that urea and electrolytes are measured using paired lithium heparin and clotted serum
samples from a large vein using gentle traction with prompt laboratory analysis if p$gypdd<alaemia is
suspected. (1A)

Rationale (Guideline 15.3)

Ideally, the laboratory measurement will reflect the K+ concentration in the @dHalar fluid in vivo.
Pseudehyperkalaemia, first reported in 1955, describes the finding of a raised serune(thitiod) K+

value concurrently with a normal plasn§nonclotted blood) K+ valuéThe clotting process releases K+ from
cells and platelets increasing the serum K+ concentration by an average of 0.4 mmol/L.

Pseudehyperkalaemia can be excluded jppgrforming simultaneous measurements of plasma K+ in a lithium
heparin anticoagulated speimen and in a clotted samplédseudehyperkalaemia is detected when the
serum K+ level exceeds that of the plasma by more than 0.4 mmol/L. Consider fisgaetkalaemia in the
context of normal renal function, normal ECG and in patievits haematological disorders.
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If pseudchyperkalaemia is suspected, send paired blood samples in a clott
tube (serum) and a lithium heparin tube (plasma).

Send FBC to exclude a haematological disorder.
Pseudehyperkalaemia is present if:

[Serum K] ¢ [Plasma K] > 0.4 mmol/I

The most commn cause of pseudhyperkalaemia is a prolonged transit time to the laboratory or poor
storage conditions. Other causes of pseddgerkalaemia include difficult venepuncture, a high platelet
count, haemolysis, erythrocytosis, prolonged storage time dfedosamples, or cold storage conditions.

When using evacuated tubes for blood collection, if the order of draw is wrong, the sample can be
contaminated with potassim EDTA (for full blood count): Another common cause of contamination is
sampling fronthe arm into which potassiumontaining fluids are being infused. An inverse relationship
between ambient temperature and potassium concentration has been reported with higher K+ values in the
GAYUSNI Y2Y(IK& | YR KI seudohgferkalain@NY SR WaSl azyltQ LI

Laboratories have developed standard protocols to reduce the risks of pseymwkalaemia and pseudo
normokalaemia. Labelling the time of collection on specimens, reducing transit times, and optimising
storage conditions (i.e. avoiding wide fluations in temperature) for specimens from primary care are
important strategies. These measures may in turn reduceodtiiours calls to deputising services and
admissions to acute medicine units for the investigation of hyperkalaemia.

The importance ofecognition of pseuddyperkalaemia is the avoidance of unnecessaggtinent which
could cause harrf.
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Treatment (Guidelines 16:16.6)

Guideline 16.1¢ Hyperkalaemia: Summary of treatment strategy
We recommend that the treatment of hyperkalaemia in hospital follow a logistép approach. (1B)

Rationale (Guideline 16.1)

The treatment of hyperkalaemieurrently varies considerably. A systematic approach, as shown in Figure 4,
takes into account clinical priorities, may reduce variability, enhance patient outcome and reduce adverse
events related to fiperkalaemia and its treatmerit.

Step 1: Protect the heart

Step 2: Shift K" into cells

Step 3: Remove K* from body

Step 4: Monitor K™ and glucose

Step 5: Prevent recurrence

Figure 4 There are five key steps in the treatment of hyperkalaemigeyer walk away without completing
all of these stepy

This process begins with an assessment of the risk of arrhythmias, followed by action to reduce the serum K+
concentration by shifting K+ back into cells and removing it from the body. Treatment efficacy is assessed by
monitoring the serum K+. Hypogaamia is a serious adverse effect of insglincose, therefore frequent

blood glucose monitoring is essential. Treatment is not complete until the cause is identified and steps

taken to prevent recurrence. The hyperkalaemia treatment algorithm for kalsg®d patients outlines this
sequential approach (Guideline 22.1). Drug therapies with mechanism of action and interventions for

treating hyperkalaemia are shown in Table 10.

STEP 1 | Protect the heart IV Calcium Gluconate or Chloride
STEP 2 | Shift potasium into cells InsulinGlucose
Salbutamol
STEP 3 | Remove potassium from the body Sodium Zirconium Cyclosilicate
Cationrexchange resins

Table 10: Mechanism of action of drugs used in treatment of hyperkalaemia.
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Guideline 16.2; Hyperkalaemia: STEP-Protect the heart; intravenous calcium salts

We recommend that intravenous calcium chloride or calcglatonate, at an equivalent dose (6.8mmol), is
given to patients with hyperkalaemia in the presence of ECG evidence of hyperkalaemia. (1C)

Audit Measures
1. The frequency of ECG changes in patients treated with intravenous calcium salts.

Rationale (Guidefie 16.2)

The use of intravenous (1V) calcium in the treatment of hyperkalaemia is well established in clinical practice
but is based on sparse evidence. The toxic effects of potassium on the heart and antagonism by calcium was
first demonstated in an aniral model in 1883and later confirmed in 1939Much of the evidence to

support its use is based on case reports and anecdotal experience, but there is little doubt of the importance
of IV calcium in the emergency treatmenttofperkalaemia®

The electophysiological effect of K+ on the heart is dependent on its extracellular concentration, direction
of change (hypokalaemia or hyperkalaemia) and rate of change. The effect of K+ on the resting membrane
potential of cardiac myocytes is modulated by thegitaneous calcium concentration such that an elevated
calcium concentration decreases the depolarisatdiect of an elevated K+ level.

IV calcium antagonises the cardiac membrane excitability provoked by excess potassium, thereby protecting
the heart ajainst arrhythmias. It is effective within 3 minutes at improving adverse ECG appearances (e.g.
narrowing of the QRS complekj? The dose should be repeated if there is no effect withitO5minutes.

The duration of action is only 380 minutes, so fuher doses may be necessary if hyperkalaemia remains
uncontrolled. As IV calcium does not lower serum K+, other interventions are urgently required.

10 ml 10% Calcium Chloride = 6.8 mmofTa

10 ml 10% Calcium Gluconate = 2.26 mmaoi'Ca

Tablell: Calcium content of IV calcium salts used in treatment of hyperkalaemia.

The choice of calcium salt (chloride or gluconate) is guided by practicalities such as availability, local practice
and the clinical condition of the patient. There are some intguat differences between the two available
solutions. Both peparations, calcium chlorid®and calcium gluconat& are available in the form of 10ml of

10% solution but calcium chloride contains 3 times more calcium than calcium gluconate as sholla in Ta

11. The bioavailability of both preparations appear to be similar with a study in patients with poor liver
function (pretransplant) demonstrating that calcium gluconate does not require hepatic activation to
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become effectivé? Calcium gluconate isds irritant to the skin than calcium chloride, but both salts can
cause tissue necrosis. Calcium chloride has been recommended in the setting of haemodynamiityinstabi
including cardiac arrest.

Adverse effects reported from the e@f IV calcium salisclude®®

1 tissue necrosis if extravasation occurs

1 hypotension, peripheral vasodilation, hot flushes and/or chalky taste (mainly after too rapid
infusion)

9 bradycardia, arrhythmias (frequency unknown)

Report all adverse events via the Yellow Card system.

Historical evidence suggests that the administration of intravenous calcium may potentiate digoxin toxicity,
but this is limited to case report§™>'¢ In contrast, no dysrhythmias or increased mortality was
demonstrated in a retrospective study oveel ~year period in which 23/ 161 patients identified with

digoxn toxicity received IV calciuth) but some methodological concerns in this paper has been
highlighted.[18] In instances where digoxin toxicity was unrecognised at presentation, no adversafere

IV calcium administration was reged.'**

In clinical practice, there have been several pitfalls in the administration of IV calcium:

1. Asingle dose of 10ml 10% calcium gluconate is often administered irrespective of the response
which may have been inadequate.

2. The 12lead ECG is frequently not repeated after administration to assess response. Look for a
narrowing of the QRS complexdiie 5), reduction in T wave amplitude (Figure 5), increase in heart
rate if bradycardic or reversal of arrhythmia.

3.L+ OIFfOAdzy OFly OFdzaS 0N REOFENRAFT GKSNBF2NB (K
heart rate is already slow. |V Calcitemains indicated and may be lbgaving in hyprkalaemia
induced bradycardi&

4. The relatively short duration of action of IV calcium-G8minutes) may not be considered in
patients with prolonged hyperkalaemia. Repeat ECG and consider a furthef datient remains
hyperkalaemic.

5. IV calcium may not be deemed necessary when emergency dialysis is planned or being initiated for
severe hyperkalaemia, but this remains essential.

There iggeneral agreementhat 1V calcium salts should be used in gresence of:

 life-threatening ECG changes (absent P wawede QRS, singave patternj*?
' cardiac arrhythmias
1 cardac arrest*??

There ino consensugbout using IV calcium in the following circumstances:

i isolated peaked T waves
I normal ECG
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Figure 5: ECG on admission (a) and following 20ml 10% calcium gluconate IV (b) in a patient with serum K+

9.3 mmol/L who presented with generalised weakness.

In summary, IV calcium has been widely recommended for the treatment and prophoyfiaxibythmias in

patients with hyperkalaemia. The use of IV calcium buys time for other interventions to take effect. Given
that 1) the ECG is the best tool for assessing cardiac toxicity, 2) the effect of IV calcium is assessed by an
improvement in EC@ppearance, and 3) IV calcium is not without risk, it seems reasonable to reserve IV
calcium for patients with ECG changes of hyperkalaemia. When 10% calcium gluconate is used, sequential

doses of 10ml solution are often required whereas a single dosaloium chloride is more likely to be

effective. Therefore, we recommend an equivalent dosage of calcium chloride or gluconate (6.8 mmol) for

initial therapy.
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Guideline 16.3.X Hyperkalaemia: STEP-&lift K+ into cells; insulirglucose infusion

We recommend that insuliglucose (10 units soluble insulin in 25g glucose) by intravenous infusion is used
G2 GNBFG aSOSNB KBLISNYIFEFSYAlF O0Yb X c®p YY2fkfod

Guideline 16.3.2; Hyperkalaemia: STEP-3hift K+ into cells; insuliglucose infusion

We suggest that insuliglucose (10 units soluble insulin in 25g glucose) by intravenous infusion is used to
treat moderate hyperkalaemia (K+ 6®&.4 mmol/l). (2C)

Guideline 16.3.3; Hyperkalaemia: STEP-Zhift K+ into cells; avoiding hypoglycaemia

We suggest premptive initiation of an infusion of 10% glucose at 50ml/ hour for 5 hours (25g) following
insulinglucose treatment in patients with a pteesatment blood glucose < 7.0 mmol/l to avoid
hypoglycaemia (target blood glucos&4nmol/l). (2D)

Audit measure
1. ¢KS LINRPLRNIA2Y 2F LI GASyilia o6AGK &S 0SNBglugesdJS N |
infusion.

Rationale (Guidelines 16.3416.3.4)

Insulin is the most reliable drug for shifting K+ into cells in patients with hyperkalaemia.[1] Insulin shifts K+
into cells by activating Nakk+ ATPase and recruiting intracellular pump components into the plasma
membrane. Insulin binding to specific membeareceptors results in extrusion of Na+ and cellular uptake of
K+. This effect is independent of its hypoglycaemic action.

Following insulirglucose infusion, serum K+ levedis to fall within 15 minute$® with the peak reduction
(ranging from0.65-1.0 mmol/l) acurring between 3&0 minutes*® The reduction in serum K+ may be
sustained for up to 2 hours after administration following which there is usually a gradual rebound. The main
risk of insulinglucose therapy is hypoglycaemia. Insudingitivity varies from patient to patient and is

affected by diabetic status and level of renal function.

The efficacy of insuliglucose is increased if given in combination with salbutamol. The peak K+ lowering
effect with combination therapy at 60 mines is 1.5 mmol/L with intravenous beggonist therapy and 1.2
mmol/L with nebulised betagonist therapy.[7] Gadministration of salbutamol also appears to reduce the
risk ofinsulininduced hypoglycaemid.

Hyperkalaemia may occur in the context of diib&mergencies, in particular, diabetic ketoacidosis (DKA).

In this setting, the primary problem is the redistribution of K+ out of cells although the total body K+ may be
reduced. The K+ level falls as hyperglycaemia is controlled with fluids and atbiinistration. Follow the

DKA treatment protocol and monitor the serum K+ and blood glucose level closely.
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The evidence guiding treatment recommendations for the insglirtose regimen has been analysed by
assessing the:

1

= =4 —a A

Incidence of iatrogenic Ippglycaemia

Dose of insulin for optimal efficacy

Dose of insulin to reduce the risk of hypoglycaemia

Dose of glucose to reduce the risk of hypoglycaemia
Patientrelated factors increasing the risk of hypoglycaemia

latrogenic Hypoglycaemia after Insuliglucose therapy

Hypoglycaemia is the most serious complication of treatment with ingjlilinose for acute hyperkalaemia.

Over the last decade, several observational studies, using variable treatment regimens, have higthlighted
risk as shown in Tabl@1****In one of these studies, Boughton et al used the UK Renal Association
Hyperkalaemia Guideline (2014) protocol, however 10 units insulin was given in 100ml 20% glucose (~ 20g),
slightly lower than the guideline recommendation of 125 ml 20% gki¢2Sg). This may havefiluenced
hypoglycaemic event$.
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Study Country | N= | Baseline Blood Time Hypo | *Severe | Risk factors for
glucose Interval Hypo Hypo
(BG) toHypo | (%) | (%)
(hrs)
*Schafers| US | 219]8.6 (No hypo group) 3.0 8.7 23 | Low pretreatment
2012'° blood glucose
6.7 (Hypo group) _ _
Renal impairment
“Apel US 221 9.0 (no hypo group) 20 13 5.9 Low pretreatment
2014 blood glucose
(ESRD) 5.8 (hypo group) _
No history of
diabetes
#
2%51?9 US | 86 | 83(Nohypogroup| 1.45 | 17.4 | 35 | Low pretreatment
had BG 2.4 mmol/| blood glucose
higherthan hypo
group)
Coca, Spain | 164 | 8.5 (No hypo group)| 35 | 61 | 1.2 |LOWpretreatment
2017 blood glucose
6.2 (Hypo group)
*Scott US | 409| 7.3(Hypo occurred | NA 17 8 Low pretreatment
2019° (ED) in 34% of patients blood glucose
with baseline BG < Lower glucose dosq
5-6) Higher insulin dose
Boughton| UK | 662 8.7 (Nohypogroup)| NA | 175 | 7.1 | -owpretreaiment
2019 blood glucose
5.8 (Hypo group)
Older age
Low body weight
Table 12 Incidence and risk factorassociated with iatrogenic hypoglycaemia after insuijiucose

infusion for treatment of hyperkalaemia.

*Definition of Severe hypoglycaemia: glucose < 3.0 mmol/l [Boughton]; glucose < 2.8 mmol/l [Apel, Scott]; glucose </P.2 mmol

[Schafers, Coca, Estep]
"Studies without a standardised Insutitucose protocol
ESRIQ end-stage renal disease; E[Emergency Department

These studies demonstrate that the most consistent factor contributing to hypoglycaemia after-insulin
glucose treatment is a lopre-treatment blood glucose level (< 7 mmol/l). This is an important
consideration in designing a safe and effective treatment protocol.
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Insulin and Glucose dose: Efficacy

The evidencéase for efficacy of insuliglucose in the treatment of acute hypalaemia is heterogenous
consisting of variable study designs, insulin doses, glucose doses, method of administration (bolus or
infusion), and study populations as shown in Table 13.

Early prospective studié3>*'**and one more recent stud$; were performed predominantly in stable
haemodialysis patients and included small patient cohorts. Few prospective studies incluedspatth
acute kidney injury:®*°

Retrospective studies reported over the past decade have attempted to address tineabptgimen to
reduce the risk of hypoglycaemidthout compromising efficac}??°*?®> Some studies have considered
reduced insulin dose (5 unit§f** higher glucose dose (50%)?***%! body weight'?>, glycaemic statu®
and level of renalunctior?®?°to tailor treatment regimens. Importantly, assessment of efficacy is
dependent on the timing of blood monitoring after treatment. Given the retrospective design of these
studies, the timing of blood monitoring was variable with K+ measurd¢sn@amging between 1 to 4 hours
after administration of insuliglucose.

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 81



THE RENAL
ASSOCIATION

founded 1950

Efficacy

Insulin
Dose

Potassium Level

Serum K

Mean Reduction
Baseline K (mmol/L)
(mmol/L) 10 Other
Units Units
Lens
10 10 40 6.7 1.0
1989
Allon
199G 12 10 25 5.48 0.65
Ljutic
1 2 . T
1993 9 0 5 6.33 0.76
Allon 0.5 U/
4.2 .
1996 8 kg/min 60 8 0-85
Duranay
1996 20 10 30 6.71 0.99
Kim 0.5 U/
8 40 6.3 0.7
1996 kg/min
Ngugi
1997 70 10 25 6.9 1.14
Mahajan
12 2 . .
20017 30 5 6.59 0.83
Mushtaq
1 1 2 . .
2006 5 0 5 6.5 0.8
6.01 [10
Chothia . [
8 10 10 0 50 units] 0.83 0.50
2014 .
6.23 [0 units]
Pierce
20159 149 10 5 25 6.3 1.08 1.1
Wheeler 0.1
132 10 50 6.1 NI NI
2016 U/kg
La Rue 675 | 10 5 25 + 25 + 25 6.4 1.0 1.0
2017 - ' ' '
Coca
164 1 . .
20172 6 0 50 6.85 1.18
. 6.15 [10
Garcia .
2016° 401 10 5 25| 0,125,50 units] 0.90 0.81
6.24 [5 units]
Farina 6.5 [250] 1.0 [259]
240 10 25 50
2018* 6.3[50g] 1.1 [50q]

Table 13 Prospective and Retrospective studies of Instdjincose therapy.
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Insulin doseg Conventional Regimen: Insulin 10 units in 25g glucose

The majority of theprospective studies used a dose of 10 units of selifsulin as shown in Table 14:° %

16, 182319The most commonl used dose of glucose was Z55.% ?'*The mean baseline serum K+ ranged
from 5.48¢ 6.9 mmol/l in patients treated with tlsi conventional regimen. The efficacy demonstrated in
these studies showed a reduction in serum K+ ranging from@16%4 mmol/l as shown below in Table 14.
This evidence formed the basis of the historical recommendation to treat acute hyperkalaemiasuitin

10 units and glucose 25g. Recent observational studies have shown similar efficalc@g0®mol/l) with
this regimer?® 2% 24

Insulin Glucose | Baseline K’ DM Baseline Hypo

STUDY dose Dose K lowering blood 0. a X
glucose

(units) (9) (mmol/l) | (mmol/l) (%) (mmol/l) (%)
Allon 1990 10 25 5.48 0.65 0 4.8 *75
(n=12%
Ljutic 1993 10 25 6.33 0.77 NA NA 11
(n=9§
Ngugi1997 10 25 6.9 1.14 NA NA 20
(n=70%
Mushtaq 10 25 6.5 0.8 NA 7.5 0
2006
(n=15§°
Pierce 2015 10 25 6.3 1.08 55 NA 16.7
(n=149%°
Garcia 2018 10 25 6.15 0.9 36.2 8.7 10.7
(n=401%°
Farnia 2018 10 25 6.5 1.0 26.7 7.0 15.8
(n=240§"

Table 14 Efficacy and risk of hypoglycaemia with conventional regimdi® units Insulin with 25g glucose

(studies without efficacydata excluded
DM ¢ Diabetes Mellitus. BN Blood glucose. &l patients nordiabetic

Insulin dose; 5 versus 10 units

Three retrospective studies, consisting of large cohorts of up to 675 patients, have compared the efficacy
and hypoglycaemic riskith regimens using 5 versus 10 units of insulin in patients with rer@dirment as
shown in Table 18>****The K+owering achieved using 10 units insulin wasq1908 mmol/l compared

with 0.81¢ 1.1 mmol/l using 5 units insulin.

Interpretationof the data in these studies is confounded by the low proportion of patients receiving 5 units
insulin in two of the stuis’®?, the use of variable glucose regimens which may have influenced the
incidence of hypoglycaemia, and the use of concomitanlbirering drugs which may have influenced
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efficacy. Albuterol, a betagonist, was used in more patients treated with 5 uniulin in two of the

22,23

reports®***and wasnot stated in the other report’

Insulin | Albuterol | Baseine K’ DM Baseline| Hypo *Severe

STUDY dose Use K" lowering blood 0. a Hypo
glucose 3.9)

(units) (%) (mmol/l) | (mmaol/l) (%) (mmol/l) (%) (%)
Plerce 10 NA 6.3 1.08 55 NA 16.7 8.9
2015
(n =149) 5 NA 6.3 1.1 46 NA 19.7 7.0
La Rue 10 30.3 6.4 1.0 49.1 7.6 28.6 6.8
2017
(n=675) 5 36.8 6.4 1.0 42.9 6.9 19.5 3.0
Garcia 10 15.2 6.15 0.9 36.2 8.8 10.7 NA
2018

#

(n=401) 5 25 6.24 0.81 29.4 7.6 8.7 NA

Table B: Comparison of studies performed using 5 versus 10 units inssldjes without efficacy data
excluded.

Proportion of patients treated with 5 units insulin: Pierce: 4294; La Rue: 20922]; Garcia: 23%23]

Dose of glucose: Pierce: 229]; La Rue: 25g + 25¢g at 1hr + 25g at 3hrs if blood glucose < 3.9 mmol/l (poor adherence to this
protocol) [22]; Garcia: €60g (259 used in 68% of patients tted with 5 units insulin and 82% of patients treated with 10 units
insulin; 50g used in 19.5% treated with 5units insulin and 11% treated with 10 units if&8]in)

*Definition of Severe hypoglycaemia: Pierce: glucose < 2.8 mf0]/lLa Rue: glucose < 2.2 mmd22]

#p=0.03

NAC¢ not available; DMDiabetes mellitus; Hypphypoglycaemia; BM blood glucose.

Dosedependent effect ofinsulin on KHowering

There is some evidence of a dedependent effect of insulin on lowering K+ level. Garcia et al reported a
postk2O |yl fteara 2F LI GASydGa gAGK | &SNHzY -lveering

in patients treated wh 10 units insulin compared with those treated with 5 units insulin. édiffice-0.238
mmol/l; p=0.018Y2 This observation has been shown more definitively in a recent large study (n=700).
Moussavi et al reported significantly greater-léwering in paients treated with 10 units insulin (1.11 + 0.8
mmol/l, p=0.008) compared with those treated with < 10 units insulin (0.94 + 0.71 miol/l

c dn

Impact of severity of hyperkalaemia on efficacy

It is unclear if the severity of hyperkalaemia affects degree of K4owering with insulin. The efficacy

reported in studies conducted using 10 units of insulin (Table 13) was compared between patients with a
YSIY Yb x codp YY2fkt oO0ylcov @a (K248 6AGK lrend Sty Y
towards higher K4owering in studies with more severe hyperkalaemia (mean reduction 1.02 mmol/l vs 0.87
mmol/l; difference-0.15 mmol/l). The extent of this correlation may be affected by the narrow range in K+

level as no studies exceeded a mearld@¢el of > 7.0 mmol/l, however this observation suggests that the

higher the serum K+, the greater the efficacy of insulin.
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Insulin and Glucose dose: Strategies to Reduce the Risk of Hypoglycaemia
Factors influencing the risk of hypoglycaemia aredbse of insulin, dose of glucose, and patiegiated
factors.

Insulin doseg Conventional regimen

The studies conducted prior to 2010, using a regimen of 10 units of insulin with 25g glucose, showed a wide
variation in incidence rate of hypoglycaemia garg from 11c 20% in two studies? no episodes in one

study* and as high as 75% in a study including only patients without diaB&iesilarly, over the past

decade, the incidence of hypoglycaemia reported usitig igimen ranged from 528%™ 14 20. 23, 24, 26

Insulin doseg Low dose regimen

Studies assessing the hypoglycaemic risk using regimens of 5 vs 10 units of insulin were confounded by the
proportion of patients who received 5 units insulin (rangec28%) and the vaaible glucos dosing (Table

15) 222 23pjerce et al, the only study with almost equal study arms, showed no significant difference in
incidence of hypoglycaemia between conventional vs-ttmse insulin treatment groups (16.7% vs 19.7%,
p=0.79).

McNicholas et atonducted as a-part audit comparing the incidence of hypoglycaemia in patients treated
with 5 vs 10 units insulin with 25g glucosesed on level of renal functiofi.Adherence to the treatment
protocol improved in Audit 2 with a higher number of patiemtith CKD/ESRD receiving 5 units insulin
resulting in a reduction in hypoglycaemic events from 28% to 11% with no severe episodes.

Insulin dose; Weight-based regimen
Tailoring insulin dose to body weight is another potentiedtegy as shown in Tablé# ¢ 2 *Two small

early studies in HD patientsperted no hypoglycaemic event§ More recently, Wheeler et al
demonstrated a significant reduction in hypoglycaemic é¢savith a weight based regimen. However this
study only reported the lowest serum K+ level achieved in the 12 hours following treatment, making it
difficult to assess efficacy. Brown et al found a marginally significant difference in hypoglycaemic rates
(6.67% vs 5.8%, p=0.05) indav of the weightbased cohort® In clinical practice, a weightased regimen
would be difficult to safely and reliably implement in a medical emergency.
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Insulin | Glucose | Baseline K’ DM Baseline| Hypo *Severe
STUDY dose Dose K’ lowering blood 0. a Hypo
glucose 3.9)
(units) (9) (mmol/l) | (mmolll) (%) (mmol/l) | (%) (%)
Allon 5 60 4.28 0.85 0 4.8 0 0
1996 mU/kg/
(n=8) min
Kim 5 40 6.3 0.7 NA NA 0 0
199%6° mU/kg/
(n=8) min
Wheeler 0.1U/kg 50 6.1 NI NA 8.2 12.1 NA
2016" 10 50 NI NA 9.2 273 NA
(n=132)
Brown 0.1U/kg 24 6.1 0.6 52 9.0 6.7 2.6
20187 (8.3)
(n=264) 8.7 26 6.2 0.6 45 8.5 "5.8 10.1

Table 16 Comparison of studies performed using weighése Insulin regimen.

*Severe hypogicaemiag glucose €.8 mmol/l. ~p=0.05 NACc not available.

*NI¢ not included as study reported tHewest serum Klevel achieved in the 12 hours following treatment.

Glucose dose

Studies assessing the effect of glucose dose (259 vs 50g) on hypoglycaemicstisikvaren Table 17. Farnia

et al reported a trend towards a lower incidence of hypoglycaemia at 60 minutes in patients treated with
50g glucosé? Subgroup analysis of patients with a baseline blood glucose < 6.1 mmol/l and those without
diabetes showed aignificant reduction in hypoglycaemic events when treated with 50g glucose. Coca et al
delivered an infusion of 50g glucose with 10 units insulin over 240 minutes and showed a low hypoglycaemic

rate at 6.1% with this strategy.
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Glucose | Insulin | Baseline K’ DM Baseline| Hypo *Severe
STUDY dose Dose K" lowering blood 0. a Hypo
glucose 3.9)
(units) (units) | (mmol/l) | (mmolll) (%) (mmol/l) (%) (%)
Chothia 50 0 6.23 0.50 NA 51 0 NA
2014
50 10 6.01 0.83 NA 5.6 20 NA
(n =10)
Wheeler 50 0.1 U/kg 6.1 NI NA 8.2 12.1 NA
2016° 50 10 NI NA 9.2 *27.3 NA
(n=132) ' '
Coca - - - - - - - -
2
2017 50 10 685 | 118 8.3 6.1 12
(n=164)
Garcia 0 5 (2%) 6.24 0.81 29 7.6 8.7
20183 25 5 (16%)
(n=401) 50 5 (5%)
Garcia 0 10 (4%) 6.15 0.9 36 8.8 10.7
20183 25 10 (63%)
(n=401) 50 10 (9%)
Farnia 25 10 (50%) 6.5 1.0 27 7.0 **15.8
2018* 5
50 10 (50%) 6.3 1.1 27 5.9 8.3
(n=240)

Table 17 Studies using 50% glucose in treatment of hyperkalaemia.
*p< 0.5; **p=0.11
NI ¢ not included as study reported tHewest serum Klevel achieved in the 12 hours following treatment.

Glucose without Insulin

Theoretically, administering glucose alasteould stimulate insulin release and reduce the risk of
hypoglycaemia and some studies have showstadrering of 0.20.6 mmol/l with this approach® Chothia

et al showed a reduction in serum K+ was 0.83 mmol/l (ingllinose group) compared with®mmaol/|
(glucoseonly group):® However, endogenous insulin levels are unlikely to rise to the necessary therapeutic
level to cause a rapid, reliable and clinically useégree of K+ shift into celt$® This approach also risks a
paradoxical worsening of hyperkalaemia by é¢ags shift of K+ out of celf8** This strategy is not
recommended.

Other risk factors

Several risk factors have been identified that may contribute to hypoglycaemia after ighidivse
treatment. Patientrelated factors are listed below in Table 18. Insulin has a longefifiesiih patients with
renal failure making thermore at risk of hypoglycaemi4>> The reported incidence of hypoglycaemia in
patients with ESRD is up 38%'% ?° ?Treatmentrelated factors include the dose of insulin and dose of
glucose used.
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Potential risk Factors for latrogenic Hypoglycaemia

Patientrelated:

Low pretreatment blood glucose

Renal impairment (AKIl, CKEB4ESRD)

Low body weight

Older age

Non-diabetic status (no prior history and no diabetic medication)

Treatmentrelated:
| ASK LyadzZ Ay R2aS NBIAYSY 0 X wmn
[ 26 Df dz0O2aS R24S NBIAYSY 66X wp3

Table 18: Risk Factors for Hypoglycaemia followtrggatment with InsulinGlucose

Most of the patientrelated factors are not modifiable with the exception of the baseline blood glucose.
Based on the available studies, a {reatment blood glucose < 7 mmol/l appears to be the threshold for
identifying paients potenially at risk of hypoglycaemid* *® %5 Both treatmentrelated factors are
modifiable.

Tailoring the treatment protocol to address one or more of these risk factors will increase complexity and
likely affect atherence as seen in tweports”* ?° However, a single protocol to fit all will continue to risk
hypoglycaemia.

Summary

Historical evidence has guided the development of previous guidelines with the conventional regimen of 10
units soluble insulin with 25g glucose besigndard practice for decade®:®” *The incidence of
hypoglycaemia following this treatment regimen remains high, therefore recent studies have been
comprehensively reviewed to determine if a change in practice is warranted. Unfortunately, the available
evidence is limited by small cohort sizes in the early prospective studies, retrospective design in recent
studies and use of multiple insulgiucose treatment regimens.

The risk of hypoglycaemia is increased in patients without diabetes and in patignta pretreatment

blood glucose < 7 mmol/l. In a sigipoup of patients without diabetes, hypoglycaemevdloped in 7.9%
within 1 hour?* Reducing the dose of insulin alone is insufficient to reduce hypoglycaemic events which
remains at 8.719.7% with lowdose insulin, although it does appear to reduce the incidence of severe
hypoglycaemia in some studies. There appears to be more evidleatacreasing the dose of glucose more
consistently reduces hypoglycaemic events with the larger studies (with efficagyréabrting rates of 6-1
8.3%%%

The method of administration of glucose may be important. LaRue et al attempted sequestal af 25¢g
glucose (i.e. second dose after 1 hour and third dose after 3 hours if the blood glucose < 3.9 mmol/l), but
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non-adherence to the protocol resulted in a lower doseghfcose administered (3439g)?* Coca et al
administered 50g glucose withsulin over a 4our infusion and reported a low rate of hypoglycaemia
(6.1%) and the lowest rate of severe hypoglycaemia (1.2%), but this stdesys assessment of efficaty.
Another approach is the initiation of a continuous infusion of 10% geuab80ml/hr following initial

treatment with 25g glucosé®* If the infusion is given over 5 hours (25g), this would deliver a total glucose
dose of 50g. This method allows continuous delivery of glucose throughout the risk period for
hypoglycaemia,itration of the infusion guided by blood glucose level and avoids the transient
hyperglycaemia after a 50g glucose dosing.

Achieving a lower hypoglycaemic rate without compromising efficacy is the ultimate goal. Although most
studies have shown that reding the dose of insulin does not appear to compromise efficacy, two reports
have highlighted a dosdependent effect with 10 units insulin showing greagiicacy than 5 units

insulin?* ?’There also appears to be a trend for greater efficacy with asirey severity of hyperkalaemia in
patients treated with 10 units insulin.

These observations raise potential concern for the treatment of patients with potentialthtiéatening
hyperkalaemia. The standard muttiodal approach to treating hyperkalaesinay not be feasible in critical
illness and in cardiac arrest, leaving insglincose as the main therapeutic option. On balance, the risk of
sub-optimal K+owering treatment appears to ouweigh the risk of hypoglycaemia in the setting of-life
threatening hyperkalaemia. Further study is required before a reduction in insulin dosage to 5 units can be
recommended.

The KDIGO statement (2019) on the management of acute hyperkalaemia acknowledges that there is limited
evidence, but has recommended the admsimation of 5 units in place of 10 ugitnsulin® This document

also advocates other treatment options without a clear evidence base including sodium bicarbonate (if
acidosis present) and diuretics. The implications of this change in dose of inquéitieiots in whom a multi

modal treatment approach may not be feasible (i.e. fmariest or cardiac arrest) does not appear to have

been considered.

The current Renal Association guideline (2020) recommends the use of 10 units soluble insulin with 25¢g
glucose, followed by an infusion of 10% glucose at 50ml/hour for 5 hours (25g) in patients with a pre
treatment blood glucose < 7 mmol/l. This approach is also likely to benefit patients without diabetes and
those with low body weight. Blood glucose monit@iis discussed in Guideline 17.2 and the treatment of
hypoglycaemia shdd follow existing guideline.

Administration will depend on the concentration of glucose solution chosen (Appendix 3B). The use of 50%
glucose has reduced in recent years in vidhe potential risk of extravasatn injury.*° Although 20%

glucose is readily available in most hospitals, the administration of 25g requires 125ml of solution. This
poses a challenge for administration as 20% glucose is generally available in @@@sli(be. 20g). As the
concentration of glucose solution reduces, the volume required to achieve 25g increases (i.e. 50% = 50ml,
20% = 125ml, 10% = 250ml). Volume overload is a potential concern in patients with renal failure. The
choice of solutionmay be influenced by local availability, ease of administration and the volume status of the
patient.
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Insulinglucose protocol for treatment of hyperkalaemia

A Check blood glucose prior to insulin administration.
Give10 units soluble Insulin with 25 glucose.
A Give 10% glucose by infusion at 50ml/hr (25g) for 5 hours in
patients with a pretreatment blood glucose < 7.0 mmol/l
0 target blood glucose: 4.©7.0 mmol/l
U titrate rate of infusion if required

A Monitor serum Kand blood glucose (see treatment algorithm).

A Anticipate and treat hypoglycaemia promptly.

Further research is required with walksigned prospective randomised studies to confirm the optimal
insulin and glucose dosing regimen to maintain afficwhilst avoiding hypoglycaemia. A further area for
study is the use of potassium binders in place of insullicose therapy in moderate hyperkalaemia in the
hospital setting.
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Guideline 16.4.X, Hyperkalaemia: STEP¢ZShift K+ into cells; Salbutamol
We recommend nebulised salbutamol-#0n Y3 A& dza SR | & F R2dz@I yi GKSNI LJ
hyperkalaemia. (1B)

Guideline 16.4.2; Hyperkalaemia: STEP¢ZShift K+ into cells; Salbutamol
We suggest that nebulised salbutamol20 mg may be used as adjuvant therapy for moderate (K-6.8.0
mmol/L) hyperkalaemia. (2C)

Guideline 16.4.3; Hyperkalaemia: STEP¢ZShift K+ into cells; Salbutamol
We recommend that salbutamol is not used as monotherapy in the treatment of severe hyperkalaemia. (1A)

Rationale (Guideline 16.4.¢ 16.4.3)

Salbutamol is a beta adrenoceptor agonist and promotes the intracellular shift-efoy¢ activation of the
NaK+ ATPase puntalbutamol and other betagonists are equally effective givriravenously or by
nebuliser’* The nebulised route is easier to administer and causes feweresidets, such as traor,
palpitations and headach®There are no studies to assess the safety of salbutamol in patients with cardiac
disease, therefore a lower dose and cardiac monitoring is recommended.
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Dose Efficacy
10mg decreases serum'y 0.53-0.88 mmol/l
20mg decreases serum'y 0.66- 0.98 mmol/l

Table 19 Efficacy of Nebulised Salbutamol.

The effect of salbutamol is dosependent as shown above in Table 19. The onset of action is within 30
minutes and duration of action is for at least 2une as shown below in Tat#2®2 > ®'* The peak effect of
10mg nebulised salbutamol is seen at 120 minutes and at 90 gsrfat the 20mg nebulised do8élhe
degree of potassium lowering is variable and4®¥ of patients have a déne in serum K+ < 0.5 mmolft.

Thecombination of salbutamol with insuliglucose is more effective than eitheeatment alone® **The

peak K+ lowering effect with combination therapy at 60 minutes was 1.5 mmol/Lintiftvénous beta

agonist therapy’and 1.2 mmol/L witmebulised betaagonist therapy. Mild hyperglycaemia (2 mmol/L

increase) has also been reported and this may partly protect against Hisdlined hypoglycaemia.

STUDY N Dose of Mean Peak Time of Duration
Salbutamol | initial K* reduction | max action| of Effect
(mmol/L) in K (min)
(mmol/L)

Allor’ 10 10 mg 5.93 0.62 90 >120

1989

Allon’ 8 10 mg 4.29 0.53 60 >60

1996

Liodf 17 10 mg 5.8 0.88 90 >60

1994

Montoliu** 10 15 mg 6.5 0.9 30 >360

1990

Kinf 9 15 mg 5.99 0.57 60 > 60

1997

Allor? 10 20 mg 5.81 0.98 90 >120

1989

Allor? 12 20 mg 5.56 0.66 60 >60

1990

McCluré 11 2.5/ 5 mg* 5.9 0.61 30 >300

1994

Mandelberg™ 17 12001y 5.5 0.4 60 ns

1999 (via MDS)

Table 20 Studies investigating efficacy okbulisedsalbutamol in hyperkalaemia.

*children (aged 5L8years)
ns¢ not stated
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Salbutamol may be ineffective in some patients with hyperkalaemia-détective beteblockers may
prevent the hypoklaemic response to salbutam@lUp to 40% of patients with end stage renal disease do
not respond to salbutamol anithe mechanisnfor this resistance is unknowh? Given its variable efficacy,
salbutamol should therefore not be used as monotherégntreatment of hyperkalaemia.
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Guideline 16.5 Hyperkalaemia: STEEIft K into cells; Sodium bicarbonate
We suggest that intravenous sodiusicarbonate infusion is not used routinely for the acute treatment of
hyperkalaemia. (2C)

Rationale (Guideline 16.5)

There is currently insufficient evidence to support the routine use of intravenous sodium bicarbonate for the
acute treatment of hyperkalemia. Almost all of the available evidence comes from studies performed in
stable chronic haemodialysis patients. When compared with othdoWering regimens, sodium

bicarbonate monotherapy fid to lower serum K+ acutely.Although, some studies ke suggested
bicarbonate may increase the efficacy of otherréggies, such as insuliflucosé ®and salbutamd| others

have not demonstrated any additional benefit from bicarbonate administratitnen added to insulin

glucosé or salbutamat ® The ombination of all three treatments was the most effective strategy in one
study®

Prolonged administration of sodium bicarbonate may lower K+, btiteaexpense of a sodium loddh

randomised controlled trial conducted by Jaber et al assessed the effasing hypertonic sodium

bicarbonate (4.2%) in critically ill patients with severetabolic acidosis (pH < 7.2)There was no

difference in the primary outcome (composite of death from any cause by day 28 or 1 organ failure at day 7),
however the biarbonate group had significantly lower K+ levels and a lower requirement for renal
replacement therapy. A recent retrospective study of the use of bicarbonate infusion in patients with sepsis
reported improved survival in the stgroup of patients with seere acidosis a®ciated with AKI stage 2 or

3°

There is no evidence to suggest that sodium bicarbonate is more effective at lowering serum K+ as the
severity of metabolic acidosis increases. Changes in serum K+ did not correlate with basal yddiseseof
bicarbonate or blood pf? There is also no evidence to suggest that sodium bicarbonate is more effective in
patients as the sevéy of hyperkalaemia increasésNevertheless, a recent report advocates the
administration of hypertonic sodium bicasbhate (100250ml 8.4% solution) in patients with metabolic
acidosis (pH < 7.2) or in patients in whom intravenous calcium is deemed to be oditiged (e.g.
hypercalcaemia)?

Overall, the available evidence is limited and may not reflect the clinical response in patients with
hyperkalaemia in the context of acute kidney injury. The use of sodium bicarbonate comes with the risk of
sodium and fluid overload and the risks mayweigh any potential (unproven) benefits in this patient

group. The use of sodium bicarbonate in hyperkalaemic cardiac arrest is discussed in Guideline 24.3.
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Guideline 16.6.X Hyperkalaemia: STEP¢Remove K+ from body; Potassium binders
We recommend that Sodium Zirconium Cyclosilicate is used as an option in the emergency management of
acute lifethreatening @ LISNJ | € F SYA 0&SNHzY Yb % c®p YY2ftkfOd OW

Audit Measures
1. ¢KS LINRPLRNIA2Y 2F LI GASyida gAGK | Odzi S
Sodium Zirconium Cyclosilicate.
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Rationale (Guideline 16.6.1)

Until recently, there had been no neadvances in treatment of acute hyperkalaemia for decades. Sodium
Zirconium Cyclosilicate (SZC) is a-absorbed potassium binder that preferentially exchanges H+ and Na+
for K+ and ammonium ions throughout teatire gastrointestinal tract. The K+binding capacity of SZC is up
to 9 times greater than that of SPS.

The SZC clinical trials have been discussed in detail in GuidelindIDdnd include three RCTsgBand

one open label clinical trial.[6] Major limitations are that all studies widormed in the stable out

patient setting and the threshold for treatment was lower than standard practice with few patients having a
ASNHzYy Yb % cdn YY2fkf ®
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Acute Phase ZS003[4] ZS004[5] ZS005([6]
24 hours 66% 66%
48 hours 86.4% 88% 75%
72 hours 78%

Table 21: Proportion of patients taking SZC 10g three times dailyieving restoration of normokalaemia
(K 3.55.0 mmol/l) during acute phase.

SZC provides a potential option for treating severe acute hyperkalaemia for several reasons. It has a rapid
onset of action within 1 hour: The median time to normalisation sérum K+ is 2.2 hours and SZC lowers
serum Kby 1.1 mmol/l within 48 hours.The Z®03 and Z$04 trials also demonstrated a greater-K+
lowering effect with increasing severity offrerkalaemid’: > In patients with a serum K+ > 6.0 mmol/l, SZC
lowersserum K+ by 1.5 mmol/l within 48 hours. The efficacy of SZC over the fir&tt2durs (Table 21),
demonstrates that 66% of patients achieveormokalaemia within 24 hours?

NICE has approved the use of SZC as an option in the treatment acuhidgatening

hyperkalaemia alongside standard care in hospitalised patients.

NICE has approved SZC as an option in the treatment of acutieréfgening hyperkalaemia alongside
standardcare in hospitalised patientGiven the lack of evidence of SZC in the acute setting, NICE assessed

its efficacy in patients with clinically relevant hyperkalaemia. The number of patients with a serum k+ of 5.5
5.9 mmol/l was 38.8% in W4 andd5% inZ@np ® ¢ KS ydzYoSN) 2F LI GASyGa oA
in ZS004 and 16.8% in ZW5. A posthoc analysis ofthe ssB NR dzLJ 2 F LI GASyiia @6AGK Y
ZS004 and Z905 studies showed that most patients treated with SZC achiavedum K+ between 4:6.0

mmol/l.”

¢KS GNBI GYSy i -GIKKNES ZIKS2yTAR IF2 NG 8WISANG S € | SYA A& | aSNd
times daily can be used for up to 72 hours (correction phase), but if hyperkalaemia is not controlled by this
time, it should be discontinued. NICE concluded that randomised evidence demonstrating improved survival
was not needed in the context of treating lifiereatening hyperkalamia in emergency circumstancé§he
costeffectiveness analysis suggested that SZ@date hyperkalaemia is a good use of NHS resources.
Following the correction phase, the pharmaceutical company marketing authorisation suggests maintenance
therapy with SZC. The starting dose of 5g daily may kéraped to a maximum dose of 10ggily or down

titrated to 5g alternate days with #naim of preventing recurrenceHowever, maintenance treatment is

not consistent with current clinical practice and there is no evidence for this in the acute setting at present.
Treatment with SZC bewd the first 72 hours (correction phase) will be guided by clinical circumstances.
Further research in the acute setting is required to demonstrate the need for maintenance therapy.
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The ENERGIZE trial is an ongoing Phase 2 (NCT0333747-6emtdtrardomised, doubleblind placebo

controlled study to evaluate SZC as an adjunct to ingllinose in treatment of acute hyperkalaenfida

normalisation of serum K¥The primary outcome is the mean absolute change in serum K+ from baseline

unti 4 hoursafttd &G F NI Ay 3 { %/ k LI OSo62d ¢tKS aiddzRe gAff A
f 0K2dZAK GKA& Aa 0St2g 0(GKS OdzZNNEB Yy l-glicoss [Patiehg will beli K NS .
randomised to receive SZC 10g three times daily ovéwol@s (at 0, 4, and 10 hrs) or placebo during the

treatment period of 24 hours alongside standard care with insulin (0.1 units/kg) and glucose 25g.

Further study is warranted to determine whether SZC could be used as an alternative toghstdise in

patients with moderate hyperkalaemia. The main advantage of this strategy would be reducing the risk of
hypoglycaemia in patients who are at a lower risk of arrhythmias.
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Guideline 16.6.2; Hyperkalaemia: STEP¢Remove K+ from body; Potassium binders
We suggest that Patiromer is an option for the emergency management of acutieréfetening
KELISNJFEFSYAL 0aSNMzy Yb X cdp YY2fkfod 6m/ 0

Audit Measures
1. ¢KS LINPLRNIAZ2Y 2F LI GASYyda sAGK | Odz2iS aSOSNB K
Patiromer.
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Rationale (Guideline 16.6.2)

Patiromer is a novel potassium binder that has been discussed in detail in Guideli®e3. Alrole for
patiromerin the acute setting has not been investigated as all major clinical trials were performed in stable
out-patients’® The onsebf action is slow (& hours)’therefore its contribution to rapid control of serum
potassium (within the first 4 hours) may timited in the acute setting. Patiromer also has the potential to
bind to some ceadministered drugs, therefore it cannot be taken wittdi hours of other medicatiorfs.
However, patiromer is generally better tolerated than calcium resonium.

The key ewence for clinical effectiveness was derived from the GRKIstudy which demonstrated a
reduction in serum K+ by a mean of 1r@inol/l after 4 weeks (Phase 1Yhe mean serum K+ was 0.72
mmol/l higher in patients who were withdrawn compared with thoseoniemained on patiromer (Phase 2).
The patiromer studies initiated treatment at a lower threshold compared with routine medical practice.
Given that most patients did not have clinically significant hyperkalaemia, the efficacy of patiromer in the
contextof life-threatening hyperkalaemia is not known.

The first study to assess the efficacy of patiromer in the acute setting was a pilotvgthdyan Emergency
Department® This was a singleentre randomised opefi 6 St adGdzRe 2F LI GASyida oA
6.0 mmol/l. Patients were randomised receive standard care (n=15) or standard care plus a single dose of
patiromer 25.2g (n=15). Patients treated with patiromer showed a significantly lower serum K+ at 2 hours
(6.51 mmol/l vs 5.9 mmol/l, p=0.009), but there was no difference in serum &Haurs (6.32 mmol/l vs

5.81 mmol/l, p=0.155) compared with standard care.

NICE has approved the use of patiromer as an option in the treatment acute life

threatening hyperkalaemia alongside standard care in hospitalised patients.

NICE has approved patiromer for treating patients withtlifieeatening hyperkalaemia alongside standard
medical therapyncluding insulin and glucosd2atiromer should not besed instead of standard treatment,

but could replace calcium resonium. Although the dosing regimens in clinical trials were twice daily, the FDA
and NICE have approved patiromer for single daily dosing only in view of the potential risk of drug
interactions.

References

1. Weir, M.R., et alPatiromer in patients with kidney disease and hyperkalemia receiving RAAS
inhibitors N Engl J Med, 201372(3): p. 21121.

2. Pitt, B., et al.Evaluation of the efficacy and safety of RLY5016, a polymeric potassiuen, lnnal
doubleblind, placebecontrolled study in patients with chronic heart failure (the PEARLtrial Eur
Heart J, 201132(7): p. 8268.

3. Bakris, G.L., et aEffect of Patiromer on Serum Potassium Level in Patients With Hyperkalemia and
DiabeticKidney Disease: The AMETHBNTRandomized Clinical TridhAMA, 2015314(2): p. 151
61.

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 99



THE RENAL
ASSOCIATION

founded 1950

4. Bushinsky, D.A., et aPatiromer induces rapid and sustained potassium lowering in patients with
chronic kidney disease and hyperkalenkianey Int, 20188(6): p 14271433.

5. Pergola, P.E., et aPatiromer Lowers Serum Potassium When Taken without Food: Comparison to
Dosing with Food from an Opémabel, Randomized, Parallel Group Hyperkalemia SArdyJ
Nephrol, 201746(4): p. 323332.

6. Pitt, B., et al.Evaluaton of an individualized dose titration regimen of patiromer to prevent
hyperkalaemia in patients with heart failure and chronic kidney disdaS€ Heart Fail, 20B83): p.
257-266.

7. Vifor Fresenius Medical Care Renal Pharma UK. Veltassa (PatiromeR:1AGummary of Product
Characteristicsvww.ema.europa.eu/en/documents/produdahformation/veltassaeparproduct
information/en.pdf

8. Rafique, Z., et alRatiromer for Treatment of Hyperkalemia in the Emergency Department: A Pilot
Study Acad Emerg Med, 202P7(1): p. 5460.

9. National Institute for Health and Care ExcellenBatiromer for treating hyperkalaemia. Technology
appraisal guidance [TA623]. February 2@20w.nice.org.uk/guidance/TA623

Guideline 16.6.3; Hyperkalaemia: STEP¢Remove K+ from body; Catieexchange resin
We suggest that calcium resonium is not used in the emergency mareagef severe hyperkalaemia, but
may be considered in patients with moderate hyperkalaemia. (2B)

Rationale (Guideline 16.6.3)

Cationexchange resins, sodium polystyrene sulfonate (SPS) or calcium polystyrene sulfonate (CPS) are cross
linked polymerswith negatively charged structural units which entraps K+ in the distal colon in exchange for
Ca2+. The most common resin used in hospitals in the UK is CPS, @aloiniom®. The onset of action is

slow (> 4 hours) and efficacy is unpredictable exaidtis use in emergencies. Itis also poorly tolerated due

to taste and constipation. The most serious adverse effersifis is intestinal necrosis.

Evidence in support for the use of catierchange resins in the treatment of hyperkalaemiaeiy Vimited

and these drugs were approved before evidet@sed practice was establish&dlt is unclear whether the
resins have a Klbwering effect in isolation or whether this is caused by the induction of diarrhoea by
cathartics. Multiple doses amequired over several days, with the effect on lowering theusn K+ noted

over 1 to 5 day§.” The Cochrane Review for the acute management of hyperkalaemia included no studies
on resins.[8] Resins play no role in the emergency mamant of severe hypkalaemia® ° The use of resins

in chronic hyperkalaemia is discussed in Guideline 8.1.

Resins may be considered in patients with moderate hyperkalaemia in the acute setting (with no or mild ECG
changes) where slower reduction in serumrKay notcompromise the patient.Nasir et al demonstrated

equal efficacy of SPS and CPS in lowering serum K+ owtaygp@riod in patients with CKI® Resins may

also be used in combination with other strategies (i.e. insglitose, low K+ diet), as an altative to

treating patients who are poor candidates for dialysis, or when dialysis is delayed.
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Blood monitoring (Guidelines 17:17.2)

Guideline 17.1.X Hyperkalaemia: STEP-8lood monitoring; serum potassium

We recommend that the serum K+ is monitored closely in all patients with hyperkialderassess efficacy
of treatment and to monitor for rebound hyperkalaemia after the initial response to treatment wanes. (1B)

Guideline 17.1.Z, Hyperkalaemia: STEP-8lood monitoring; serum potassium

We suggest that serum K+ is assessed at leas#4] 62and 24 hours after identification and treatment of
moderate or severe hyperkalaemia. (2C)

Audit measures
1. The proportion of patients in whom serum K+ was measured at least once within 2 hours of
treatment for severe hyperkalaemia [Audit Standard: 100%].

Rationale (Guidelines 17.1417.1.2)

The timing for assessing response to treatment is guided bgrtiset of action and duration of action of K+
lowering drugs. Insuliglucose infusion and nebulised salbutamol are the most effective treatments in
reducing serum K+ levels in current practice. The time to peak effect with hggutimse ranges from 360
minutes® and for nebulisedalbutamol from 30 minutes™  *® Therefore, the combined effect of these
drugs can be assessed betweenr@®Dminutes after treatment. Their effects last for up t&4ours® The
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onset of action of the potassium hiers vary. Sodium zirconium cyclosilicate (SZC) works within 1 hour and
the median time to normalistion of serum K+ is 2.2 hoursPairomer works within 47 hours'?

The aim of treatment is to achieve rapid control with a serum K+ < 6.0 mmol/L wittdarg of initiation of
treatment. The peak efficacy of three of the-Kbwering drugs can be assess & hours. Therefore,
measure serum K+ at 1 and 2 hours after initial treatment to determine if the K+ level has decreased
sufficiently.

Further monibring at 4 and 6 hours is required to assess for any rebound in serum K+ as the effects of
insulinglucose and salbutamol wears dff:’ The use of potassium binders may lower this rebound
phenomenon and may provide better control of hyperkalaemia beyiaiil acute treatment. Measure the
serum K+ at 24 hours to ensure that control of hyperkalaemia has been maintained.
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Guideline 17.2%; Hyperkalaemia: STEP-8lood monitoring; blood glucose

We recommend that the blood glucose concentration is monitored at regular intervals (0, 15, 30, 60, 90, 120,
180, 240, 360, 480 and 720 minutes) up to 12 hours after administrafiosolinglucose infusion in all
patients with hyperkalaemia. (1C)

Audit measure
1. The proportion of patients who have at least one blood glucose test performed within 1 hour of
completion of insulirglucose infusion [Audit Standard: 100%].
2. The frequencyf hypoglycaemia occurring in patients receiving treatment with insgilicose for
hyperkalaemia.

Rationale (Guideline 17.2)

Hypoglycaemia, defined as a blood glucose of < 4.0 mmol/L, is the most common adverse event following
insulinglucose infusiondr the treatment of hyperkalaemi&® Even mild hypoglycaemia is associated with

an increased risk of mortality in hospitalised patients.[6] Severe hypoglycaemia, is definbbagd glucose

of < 2.8 mmol/%*

The clinical manifestations of hypoglycdartend to be progressive, but the early signs are not always
detected. Mild hypoglycaemia often presents with sweating, palpitations, tremor and hunger. Severe
hypoglycaemia results in more serious symptoms inclydionfusion, coma or even deatheimpact of
hypoglycaemia is independent of diabetic status and adverse outcomes have been shown in patients with
diabetes mellitus or without diabete$® One mechanism by which hypoglycaemia may be detrimental is by
reducing myocardial blood flow in patits with diabetes agh as well as in healthy adufts?

latrogenic hypoglycaemia is a significant patient safety concern, therefore should be anticipated with regular
blood glucose monitoring. Risk factors for hypoglycaemia are shown in Table 1jr@ul®.3. The

incidence of hypoglycaemia appears to be lower in patients treated with 50g vs 25g glucose as initial
treatmentas discussed in Guideline 16'3.

The majority of hypoglycaemic events occur between 2.0 to 3.5 hours after kydudiase infison (Table

12; Guideline 16.3).* > 2 Apel et al demonstrated that 75% of hypoglycaemic episodes occurred within 3
hours of insulin administration (median 2 hours) armaigist for a median of 2 houfsHowever, in patients
without diabetes, hypoglsaemia may occur within 1 hott. The risk of hypoglycaemia persists for as late as
6 hours afte administration of IV insulih.* > ** **The Joint British Diabetes Societies for inpatient care has
advised blood glucose monitoring for 12 hours after insglincose infusion for treatment of hyperkalaemia:

at least 3 times in the first hour followed by at least 6 further measurements over the subsequent 11 hours.
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Recent studies suggest that variablestet to treatment (dose of insulin, dose of glucose) and the baseline
clinical parameters (e.g. ptteeatment glucose) have a greater influence on the rate of hypoglycaemia than
non-modifiable baeline patient characteristics® Therefore, this is a gentially preventable adverse

event.

The current guideline recommendation provides an increased glucose dose to the patients

anticipated to be at the greatest risk of hypoglycaemia (i.e-tpratment blood glucose < 7.0 mmol/l). This
criteria will likey overlap with other patient groups at risk including patients with low body weight, advanced
age or renal failure. Frequent blood glucose monitoring remains the cornerstone of preventing
hypoglycaemia.
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Treatment of hyperkalaemia in haemodialysis patients (Guidelines 18814)

Guideline 18.1- Hyperkalaemia: Treatment in haemodialysis patients

We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) receive
dialysis treatment urgently. (1A)

Guideline 18.2 Hyperkalaemia: Treatment in haemadliysis patients

We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ 1 6.5 mmol/L) and toxic
ECG changes be treated with intravenous calcium salt to reduce risk of arrhythmias even when dialysis is
immediately available. (1C)

Guiceline 18.3- Hyperkalaemia: Treatment in haemodialysis patients

We recommend that haemodialysis patients with severe hyperkalaemia (serum K+ @ 6.5 mmol/L) be treated
with standard medical therapies to lower serum potassium if dialysis is not immediatailable. (1B)

Guideline 18.4 Hyperkalaemia: Treatment in haemodialysis patients

We suggest that potassium binders may be considered to reduce the risk of hyperkalaemia during the inter
dialytic period. (1B)

Audit measures
1. The incidence of patients gairing emergency dialysis for severe hyperkalaemia.

Rationale (Guidelines 18.4 18.4)

Haemodialysis (HD) patients have a high risk of hyperkalaemia. Hyperkalaemia has been found to be a
significant factor contributing tanortality in dialysis patient§® and was shown to beesponsible for $% of
deaths.™ *Factors contributing to hyperkalaemia in HD patients are summarised in Table 22. The risk of
hyperkalaemia in longterm HD patients is influenced by dietary K+ intake, frequency and duralialy$,
blood glucose level and constipatio.

The most common time for hyperkalaemic events in HD patients is immediately afterdine \Beekend

break (i.e. Mondays for patients dialysed on Mon/Wed/Fri or Tuesdays f@msatdialysed on

Tue/Thu/S8."> ' The long interdialytic break alsoarrelates with hospitalisatior?” **and mortality in HD

patients’® ¥ The PORTEND (Potassium and Cardiac Rhythm Trends in MainENance HemoDialysis)
observational study in the USA showed an incidenqa®tlialysis hyperkalaemia (K+ > 5.0 mmol/l) after
thelonginterRA L £t @ GAO AYUSNBIE 2F om: AY LI GASyGa RAIFE&a)
21% in patients dialygid 2y | RA I f &% Thé 9K Rénal Assocmbiol GlificalfBee Guideline

on Haemodialysis (2019) recommends an optimalgiadysis serum K+ the range of 4.@ 6.0 mmol/I*
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Factors contributing to hyperkalaemia in Haemodialysis patients:
1 Duration since last dialysis session
{1 Dietary Kintake
{ DialysateK concentration
1 Problems with dialysis accesgoor blood flow, recirculation
1 Poor dialysis adequacy
1 Medication
91 Diabetic statug glycaemic control
1 Constipation
1 Compliance poor attendance, shortened treatment time

Table 22: Factors associatevith an increased risk of hyperkalaemia in HD patients.

Dialysis: Dialysis is the definitive treatment for hyperkalaemia in patients receiving longterm HD. In one

report, hyperkalaemia was the reason for emergency dialysis 24% of thertitheii mantenance HD

program® 1! £ § K2dz3K  RSANBS 27T VYibeendidaedisHD patientSherd IS N | £ |
remains a risk of arrhythmias, cardiac arrest or sudden death in HD patients with severe hyperkalaemia.

Each HD session removagsproximately 70¢ 100 mmol K#° The dialysate K+ concentration determines

the rate of K+ removal. Serum K+ concentration typically falls by 1 mmol/l during the first hour of dialysis
when the gradient between the serum and dialysate K+ is highest, thémbyol/l over the next 2 hour$’

The serum K+ reaches a steady state during the last hour of the treatment. The choice of dialysate fluid is
guided by the severity of hyperkalaemia as shown below in Table 23. The use of a 1 mmol/l K+ dialysate
fluid is poterially associated with amcreased risk of arrhythmigStherefore telemetry and close

monitoring of K+ level is essential. An alternative approach is the uszjoéstial dialysis sessioffs.

Pre-dialysis serum K | DIALYSATE RONCENTRATION (mmol/l)

(mmol/l) CHRONIC HAEMODIALYSIS

4.5¢55 20r3

(based on individual trend)

5.6 8.0 2

>8.0 1

(telemetry + 30min Kchecks; switch to 2 mmol Kvhen serum K< 7)

Table 23: Dialysate K+ prescription in chronic HD patients.[22]
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Bridging to dialysis initiation:Intravenous calcium reduces the risk of arrhythmias (Guideline 16.2),

therefore is warranted in patients with severe hyperkalaemia and toxic ECG changes even if dialysis can be
established quickly. More frequently, dialysnay not be immediately available and temporising measures

will also be necessary. Drugs used in lowering the serum K+ may have a variable effective in HD patients.
Fortunately, the K-4owering effect of insulin is preservéa patients with renal failre ”® but these patients

are more prone to hypoglycaemia. Although some studies have suggested a lower dose of insulin in treating
patients with poor renal functiof* *a pretreatment blood glucose < 7 mmol/l was the most consistent risk
factor for hypoglycaemia (Guideline 16.3). The effectiveness of salbutamol may be reduced, with studies
demonstrating up to 40% of patients with ESRD appear to be resistant to the hypokalemic effect of
salbutamol, even those whaeanot receiving betdlockers® 2’ Medical therapies provide a bridge to

dialysis initiation, but a gradual rebound in hyperkalaemia should be anticipated.

Inform the Renal Team immediately if a dialysis patient presents with

hyperkalaemia as medical treatments will only temporarily cootrK’ level.

The use of drugs to shift K+ from the exti@intracellular space reduces serum K+ without reducing the

total body K+. This transcellular shift is thought to reduce the amount of K+ available in the serum to be
removed during HD. Drivext al conducted a retrospective study (n=479) in patients presenting to the
Emergency Department with hyperkalaemiho subsequently underwent H19 Shifting medication was
administered in 50% of patients. Recurrent hyperkalaemia within 24 hours ocdénrg@ds of patients who
received shifting drugs versus 18% in those who did not. Repeat HD within 24 hours was required in 30% of
patients who received shifting drugs and 25% in those who did not. The authors concluded that transcellular
K+ shifting befar emergent dialysis is not associated with recurrent hyperkalaemia or need for multiple HD
sessions, however it is noteworthy that the median time from drug administration to start of HD was 4.2
hours (2.58.4 hours) and the effect of drugs may have woff o

Prevention:Until recently, the options for preventing hyperkalaemia in HD patients has been limited to
dietary K+ restriction and low K+ dialysate solutions. Novel potassium bindeonvéde an additional
strategy?® Patiromer and SZC may hetpdontrol serum K+ levels in patients treated with less frequent HD.
Selection of patients for this strategy is important as poor adherence to medication and diet could have
potentially serious consequences.

Patiromer: Three studies have investigatelkt use of ptiromer in HD patient$>** Kovesky et al

demonstrated that patiromer reduced serum K+ by an average of 0.5 mmol/l and in HD patients with severe
KELISNJFEFSYAF o0Yb x c®dp YY2fikf0oX GKS NBERdzition 2y &I .
of patients with severe hyperkalaemia in this study was reduced by approximately 50%. Similarly, Chatoth et

al showed a reduction in the number of hyperkalaemic events and hospitalisation iatiéDtg treated

with patiromer? Bushingsky etlgperformed an inpatient study of only 6 HD patients showingaificant

decrease in serum K% Given that patiromer uses Ca2+ as the counter exchange cation for K+, there is a
potential risk of increased vascular calcification. Phosphate bindersgeeerally withheld during

patiromer trials, therefore these factors may have implications for longterm management in dialysis

patients.
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The TWOPLWJSD trial [NCT03740048] is an ongoing pilot trial of twice versus thrice weekly HD in patients
with incidentESRD to investigate whether patiromer ¢ave a dialysisparing effect® Patients

randomised to twicewveekly regimen will receive a loop diuretic and sodium bicarbonate with the addition
of patiromer if they develop hyperkalaemia during the 6 week gtperiod.

SZC:The DIALIZE trial was a Phase Illb RCT (NCT03303521) designed to evaluate SZC in controlling
hyperkalaemian haemodialysis (HD) patient&This is the first randomised, doublidind, placebo

controlled trial to assess a potassium bindeHD patients. The primary emabint was the proportion of
patients who maintained prelialysis serum K+ of 4¢06.0 mmol/l during at least 3 long interdialytic periods
over the 4week evaluation period that followed dose titration. The study demonsttat significant

reduction in predialysis hyperkalaemia at the highest risk period (41.2% vs 1.0% in the placebo arm) and a
reduction in need for emergency treatment for hyperkalaemia (2.1% vs 5.1% in placebo arm).
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Referral to specialist services and@&alation of care (Guidelines 19119.6)

Guideline 19.1- Hyperkalaemia: Specialist Referral

We suggest that patients with severe hyperkalaemia (serum K+ & 6.5 mmol/L) be referred to their local renal
or critical care team for an urgent opinion, guided by the clinical scenario and its persistence after initial
medical treatment. (2C)

Guideline 19.2 Hyperkalaemia: Referral to critical care services

We recommend thafor patients with severe hyperkalaemia, and where there is no provision of renal
services on site, referral is made to the local critical care team in the first instance, guided by the clinical
scenario and established local policies. (1C)

Guideline 193 - Hyperkalaemia: Escalation of care

We recommend that patients are referred to the critical care team by a senior member of the referring team
if escalation of care is required from the outset or if the patient fails to respond to initial treatmesit. (1

Guideline 19.4 Hyperkalaemia: Treatment facilitiesCritical care

We recommend that patients with severe hyperkalaemia and problems with airway, breathing, circulation
and/or conscious level, be referred to the local critical care team initbeifistance. (1C)

Guideline 19.5; Hyperkalaemia: Treatment facilitieg Ward, Enhanced Care or Critical Care area

We recommend that stable patients with severe hyperkalaemia be admitted to an area with facilities for
continuous cardiac monitoring whicare sufficiently staffed to support clinical monitoring and treatment,
including an acute medical unit, renal unit, coronary care unit, enhanced care area, or critical care unit (HDU
or ICU) depending on local facilities or practice. (1C)

Guidelinel19.6¢ Hyperkalaemia: RRT in treatment of hyperkalaemia in acutely unwell patients.

We recommend that the decision on timing, suitability and modality for initiation of RRT in patients with life
threatening hyperkalaemia, either from the outset or residtiminitial medical therapy, is taken urgently by
a nephrologist or critical care specialist. (1C)

Rationale (Guidelines 19.4.19.6)

Hyperkalaemia may be present on hospital admission or develop during the course of admission due to
acute illness orlgerations in medications. It may be feasible to manage most cases of mild to moderate
hyperkalaemia on a nerenal ward. In many of these cases, hyperkalaemia resolves after treating the
precipitant (e.g. discontinuing a RAASI drug).

Patients with modeaite hyperkalaemia who are at risk of further rise (e.g. oliguria, rhabdomyolysis) and
those with severe hyperkalaemia should be assessed by a senior clinician (i.e. registrar or consultant grade).
Referral to the renal or critical care team should be gditg the cause of hyperkalaemia, level of acuity,
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response to initial medical treatment and availability of services lotdfyrther considerations to guide
escalation of care are the likelihood of survival (e.g. reversible iliness), extent of coryordedurate

assessmentof p 2 ND AR Fdzy QliA2ylt &adlddzaz FyR GKS LI GASYGC
(i.e. ward, HDU or ICU) and resuscitation status should be documented early.

Placement is guided by the level of care required. Thedrfer basic or advanced organ support, including
dialysis, defines the appropriate clinical area. Patients with severe hyperkalaemia require continuous cardiac
monitoring and need to be triaged to an area with these faciltiEshanced care areas haveen

developed in some regions to provide a level of care between high dependency and wardPatiehts

requiring acute RRT (e.g. haemodialysis or haemofiltration) meet the criteria for Level 2 care which can be
delivered in a renal or critical care trPatients receiving a minimum of two organ support (e.g. renal and
cardiovascular or respiratory support) meet the criteria for Level 3 tare.

Severe hyperkalaemia can cause abrupt cardiac arrest, sometimes without warning ECG changes. It is a key
indication for emergency RRWhere a decision has been taken to treat with RRT, it should be performed

with due regard for potential deterioratioh®® The provision of RRT in renal units and ICUs varies across the
country with respect to the timing of iriiétion, prescribed dose, and modality of RRT available.

Conventional intermittent haemodialysis (IHD) is thought to be the most effective method for K+ removal,

but continuous venovenous haemofiltration (CVVH) and continuous-venous haemodiafiltratio

(CVVHDF) are more frequently available in ICUs in tH&Ng#rly 90% of UK ICUs have facilities for RRT.

Traditionally, it has been thought that CVVH is not as efficient as IHD at removing K+ and therefore was not
generally recommended as the filgte extracorporeal therapy in hyperkalaemic patients. However, CVVH
and CVVHDF are acceptable RRT techniques for management of hyperkalaemia, albeit with a slower initial
reduction in serum K+ than with IHD, but followed by sustained correction of elget@mbnormalities?’
Potassium removal with IHD decreases after 2 hours and rebound occurs after dialysis is Stopped.

The main advantages of continuous methods are their potential benefits in haemodynamically unstable
patients, lower risk of rebound Ipgrkalaemia (given the continuous nature and kinetics of solute removal),
ability to tailor K+ removal according to serum K+ measurements and, importantly, the wide availability in
ICUS’
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Minimum standards for patient transfer (Guidelines 2020.2)

Guideline 20.1 - Hyperkalaemia: Transfer to renal services

We suggest that transfer to renal services be considered in clinically stable patients in whom
hyperkalaemia cannot be controlled (i.e. seruinck6.5 mmol/L) using medical measures, particularly
in the resence of advanced or oliguric renal failure (either AKI or CKD). (2C)

Guideline 202 - Hyperkalaemia:Minimum standards forsafepatient transfer
We suggest that any inteor intra-hospital patient transfer is coordinated by senior clinicians and
follows national guidelines. (2B)

Rationale (Guidelines 20.4.20.2)

The most important aspect of patient transfer is ensuring safétyere are three key steps in
optimising patient transfer firstly, to decide if transfer is absolutely necessaggandly, to optimise
the patient prior to transfer; and thirdly, to coordinate and perform the transfer itself.

The decision to transfer the patient with hyperkalaemia will be guided by the availability of renal
services locally. Intrhospital patienttransfer from a ward or emergency department to a high
dependency area, renal unit or ICU within the referring hospital is less complicated, but still requires
good communication and coordination. Cardiac monitoring and resuscitation equipment are elssentia
for the transfer of patients with hyperkalaemia, either within or between hospitals.

Inter-hospital transfer to the nearest renal unit or ICU may be required for definitive management.
This decision must be made by the responsible consultant, in cdiganeith consultant colleagues
from relevant specialities in both the referring and receiving hospftaise timing and urgency of
transfer will be decided by the nephrologist and/or intensivigie decision to accept a transferred
patient should be mael by a consultant in the receiving unit.

Pretransfer stabilisation is essential for all patiehtsollowing appropriate medical therapy for
hyperkalaemia, the response to treatment should be assessed with repeat observations,
biochemistry, blood glue andECG prior to transfelWe suggest that a patient should not, in
general, be transferrebetween hospitals if the serum’ 2 6.5 mmol/L, though other factors (in
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particular, the location of intensive care and dialysis facilities) will occasianadkride this
considerationCritical care review is essential for patients with any concern regarding oxygenation,
ventilation or haemodynamic instability.

Summary of requirements for safe patient transfer:

Decision regarding need for patieinansfer

Review of investigations and treatment and ensure clear management plan

Pretransfer assessment and stabilisation

Good communication between referring team, critical care and receiving teams

Arrangement of ambulance for intdrospital tansfer

Consider staff (medical & nursing), drugs (iv calceatbutamol nebules20% dextrose

in event of hypoglycaemia) and equipment (cardiac monitor/ defibrillator, blood

glucose monitor) required for safe transfer

7. Ensure medical and nursing recerare complete and are kept confidential, as
governed by the Data Protection Act 2018

8. LYT2NY LI GASyGQa NBfFGABSa 2F (NI yatS]

9. Provide ongoing treatment and care as necessary during transfer, including maintg
clinical appropriate records

10. Maintaining m@tient dignity

11. Handover to receiving team

12. Return of transfer staffand equipment

AL S

Table 24 Minimum standards for safe patient transfer.
Adapted from Dunn (200%)FICM guidelines (2019%nd ICS guidelines (20F1)ICE (2017)

The organisation of the patient transfer itself requires a coordinated approach and liaison with the
NBOSA@GAY3 GSIY G2 SyadaNB GKI { ?dHe8s ofla tdisfelJNS LIF NBR ¥
checklist, protocols and skilled staff reduce mortalityhe clinical risk of the transfer and the level of
O2YLISGSYyOS NBIljdZANSR o0& SaO2NIlAy3a aidl¥FF gAatf 0SS 3Idz
Every hospital should have suitable arrangements in place for providing patient transfer including

trained personnel, guipment, and drugs to treat the specific probléntospitals should form

transfer networks to cerdinate and manage clinically indicated transfefRecord keeping is a legal

requirement for all patient transfersClear records should be maintainedaditstages of transfer

AyOf dzZRAY3 (GKS LI GASYyiQa O2yRAGAZ2YS NBFazy F2N 4N
clinical status prior to transfer, during transfer and on arrivalrangements should be in place for

the return of staff and egipment after transfer.The procedure for safe patient transfer is

summarised in Table 27.

Prompt clinical reassessment by the receiving medical team is required following transfer, including
observations, bloods and ECG. Théoitering effect of meital treatment for hyperkalaemia is
temporary (< 6 hours), therefore repeat bloods to assess for rebound hyperkalaemia is important
(Guideline 18.1). The potential for hypoglycaemia up to 6 hours after administration ofinsulin
glucose should be considat and blood glucose checked on arrival.
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Prevention (Guidelines 21.821.4)

Guideline 21.1¢ Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients

We recommend that the neefibr prescribed medication which can cause hyperkalaemia are reviewed in the
context of the current iliness and level of renal function both on and during hospital admission. (1B)

Guideline 21.2; Hyperkalaemia: Prevention of hyperkalaemia in hospitalispdtients
We recommend a low potassium diet for hospitalised patients with moderate or severe hyperkalaemia. (1C)
Guideline 21.3; Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients

We recommend that community blood monitoring is arrangeddischarge for all patients who have
required treatment for hyperkalaemia during hospital admission. (1B)

Guideline 21.4; Hyperkalaemia: Prevention of hyperkalaemia in hospitalised patients

We recommend that the risk of recurrence of hyperkalaemia isiclamed before reinstating previous
medication that may have contributed to the episode. (1B)

Audit Measures
1. The frequency of hyperkalaemia developing beyond 24 hours of hospital admission.
2. The frequency of prescribed drugs potentially contributing to migpaemia.
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Rationale (Guideline 21.& 21.4)

¢KS b/ 9th5 wWSLRNI 6HAnncd0I W RRAY3I LyadzZ i G2 LyadzN
Acute iliness (e.g. sepsis, diarrhoea and vomiting) with systemic hypotension can resulicedreenal

blood flow and ultimately AKI with hyperkalaemia. Patients may present with hyperkalaemia at the time of
hospital admission or it may develop after hospital admission in patients in whom the K+ level was normal

on arrival. Clinicians should béert to the potential development of hyperkalaemia in the context of

intercurrent illness in patients receiving drugs known to exacerbate hyperkalaemia. Early recognition and
treatment of AKI can reduce morbidity and mortality.

Hyperkalaemia often occsrafter hospital admission. A study ofpatients with hyperkalaemia showed that
33.3% of cases delped after hospital admissichMost cases were mild, but 15.4% were moderate or
ASOSNB oYb x cdn YY2fkfoo | Yehal causeiin S0¥.BF $hé&s¢. (Theh Y T 0372
aetiology was often multifactorial, but hyperkalaemia was more common in the elderly and patients with
diabetes and/or CKD. Prescribed medication was implicated in 76% of patients receiving potentially
hyperkalaemiainducirg drugs (e.g. RAASI) and 55% of these patients were taking two or more of such
medicaions.® Furthermore, this study demonstrated that the severity of hyperkalaemia was found to be
significantly correlated (p< 0.01) with the number of potentially hyperadiainducing drugs used

concurrently. Medications frequently implicated in hyperkalaemia are summarised in Table 25.

Hospital acquired hyperkalaemia is common in the elderly, aged 75 years or more. Robert et al investigated
the factors predisposing tthe development of hyperkalaemia occurring 3 or more days after hospital

admissiorin an elderly cohort. Hyperkalaemia developed during 4.5% of hospital admissions and 27% of
SLIAa2RSa 6SNBE O2yaARSNBR aS@OSNEBE oavds angt hypetkalaensiar 2 £ kK £ 0
inducing drugs wer implicated in 80.5% of case®verall, 79.9% of hyperkalaemic events were potentially
avoidable.
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Drugs that affect aldosterone secretion
9 ACE inhibitors
Angiotensin Receptor Blockers
Non-steroidalanti-inflammatory drugs
Calcineurin inhibitors
Heparins
1 Antifungals (e.: ketoconazole, fluconazole and itraconazole)

1
1
1
1

Drugs that block aldosterone binding to mineralocorticoid receptor (MRA)
i Spironolactone
1 Eplerenone
9 Drospirenone

Drugs that inhibifctivity of epithelial sodium channel
I Potassium sparing diuretics (e.g. amiloride and triamterene)
I Trimethoprim; Cerimoxazole
1 Pentamidine

Drugs that alter transmembrane potassium movement
1 1 -blockers
9 Digoxin
9 Intravenous cationic amino acids
I Hyperosmolasolutions (e.g. mannitol, glucose)
I  Suxamethonium

Potassium containing agents
9 Potassium supplements (e.g. Sard®, Kaee L Liquid ®)
i Salt substitutes
1 Herbal medicines (e.g. alfalfa, dandelion, horsetail, milkweed and nettle)
i Stored red blood cells

Table 25: Drugs commonly associate with hyperkalaemia (Adapted from [2, 3]).

Hyperkalaemia is particularly common in patients with CKD. Furuland et al reported hyperkalaemia (K+ > 5.0
mmol/l) in 48.4% of patients admitted with renal impairmemith multiple episodes occurring in 28.8% o
patients with CKD Stage53° The main risk factors for recurrence were decline in renal function, diabetes

and treatment with RAASI drugs. Patients with hyperkalaemia were shown to have a longer duration of
hospital stay and higher mortality risk than those without hyperkalaémia

Pharmacists can also play a role in the prevention of hospiqlired hyperkalaemia during medicines
reconciliation. Reviewing drug therapy and dosage early in the coursespitabadmission, especially in
patients at risk of AKI, allows time to consider if any medications should be withAeld

Dietary intervention is a further preventative measure in hospitalised patients with moderate or severe
hyperkalaemia. Institutionf a low potassium diet may help to control hyperkalaemia and avoid recurrence.
This requires provision of a renal menu and restrictions on food items brought in by family members. A
formal assessment by a renal dietician would ensure appropriate gegdargiven.
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Patients may also be at risk of hyperkalaemia after hospital discharge. Amongst patients who were
normokalaemic and prescribed a RAAS inhibitor on discharge from hospital, 12.3% of patients have been
shown to develop hyperkalaemia duringetbarly period after dischargeRisk increases in the presence of
impaired renal function, use of drug combinations that can exacerbate hyperkalaemia or in patients with a
higher baseline K+ levéPatient education and community monitoring should be liace before hospital
discharge.

Reinstating RAASI or other medication following an acute illness associated with hyperkalaemia is another
important consideration. This decision balances the-bbiskefit ratio and original indication diie drug (e.qg.

heat failure)! It is reasonable to consider4atroduction and retitration of the drug, on recovery, in

patients who previously had stable renal function and Kel&egrior to the acute illness$Whether

treatment is restarted in hospital or intendedhithe community, clear communication with primary care or
specialist clinic (e.g. Heart Failure service) is required on hospital discharge.
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Treatment Algorithm: Hospita(Guidelines 22.1)

Guideline 21.1c Hyperkalaemia; Algorithm in Hospital

We recommend that hyperkalaemialospitalised patients is managed using the treatment
algorithm which provides guidance on the medical therapies and the need for initiation of renal
replacement therapy. (1C)

Rationale(Guideline 21.1)

Treatment algorithms provide a systematic appro&mhmanaging medical emergencies and can improve
consistency in clinical practice. This strategy has been utilised in resuscitation for decades and the provision
of clear useffriendly instructions is helpful in stressful and tiroetical situations. Kyorithms may also be

used as an aide memoire and as a teaching tool.

The response to hyperkalaemia in hospitalised patients is guided by its severity and ECG appearances. The
algorithm provides actions to be taken at different time intervals (i.e. 15680 minutes, next 3&0

minutes) to avoid delay. It follows thesbep approach in treating hyperkalaemia to ensure that each

priority is addressed as shown in Appendix 7.

The 2019 algorithm provides guidance for the new treatment recommendations:

1 10%glucose infusion following insutgiucose for patients with a preeatment blood glucose <
7.0 mmol/l

1 Sodium zirconium cyclosilicate for lifiereatening hyperkalaemia
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Hyperkalaemian Resuscitation

Introduction

Hyperkalaemia is an uncommon, but potentially reversible cause of cardiac afrésmost often

occurs in patients with prexisting renal disease or in the context of an acute kidney injury. Patients
receiving longerm haemodialysis (HD) are most at risk of hyperkalaemia. Cardiac arrest can occur in
hospital, within an oupatient dialysis unit or out of hospital, but hyperkalaemia should be considered
in all settings in patients at risk. Patients on ldegn HD ae one of the highest risk groups for eut
of-hospital cardiac arrest, occurring 20 times more frequently than in the general popufation.

The reported incidence of ihospital hyperkalaemic cardiac arrest is variable. Wallmuller et al found
hyperkalaemias the primary aetiology in only 1% ofhlinspital cardiac arrests (n=1041) although it
was the most common metabolic cause (479h).contrast, Wang et ateported an incidence of 12%
(n=1114) and Saarinen ef aéported an incidence of 13% (n=104patients with PEA as the initial
rhythm following irhospital cardiac arrest (IHCA).

Patients with all stages of CKD have a higher prevalence of cardiovascular disease, but the mortality
risk is estimated to be 57% higher in patients with eGFRml#0in per 1.73 m2 compared with the
general population without CKDCardiovascular disease is also highly prevalent in the dialysis
population. The added insult of hyperkalaemia in patients withgxisting heart disease may

contribute to sudden deatlin dialysis patients, presumably from cardiac arrest.

Predialysis hyperkalaemia and hypokalaemia have both been shown to be associated with higher all

cause mortality’ Pun et al demonstrated a 49% increase in risk of cardiac arrest with each 1 mmol/l

decrease in serum K+ below 5.1 mmol/l and a 38% increased risk with each 1 mmol/l increase above

5.1 mmol/I? There was no advantage of using a low K+ dialysate. The intermittent nature of HD

treatment is a further consideration. Bleyer et al demonstratieat HD patients are susceptible to

SCD in the first 12 hours from start of the HD session, but the highest risk period is the last 12 hours of

the 2day interRA I £t @G A O Ay G SNt domn 6 Ly GKAa &adddzReéz KeLJS
6.5% of p#ents with SCD.

Optimising and controlling K+ levels in dialysis patients is challenging. Kovesdy et al demonstrated
greater survival in maintenance HD patients with a-giaysis serum K+ of 4¢65.3 mmol/I The
conventional thriceveekly HD schedelis difficult to overcome, but evidence suggests that careful
dialysis prescription with the avoidance of low K+ dialysates and fistula access reduces the risk of
cardiac arrest. Other factors associated with a favourable outcome after cardiac arréaysid

patients were the use bethlockers, RAASI and calcium channel blockers at the time of the Bvent.

This section of the guideline will cover:
1. special considerations in the resuscitation of patients receiving dialysis including aetiology,
out-patient dialysis setting, dialysis access, and defibrillation practice,
2. medical management of hyperkalaemic cardiac arrest, and
3. approach to treatment of refractory hyperkalaemic cardiac arrest including dialysis initiation
during CPR and the use of ECMO.

Renal Association Clinical Practice Guidelgiéeatment of Acute Hyperkalaemia in Adujt3uly 2020 120



THE RENAL
ASSOCIATION
founded 1950

References

1. Tirkkonen, J., et alAetiology of irhospital cardiac arrest on general ward®esuscitation,
2016. 107: p. 124.

2. Bergum, D., et alCauses of ihospital cardiac arrestincidences and rate of recognition
Resuscitation, 2015. 87: p. &3

3. Pun, P.H., et alQutcomes for Hemodialysis Patients Given Cardiopulmonary Resuscitation for
Cardiac Arrest at Outpatient Dialysis Clinlt&m Soc Nephrol, 2019.

4. Wallmuller, C., et alCauses of imospital cardiac arrest and influence on outcome
Resuscitation, 2012. 83(10): p. 1206.

5. Wang, C.H., et alThe effects of calcium and sodium bicarbonate on severe hyperkalaemia
during cardiopulmonary resuscitation: A retrospective cohort study of adotispital cardiac
arrest Resuscitation, 201689p. 10511.

6. Saarinen, S., et aDoes appropriate treatment of the primary underlying cause of PEA during
resuscitation improve patients' survivdkesuscitation, 2012. 83(7): p. 829.

7. Webster, A.C., et alChronic Kidney Diseaskhe Lancet, 201789(10075): p. 1238252.

8. Kovesdy, C.P., et &berum and dialysate potassium concentrations and survival in
hemodialysis patientlin J Am Soc Nephrol, 2007. 2(5): p-D397.

9. Pun, P.H., et alModifiable risk factors associated with sudden cardiaestrwithin
hemodialysis clinicKidney Int, 2011. 79(2): p. 223.

10. Bleyer, A.J., et alGharacteristics of sudden death in hemodialysis patiéithey Int, 2006.
69(12): p. 226& 3.

11. Pun, P.H., et alRredictors of survival after cardiac arresbimpatient hemodialysis clinics
Clin J Am Soc Nephrol, 2007. 2(3): p--80Q.

Hyperkalaemic cardiac arregtSpecial circumstance (Guidelines 223.2)
Guideline 23.1¢ Hyperkalaemia; Cardiac Arresspecial circumstance

We recommend that hyperkalaemia is considered in all patients who have a cardiac arrest, as part of
identifying and treating a reversible cause using the 4 Hs and 4 Ts approach. (1A)

Audit Measure

1. All cardiac arrests should be auditethospital partigbation in the National Cardiac Arrest Audit is
encouraged as part of quality improvement and benchmarking.

Rationale (Guidelines 23.1)

Hyperkalaemia is an important and potentially reversible cause of cardiac arrest, therefore should be
considered irall patients, particularly in the presence of renal failure. Recognition of hyperkalaemia as the
aetiology cardiac arrest may be pagrest or during the resuscitation attempt. Early detection of
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hyperkalaemia before cardiac arrest provides a windowpgfastunity to prevent arrhythmias or cardiac
arrest, but delays in treatment are well recognised.

The National Patient Safety Alert resource for hyperkalaemia (2018) highlighted 35 cases of cardiac arrest in
patients with hyperkalaemia which were reportdde to concerns related to treatment and/ or monitoring.
Wang et al (2016) reported that 20% (5/25) of dialysis patients who suffered a hyperkalaemic cardiac arrest
did not receive either intravenous calcium or sodium bicarboriaBaarinen et al (2011)vestigated the

impact of appropriate treatment in cases where a reversible cause of cardiac arrest was identified and found
that no patients received appropriate treatment when the aetiology was hyperkalagmia.ECG may be

helpful in assessing thesk of cardiac arrest in patients with hyperkalaemia. However, the progressive ECG
changes frequently described may not be present and the first sign of hyperkalaemia may be cardiac arrest.
An et al reported that approximately 20% of patients presented wéidiac arrest at the time of diagnosis

of hyperkalaemid. Durfey et al demonstrated that arrhythmias or cardiac arrest occurred within 6 hours of
GKS LINBaSyidAy3a 9/D Ay wmpr 2F LI GASyGa 6A0GK aSNUzy
before K+lowering treatment was initiated in all but one patieht.

The probability of cardiac arrest is likely to correlate with the severity of hyperkalaemia, but the threshold

for arrhythmias in hyperkalaemia appears to vary from patient to patient. leme reasons, arrhythmias

should be anticipated and cardiac monitoring is essential for all patients with severe hyperkalaemia. Prompt
treatment of hyperkalaemia can avoid arrhythmias and cardiac arrest. Avoid delays in treatment and seek
specialist helgearly.
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Resuscitation strategy in dialysis patients (Guidelines 22412)
Guideline 24.1¢ Hyperkalaemia; Cardiac ArrestResuscitation strategy in haemodialysis patients

We recommend that standard ALS practice in cardiac arrest be applied to patients requiring dialysis. (1A)

Guideline 24.%;, Hyperkalaemia; Cardiac ArrestDefibrillation practice in haemodialysis patients

We recommend disconnection from dialysis equipment prior to defibrillation unless the dialysis machine is
defibrillator-proof. (1C)

Rationale (Guidelines 24.4.24.2)

The incidence of cardiac arrdatdialysis patients is higher than in the general population, therefore
vigilance and staff training is essential. The incidence of cardiac arrest in thatarit setting ranges from
3.4¢ 7.8 /100,000 HD sessions as shown in Tabl€ ZBparse dta is available on the incidence of in
hospital cardiac arrest in patients on leteym HD. Wong et al reported a rate of 1.4 events per 1000 in
hospital days with a survival to hospital discharge of 228f. early study of iospital CPR in patients tii
ESRD showed a survival to hospital discharge of onfy 8%.

Study Number of HD | Number of cardiaq Incidence of CPR | Survival to Hospital
sessions arrests /100,000 dialysis Discharge
sessions

Karnik 5, 744,708 400 7 NA

2001

La France 307,553 24 7.8 75%

2006’

Davis 2,611,119 110 3.4 24%

2008

Table 26: Incidence and outcome cdirdiac arrest in owpatient dialysis units.
NAC¢ not available.

Within the outpatient setting, most cardiac arrests occur during the dialysis session as shown in Table 27.
Karnik et al reported that the mean time into dialysis at cardiac arrest was ZZ3aminutes. The mean time

to cardiac arrest was shorter in patients with central venous catheters compared with arteriovenous
fistulas! Electrolyte and fluid shifts may also play a role in the timing of events.
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Study N= Before HD During HD After HD

Karnik 2001 400 7% 81% 12%

Davis 2008 152 10% 70% 20%

La France 2006 38 8% 78% 14%

Table 27: Timing of cardiac arrest during dialysis in-patient centres.
HD¢ haemodialysis

Shockable cardiac arrest rhythms (pulseless VT ohs¥#9,been reported to be more common in the
dialysis population than neshockable rhythms (PEA or asystole). Davis et al demonstrated a shockable
primary arrest rhythm in 65% of arrestsKarnik et al reported the arrest rhythm in only 16% of cas¢obu
these, the initial rhythm was VF in 42%, VT in 20% and asystole ihLEB@nce et al reported data on the
first cardiac arrest rhythm in only 12 patient¥F/VT (6/12 patients), PEA/ asystole (6/12 patiehts).

PEA/Asystole VFIVT
Study Events ROSC | Survival to] Events ROSC :
. ) I
% | Achieved | DIC (%)| % | Achieved S;;‘(’:'Vi/to
(%) (%) )
Davis 2008 35 37 11 65 51 31
HD patients
Out-pt HD unit
n= 152
La France 2006 *50 NA NA *50 NA NA
HD patients
Out-pt HD unit
n= 24
Meaney 2016 76 42 11 24 64 37
US gen pop IHCA
n=51,919
Nolan 2014 72 26 11 17 76 49
UK gen pop
IHCA
n= 23,554

Table 28: Outcome of cardiac arrest in patients receiving haemodialysis (HD) in an outpatient dialysis

facility versus all irhospital cardiacarrests.

PEA pulseless electrical activity; \¢entricular fibrillation; VT, ventricular tachycardia;
ROSC return of spontaneous circulation; IH&An hospital cardiac arrest

NAC¢ not available; D/@ discharge; Oupt ¢ out-patient; genpop ¢ general population

* Data available for primary cardiac arrest rhythm in only 12/24 patients
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Shockable rhythms are associated with a higher incidence of return of spontaneous circulation (ROSC) and
survival to hospital discharge in the general pepiain as well as in patients with ESRD as shown in Table 28.
Nonshockable cardiac arrest rhythms are associated with a poor outcome. Registry data in the general
population in the UK and USA demonstrate survival to hospital discharge of 11% in pa@setstipg with

PEA/ asystol&.” In contrast, Wang et al reported a nahockable rhythm in 92.7% of IHCA in

hyperkalaemic patients which in part accounts for the survival to hospital discharge of only 3.7% in this
study?®

Shockable cardiac arrest ythms are more common in

haemodialysis patients than in the general population.

Survival after cardiac arrest is better with shockable rhythms.

Modifications to ALS in Renal Failure

The universal ALS algorithm applies to all patients and the istiépk of recognition of cardiac arrest,

initiating highquality CPR with minimal interruption, and attempting defibrillation if required, are

independent of the cause of cardiac arrest.

5dzZNAyYy 3 /twZ NBOSNAAOGES OFdzaSa aK2dzZ R 0SS O2yaAiARSNB
before or early in the resuscitation attempt, hyperkalaemia should be considered to be the potential cause

of the cardiac arrest. Hyperkalaemia ocaogriate in the resuscitation attempt may be the consequence of
progressive acidosis and hypoxia, and may not be the precipitant of the cardiac arrest or require specific
intervention.

Special considerations during resuscitation in dialysis patients vgrstmoTable 29. The cardiac arrest team
may have little knowledge of these considerations in dialysis patients, therefore expert help is essential for
optimising care and safety.

The practice of defibrillation in HD units is variable across the UK andstaihgire unaware of the safety
considerations.The ERC Guidelines (2015) recommends disconnection from dialysis equipment prior to
defibrillation, unless defibrillateproof, in keeping with the International Electrotechnical Committee (IEC)
standards 6601-2-4."° Most haemodialysis equipment is not defibrillatproof.
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Special considerations during resuscitation of haemodialysis patients
Reversible causes4 Hs &4 Ts¢ electrolyte disorder (hyperkalaemia,
hypokalaemia, calcium disorder), pulmonary oedema

Dialysis access arteriovenous fistulas and dialysis lines can be used in
life-threatening emergencies.

Defibrillation practice¢ disconnect prior to defibrillation unless dialysis
YI OKAYS A& WRSTAONREEFUG2NI LINP2FQ ¢

L
‘I R I‘ IEC 60415841 | DEFIBRILLATIGMROOF TYPE B APPLIED P4

L]
'I R I‘ IEC 60416334 | DEFIBRILLATIGMROOF TYPE BF APPLIED F

'I . I‘ IEG604175336 | DEFIBRILLATIEMROOF TYPE CF APPLIED |

Postresus care; repeat serum K blood glucose and ECG; preserve
dialysis access; move to an area with dialysis facilities (ICU or Renal HDU);
consider timing and need for dialysis after ROSC

Table 29: Special considerations during resuscitation in haemodialysis patients.

Automated external defibrillators (AED) are now widely available forenquert use worldwide to facilitate

early defibrillation. Many dialysis centres gmeedominantly nursded. For this reason, the National Kidney
Foundation KDOQI Guidelines (2005) recommended that all dialysis facilities should {siteecapability

of defibrillation and the use of AEDs is the simplest and most cost effective dévibe implementation of
AEDs within dialysis facilities was mandated within one year of this guideline. Shortly thereafter, Lehrich et
al investigated the use of AEDs in dialysis centres and reported that the presence of AEDs alone did not
independenty improve survival and suggested that further measures are required to affect outtome.

The impact of dialysis unit staff initiating resuscitation before arrival of paramedics has recently been
reported to assess outcomes of sté#tl CPR and AED use this study of OHCA in ogiatient dialysis

clinics (n=398 events), dialysis staff initiated CPR in 81% of events, but applied an AED before paramedics
arrived in only 52.3% The timing of events in relation to dialysis is not available. When dialp$is\gtre

the first to apply the AED, there was a greater proportion of shockable rhythms (41% vs 25%), reinforcing
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early application of AED. The odds of survival to hospital discharge-folst8gher with staffinitiated CPR,
but there was only a nesignificant trend towards improved survival to discharge with staitiated AED.
This may be explained by the low usage of AED by nursing staff.

Cardiac arrest in dialysis centres are witnessed events.
CPR should be initiated by nursing staff.
Firstresponders require regular training in use of an AED.

Ensure safety: Disconnect patient from haemodialysis machine prior to
RSTFAONREE I GA2Y 0Y2AdMNPRITAOAMYSE | N v

Within out-patient dialysis centres, cardiac arrest occurs most oftering dialysis thereby are witnessed
events. Shockable rhythms are more common, therefore early defibrillation using safe practice should be
attempted. Patients with a shockable rhythm have the best chance of survival, therefore prompt and
effective acton by first responders is crucial.
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Treatment: Calcium chloride (Guidelines 25.1)

Guideline 25.1¢ Cardiac Arrest: Tragment - Intravenous calcium

We recommend that intravenous calcium chloride is administered if hyperkalaemia is known or suspected to
be the cause of cardiac arrest. (1C)

Audit measures

1. The proportion of patients treated with intravenous calcium figperkalaemic cardiac arrest.

Rationale (Guidelines 25.1)

This guideline extrapolates from management in the 1aorested patient, recognising the sparsity of

evidence for the use of specific medical interventions in hyperkalaemic cardiac arrest. Intravenous calcium is
widely recommended for treatment of hyperle@mia in the context of toxic ECG changes, arrhythmias and
cardiac arrest® However, in the absence of hyperkalaemia or other specific indication, IV calcium can have
deleterious effects in cardiac arrest with coronary vasospasm and worsening cerghoaicthdamage.

The quality of evidence for the general use of IV calcium in cardiac arrest was reviewed using the 2010
International Liaison Committee on Resuscitation (ILCOR) evidence evaluation poogs40 studies were
adequate for inclusion andnly two studies had a blinded randomised design. The analysis was further

limited by the wide variation in sample size, reported data and outcomes. The conclusion was that there is
no evidence that IV calcium during CPR improves survival after cardgst. Its role in specific settings of
hyperkalaemia, calcium channel blocker intoxication, hypocalcaemia and hypermagnesaemia remain unclear
due to limited data.

More recently, Wang et al (2016) have reported the outcome of IV calcium in hyperkalds@aein this

study, 56% of patients received IV calcium either alone (4/ 109; 4%) or more frequently in combination with
sodium bicarbonate (57/ 109; 52%). ROSC was achieved in only one patient who received IV calcium alone
(1/4; 25%), but this patierdid not survive > 24 hours. In comparison, ROSC was achieved in a higher
proportion of patients who received both drugs (12/57; 21%).

Despite the limited evidenebase, IV calcium has become standard practice for preventing and treating
arrhythmias in lgperkalaemia. Its effect is evidenced by the improvement in the ECG changes in the non
arrested patient. Its effects last only &0 minutes, therefore further doses may be required if
hyperkalaemia persists or during prolonged resuscitation attempts.
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Treatment: Insulinglucose (Guidelines 25.2)

Guideline 25.2.k, Cardiac Arrest: Treatment Insulinglucose

We recommend that 10 units soluble insulin and 25g glucose is administered if hyperkalaemia is known or
suspected to be the cause of cardiac arrest. (1B)

Guideline 25.2.2; Cardiac ArrestTreatmentc Insulinglucose

We suggest 10% glucose infusion be initiated if the blood glucose is < 7.0 mmol/l at the time of cardiac
arrest. (2C)

Rationale (Guidelines 25.2.4 Guideline 25.2.2)

Insulin and glucose is the most effective treatment liyperkalaemia in the nearrested patient as

discussed in Guideline 16.3. The onset of action is within 15 mihdteish a peak reduction in serum K+

ranging from 0.6%, 1.0 mmol/l by 60 minute$?” Although several studies have shown equivalefitaty

with standard (10 units) vs low dose (5 units) insulin, Garcia et al have found a trend towards greater efficacy
with 10 units compared with 5 units insulin in patients with a serum K > 6.0 miildussavi et al also
demonstrated significantly gater K+owering with 10 units insulin compared with lestose insulil. These
observations are important in patients with lifareatening hyperkalaemia. The main adverse effect is
hypoglycaemia, therefore blood glucose monitoring is essential.

International resuscitation guidelines have historically recommended the use of irultiose for
hyperkalaemic cardiac arrest based on treatment in the-amested patient™ The efficacy of insulin
glucose is augmented with the use of salbutamol and npetdssium binders in the nearrested patient.

In cardiac arrest, the use of adrenaline has an analogous effect to salbutamol and will likely enhance K+
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lowering, but unfortunately there are no clinical trials to confirm this. For consistency, the eeatm
protocol in hyperkalaemic cardiac arrest is the same as in theana@sted patient.

The ERC recommendation for instdinicose during cardiac arrest has changed over the past two decades.
The ERC Resuscitation Guidelines (2000, 2005) for managithgdéitening electrolyte abnormalities
recommended 10 units insulin with 50g glucdsé?Subsequent ERC guidelines (2010, 2015) altered the
dose of glucose to 259 based on the available evidence and the Cochrane review on the emergency
interventions fa hyperkalaemia published in 208%1% 14

Given the sparsity of evidence for medical treatments in hyperkalaemic cardiac arrest, it is interesting to
consider an analogous circumstance. Cardiac arrest is induced to facilitate cardiopulimngessy. The
standard technique for induction of cardiac arrest includes the delivery of a high concentration of K+ to the
myocardium®> Therefore, hyperkalaemia frequently occurs after cardioplégid This scenario is essentially

an iatrogenic hyperkdaemic cardiac arrest. The 2019 European Guidelines on cardiopulmonary bypass in
adult cardiac surgery suggests treatment with IV calcium and ingluldose (dose unspecified) if the serum

K+ exceeds 667.0 mmol/I®

The optimal dose of insulin arglucose during cardioplegia is unclear. Morgan et al suggeste@@@er 10
units of insulin’ Davis et al suggested that if the glucose dose ig, @dikg, then the appropriate ratio is 1
unit insulin to 4g glucos®. Kocoglu et al suggested 2g afighse for 1 unit of insulin, but hypoglycaemia
was common and required treatment with 10% glucds&his data demonstrates that 25g glucose was
insufficient to prevent hypoglycaemia when administered with 10 units indUfin *°and in one study 10%
glucose infusion was requiréed.

The current RA Hyperkalaemia guideline (2020) recommends 10 units insulin with 259 glucose for treating
acute hyperkalaemia (Guideline 16.3.1). An infusion of 10% glucose (50ml/hr for 5 hours) is suggested if the
pre-treatment blood glucose < 7.0 mmol/l to avoid iatrogenic hypoglycaemia (Guideline 16.3.3). Although it
is important to prevent hypoglycaemia in cardiac arrest, there is some evidence that the administration of
glucose during resuscitation results in loweresibf survival and worse neurological outcofién this
observational study, it was not possible to determine the reason, timing or dosage for glucose administration
and the effect was more prominent in patients without diabetes mellitus.

Hyperkalaemicardiac arrest usually requires prolonged resuscitation and often occurs in patients with

other risk factors for iatrogenic hypoglycaemia including renal failure. The first available blood glucose post
arrest and subsequent monitoring, should guide tleed for initiation and rate of a 10% glucose infusion
during the resuscitation attempt. In practical terms, a blood glucose range @bénmol/l is accepted for
critically ill patients”
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