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Prevalence and management of hyperkalemia in chronic kidney disease and heart failure patients in the Gulf Cooperation Council (GCC)
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Hyperkalemia is a frequent complication in patients with chronic kidney disease (CKD) or heart failure (HF) and associated with neuromuscular manifestations, changes in the electrocardiogram, and increased risk of mortality. While data on the prevalence and management of hyperkalemia in the gulf region are scarce, risk factors such as preference for potassium-rich foods (e.g., dates and dried fruits/vegetables), periods of intense fasting (e.g., Ramadan), and diabetes (an ancestor of CKD and HF) are common.

Therefore, a panel of nephrologists and cardiologists from countries of the Gulf Cooperation Council (GCC) convened to collate and review available data on the prevalence, regional drivers, and current practice in the management of hyperkalemia in the region.

Eventually, this review provides consensus recommendations on a balanced utilization of dietary and pharmacological options including new potassium binders for achieving and sustainably maintaining desirable serum potassium levels in countries of the GCC region. Alignment with regional habits and practice was a key aspect to facilitate the uptake of the recommendations into physicians' practice and patients' lives.

INTRODUCTION

Hyperkalemia is a frequent complication in chronic kidney disease (CKD) and heart failure (HF) patients, particularly those on reninangiotensin-aldosterone inhibitor (RAASi) therapy. [START_REF] Dunn | The burden of hyperkalemia in patients with cardiovascular and renal disease[END_REF][START_REF] Karaboyas | Hyperkalemia excursions are associated with an increased risk of mortality and hospitalizations in hemodialysis patients[END_REF] It is associ-All authors contributed equally to the preparation of this manuscript.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. © 2023 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC. ated with neuromuscular symptoms, changes in the electrocardiogram (ECG), cardiac arrhythmias, and increased all-cause mortality (Figure 1). [START_REF] Collins | Association of serum potassium with all-cause mortality in patients with and without heart failure, chronic kidney disease, and/or diabetes[END_REF][START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF] Palaka | Associations between serum potassium and adverse clinical outcomes: a systematic literature review[END_REF] Hyperkalemia also impacts health care systems due to significantly more frequent hospital visits, readmission rates, and longer length of stay. [START_REF] Betts | Postdischarge health care costs and readmission in patients with hyperkalemia-related hospitalizations[END_REF] F I G U R E 1 Covariate-adjusted probability of all-cause mortality across potassium values (2.5-8.0 mEq/L) in HF, CKD, diabetes mellitus (DM), and combined cohorts compared to controls (from Collins et al. [START_REF] Collins | Association of serum potassium with all-cause mortality in patients with and without heart failure, chronic kidney disease, and/or diabetes[END_REF] ) Notably, medications used in CKD and HF patients can affect serum potassium levels in contrasting ways. Whereas RAASi agents increase potassium levels, thiazide and thiazide-like diuretics decrease them. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF] Furthermore, dietary habits and certain supplements can aggravate unrecognized hyperkalemia.

Unfortunately, lack of a general cutoff level for intervention and neglect of regional factors influencing potassium intake hinder the implementation of hyperkalemia treatment standards. Furthermore, the interplay between heart and kidney function [START_REF] Lullo | Cardiorenal syndrome in acute kidney injury[END_REF] calls for the harmonization of hyperkalemia management among cardiologists and nephrologists.

This review focuses on regional prevalence, drivers, and management of chronic hyperkalemia in CKD and HF patients in the Gulf Cooperation Council (GCC) region and recommendations for achieving and maintaining sustainable serum potassium levels.

METHODS

Eleven nephrologists and cardiologists from the GCC region and two international guest experts convened to achieve a common, evidencebased treatment approach that is applicable to the GCC region.

Available evidence was collated from international CKD and HF treat- 

DEFINITION, PREVALENCE, AND RISK FACTORS OF HYPERKALEMIA

Definition of hyperkalemia in the GCC region

Frequently used thresholds for the upper limit of normal of serum potassium (5.0 mEq/L) and hyperkalemia (>5.5 mEq/L) cause ambiguity. [START_REF] Bianchi | Management of hyperkalemia in patients with kidney disease: a position paper endorsed by the Italian Society of Nephrology[END_REF][START_REF] Natale | Potassium binders for chronic hyperkalaemia in people with chronic kidney disease[END_REF][START_REF] Palmer | Clinical management of hyperkalemia[END_REF] In medical centers across the GCC, upper limits of normal range from 5.0 to 5.5 mEq/L but changed over time with new analytical procedures or equipment. In the survey in KSA, the majority (nephrologists 92%, cardiologists 83%) described chronic hyperkalemia as potassium >5.5 mmol/L for a prolonged time and 38 and 43%, respectively as recurring episodes of elevated potassium within 1 year. For patients with arrhythmia or a cardiac problem, already potassium levels >5.5 mEq/L were considered severe.

The panel recommends an upper limit of normal of 5.0 mEq/L considering the potassium-dependent increased mortality risk [START_REF] Collins | Association of serum potassium with all-cause mortality in patients with and without heart failure, chronic kidney disease, and/or diabetes[END_REF] and recent consensus statements of medical societies. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF] Bianchi | Management of hyperkalemia in patients with kidney disease: a position paper endorsed by the Italian Society of Nephrology[END_REF][START_REF] Fishbane | Consensus-based recommendations for the management of hyperkalemia in the hemodialysis setting[END_REF] The severity of hyperkalemia shall be classified as mild (>5.0 to <5.5 mEq/L), moderate (5.5-6.0 mEq/L), and severe (>6.0 mEq/L). Potassium levels between current local upper limits of normal and 5.5 mEq/L shall be considered as mild hyperkalemia.

Reading potassium levels requires caution as levels can be influenced by circadian rhythm, fed/fasting status, and hemolysis or thrombocytosis due to suboptimal blood sampling (pseudohyperkalemia). [START_REF] Dastych | Pseudohyperkalaemia in leukaemic patients: the effect of test tube type and form of transport to the laboratory[END_REF][START_REF] Gumz | Role of circadian rhythms in potassium homeostasis[END_REF] Furthermore, blood gas analyzers tend to report significantly lower potassium levels than biochemistry analyzers. [START_REF] Acikgoz | Agreement of serum potassium measured by blood gas and biochemistry analyzer in patients with moderate to severe hyperkalemia[END_REF] In case of doubt (e.g., in low-risk patients with glomerular filtration rate [GFR] ≥60 ml/min or normal ECG) repeating the test from freshly drawn blood is recommended.

Prevalence of hyperkalemia in the GCC region

In general, data on the prevalence of hyperkalemia in GCC and neighboring countries are scarce. Reported rates depend on the investigated population, setting and applied cut-off levels (Table 1). a Mild (5.0-5.49 mEq/L), moderate (5.5-5.99 mEq/L), severe HK (≥6.0 mEq/L).

scarcity of data is a limitation for the awareness about hyperkalemia in the GCC region and its appropriate management. Well-designed studies to explore the prevalence of hyperkalemia in the GCC and potential relations with complications in patients with HF or CKD are warranted.

In the survey among nephrologists and cardiologists in KSA, hyperkalemia was reported in 50% of CKD patients and 42% of chronic HF patients, with CKD patients showing a trend toward more severe hyperkalemia (severe 22 vs. 12%, mild 39 vs. 59%). The majority of hyperkalemic patients (60%) were considered having chronic hyperkalemia (CKD 64%, HF 55%).

Medical conditions associated with hyperkalemia

Conditions and risk factors associated with hyperkalemia, including CKD, chronic metabolic conditions, HF, and medications are reflected in the populations with available prevalence data (Table 1). Indeed, hyperkalemia associated with RAASi medications and cardiac risks was the most frequent safety issue (10.6 and 9%, respectively) discussed in direct health care professional letters of the Saudi Food and Drug Authority in June 2020. [START_REF] Alsaleh | Direct healthcare professional communications: a quantitative assessment study[END_REF] Among hyperkalemic, hospitalized, adult, nondialysis patients in KSA, 31.0% used β-blockers, 30.3% ACE inhibitors, and 12.0% spironolactone/eplerenone, and the use of β-blockers correlated significantly with hyperkalemia. [START_REF] Alrashidi | Hyperkalemia among hospitalized patients and association between duration of hyperkalemia and outcomes[END_REF] In the survey in KSA, the most frequently stated causes of hyperkalemia were CKD (94%) and medications (87%), and 28% considered hyperkalemia being caused by RAASi treatment most of the time.

Other causes of hyperkalemia comprised untreated diabetes (41%) and HF (47%).

Diabetes is a prevalent risk factor in HF patients (25%-49%) and particularly prevalent in the Arabian Gulf region (Bahrain 16.3%, Kuwait 22.0%, Qatar 15.5%, KSA 18.3%, UAE 15.4%). [START_REF]International Diabetes Federation. IDF diabetes Atlas[END_REF][START_REF] Shen | Diabetes management in patients with heart failure[END_REF] Only Oman (8.0%) has a moderate diabetes prevalence, but an increase of cases is foreseeable. Among HD patients in GCC countries, diabetes prevalence ranges even from 45 to 74% (median 68%). [START_REF] Smg | Diabetes prevalence, treatment, control, and outcomes among hemodialysis patients in the Gulf Cooperation Council Countries[END_REF] Since also physical inactivity, a key driver of the above-mentioned conditions, is widespread in the region (Kuwait 67%, KSA 53%), [START_REF]Noncommunicable diseases: risk factors[END_REF] the panel supports all efforts to increase physical activity and reduce obesity. Furthermore, checks of potassium levels during regular visits of patients with these conditions are recommended.

Nonmedical risk factors of hyperkalemia

-Dietary aspects: The Middle Eastern preference for dates, a rich source of potassium and the large differences in potassium content of different sorts (exceeding 600 or even 1000 mg/100 g) [START_REF] Alahyane | Evaluation of some nutritional quality criteria of seventeen Moroccan dates varieties and clones, fruits of date palm (Phoenix dactylifera L.)[END_REF][START_REF] Kuras | Determination of the elemental composition and antioxidant properties of dates (Phoenix dactyliferia) originated from different regions[END_REF][START_REF] Perveen | Comparative analysis of chemical, mineral and in-vitro antibacterial activity of different varieties of date fruits from Saudi Arabia[END_REF] need to be considered in diet plans and patient education. While traditional diets in the GCC region are rich in fruits, vegetables, and legumes, dietary patterns have changed toward processed food over the past decades. However, unlike for phosphorus, no specific recommendations for potassium in processed food are given although additives increase the potassium content of food almost three-fold and may have greater bioavailability than phosphorus from whole foods. [START_REF] Picard | Potassium additives and bioavailability: are we missing something in hyperkalemia management?[END_REF] Furthermore, attempts to decrease sodium in processed food enhanced the use of potassium to maintain the salty taste. Unfortunately, only 47% of Arab countries have mandatory food labeling regulations. [START_REF] Mandle | Nutrition labelling: a review of research on consumer and industry response in the global South[END_REF] -Fasting during Ramadan: The effect of daily and partial versus nonfasting during Ramadan has been evaluated in 269 HD patients in Palestine (groups adjusted for diabetes, hypertension, and predictors of clinical and biochemical parameters). [START_REF] Khazneh | The effects of Ramadan fasting on clinical and biochemical markers among hemodialysis patients: a prospective cohort study[END_REF] Mean serum potassium was significantly greater in the fasting than the nonfasting group (5.38 vs.

4.90 mEq/L; p < 0.001) and slightly elevated in the partial fasting group (5.03 mEq/L). Potential reasons included the increased consumption of traditional, potassium-rich Ramadan's festive foods (dates, dried apricot, etc.), and fasting-related insulin suppression, shifting potassium from the intracellular to the extracellular compartment. [START_REF] Nguyen | Comparison of insulin action on glucose versus potassium uptake in humans[END_REF] A prospective study in KSA evaluated 32 HD and 39 CKD patients (85% stage 3 or 4) before, during, and after Ramadan. [START_REF] Wakeel | Kidney function and metabolic profile of chronic kidney disease and hemodialysis patients during Ramadan fasting[END_REF] Among HD patients, potassium levels increased from 5.1 to 5.3 mEq/L (p = 0.07).

Hyperkalemia was detected in 25.0% during (Day 15) and 15.6% after Ramadan. Among CKD patients, potassium levels remained stable. An early study of 40 HD patients in KSA reported a significant increase of mean serum potassium from 5.05 mEq/L before to 5.76 mEq/L during Ramadan. [START_REF] Khader | Effect of diet during Ramadan on patients on chronic haemodialysis[END_REF] Notably, 35% presented with potassium ≥6.5 mEq/L during Ramadan, compared to 10% before Ramadan. Overall, the reported elevated potassium levels over Ramadan were not associated with important clinical complications and other reports show stable potassium levels. [START_REF] Imtiaz | Clinical and biochemical parameters of hemodialysis patients before and during Islamic month of Ramadan[END_REF] In the survey among nephrologists and cardiologists in KSA, high potassium intake (55%) and diet (41%) were the most frequent nonmedical causes of hyperkalemia. Notably, high potassium intake was twice as frequent among patients of cardiologists than those of nephrologists (73 vs. 36%).

RAAS BLOCKADE IN CKD AND HF TREATMENT PRACTICE IN THE GCC REGION

In the survey in KSA, 87% of CKD and 70% of HF patients were on RAASi therapy. However, only 70 and 54% of those were considered to be on an optimal dose. In response to hyperkalemia, 60% of surveyed physicians (nephrologists 74%, cardiologists 47%) switched to another medication, 27% (18 and 37%, respectively) reduced the RAASi dose, and 11% (8 and 13%, respectively) discontinued RAASi without switching to another medication (2% referred patients to another specialist).

Calcium channel blockers were the most frequently used alternative (26%) followed by vasodilators (23%), diuretics (21%), and beta blockers (12%).

International CKD and HF guidelines [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] and this panel recommend administration of RAASi at the highest locally approved or tolerated dose because the benefits from lower RAASi doses are less certain. [START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] Serum potassium and eGFR should be assessed before and 7-10 days after the initiation of RAASi or MRAs to avoid hyperkalemia or acute kidney injury. In patients developing hyperkalemia (>5.0 mEq/L), strategies to lower potassium levels should prevail over RAASi dose reduction or interruption.

MANAGING HYPERKALEMIA

Diagnosis and monitoring of serum potassium

The KSA survey showed that most nephrologists rely on ECG (80%) and blood gas testing (40%) to diagnose hyperkalemia while cardiologists use them almost equally (63 and 67%, respectively). Serum potassium is tested by 32 and 23%, respectively. Interviews suggest that serum potassium is rather used to confirm ECG findings and response to potassium-lowering measures.

In patients at risk of hyperkalemia (e.g., eGFR < 30 ml/min per 1.73 m 2 ), potassium levels should be tested initially, within 1-2 weeks after RAASi dose changes and at intervals up to 6 months. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] Furthermore, potassium should be measured prior to initiation of a potassium-lowering agent and 2-3 days and 1 week after initiation.

After potassium decreased to < 5.0 mEq/L, monitoring is recommended after 1 month and then every 3-6 months (target level 3.5-5.0 mEq/L). [START_REF] Pitt | Potassium lowering agents: recommendations for physician and patient education, treatment reappraisal, and serial monitoring of potassium in patients with chronic hyperkalemia[END_REF] If potassium-lowering agents are discontinued while maintaining RAASi treatment, serum potassium can rapidly increase within 1-3 days and should be tested at least once during that period.

Others suggest even a daily test during this 3-day period to ensure that levels remain < 5.0 mEq/L. [START_REF] Pitt | Potassium lowering agents: recommendations for physician and patient education, treatment reappraisal, and serial monitoring of potassium in patients with chronic hyperkalemia[END_REF] An approved device can allow for daily potassium measurements and documentation of hyperkalemia episodes. [START_REF] Rossignol | Daily home monitoring of potassium, creatinine, and estimated plasma volume in heart failure post-discharge[END_REF] 

Managing potassium levels and concomitant blood pressure medication

RAASi dose reduction or cessation to manage hyperkalemia deprives patients from the benefits of RAASi therapy. [START_REF] Epstein | Evaluation of the treatment gap between clinical guidelines and the utilization of renin-angiotensinaldosterone system inhibitors[END_REF] Accordingly, restriction of dietary potassium and potassium-containing supplements, and use of potassium-wasting diuretics and oral potassium binders should be considered. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] -Dietary potassium restriction: Definitions of populations that should restrict daily potassium intake vary among experts. [START_REF] Cupisti | Dietary approach to recurrent or chronic hyperkalaemia in patients with decreased kidney function[END_REF][START_REF] Kalantar-Zadeh | Nutritional management of chronic kidney disease[END_REF] Furthermore, general restrictions on potassium intake bear the risk of depriving traditional diets of plant-based but potassium-rich components. Notably, these diets are usually also high in alkaline content and fiber, which can correct CKD-associated metabolic acidosis and improve bowel transit time, constipation, colonic epithelium integrity, and the gut microbiome. [START_REF] Joshi | Plant-based diets for kidney disease: a guide for clinicians[END_REF] Suggestions for a gradual and less coercive introduction of potassium intake restriction are summarized in Table 2. [START_REF] Joshi | Plant-based diets for kidney disease: a guide for clinicians[END_REF][START_REF] Clase | Potassium homeostasis and management of dyskalemia in kidney diseases: conclusions from a Kidney Disease: improving Global Outcomes (KDIGO) Controversies Conference[END_REF] In general, active nutritional counseling by an experienced renal dietitian in addition to optimum medical therapy can benefit patients and reduce the prevalence of hyperkalemia. [START_REF] Raza | The effect of active nutritional counseling in improving biochemical nutritional parameters and fluid overload problems in maintenance hemodialysis patients[END_REF] Before and during Ramadan, cardiologists, nephrologists, and diabetologists should pro-actively ask patients about their intention to fast, and advice on fasting and cautionary measures based on the • Check patient's typical serving size/weight (a large serving of low-potassium food may have more potassium than a small serving of high-potassium food) • Normalize potassium contents of food per unit fiber • Soy-, rice-, and almond-based beverages tend to have less potassium and phosphorus than milk • Overall, a stepwise reduction in potassium intake is advised to ensure a balanced intake of fresh fruit, vegetables, and fiber 4. Emphasize food preparation methods that may reduce potassium content of food patient's eGFR level as summarized in Table 3. Patients insisting to fast must be closely monitored for clinical status and laboratory values and advised to check their lower limbs for signs of edema and monitor blood pressure and body weight. Patients on HD shall not fast to avoid the risk of volume overload and blood pressure elevation after excessive fluid intake.

• Adding potassium-wasting diuretics: Compared to calcium carbonate and/or sodium bicarbonate, insulin, and beta adrenoceptor agonists, only loop diuretics can facilitate potassium loss. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF] Combinations of loop diuretics and thiazides effectively induce diuresis, but also can lead to reduction of GFR, hypokalemia, hypomagnesemia, and hyponatremia. [START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] • Oral potassium binders: The introduction of modern potassium binders (patiromer, sodium zirconium cyclosilicate) enables the initiation, up-titration, and maintenance of RAASi and spironolactone doses in more patients. [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF]Kidney Disease: Improving Global Outcomes Blood Pressure Work G. KDIGO 2021 Clinical Practice Guideline for the management of blood pressure in chronic kidney disease[END_REF] Patiromer is a polymer that absorbs and eliminates potassium in exchange for calcium. It has proven potassium lowering efficacy (minus .7-1.2 mEq/L) in RAASi-treated patients with CKD and/or HF and mild or moderate hyperkalemia, lowers frequency of hyperkalemia, and allows maintenance or increase of spironolactone and RAASi medication. [START_REF] Agarwal | Patiromer to enable spironolactone in patients with resistant hypertension and CKD (AMBER): results in the prespecified subgroup with diabetes[END_REF][START_REF] Pitt | Evaluation of the efficacy and safety of RLY5016, a polymeric potassium binder, in a double-blind, placebo-controlled study in patients with chronic heart failure (the PEARL-HF) trial[END_REF][START_REF] Pitt | Long-term effects of patiromer for hyperkalaemia treatment in patients with mild heart failure and diabetic nephropathy on angiotensin-converting enzymes/angiotensin receptor blockers: results from AMETHYST-DN[END_REF][START_REF] Rossignol | Patiromer versus placebo to enable spironolactone use in patients with resistant hypertension and chronic kidney disease (AMBER): results in the pre-specified subgroup with heart failure[END_REF][START_REF] Weir | Patiromer in patients with kidney disease and hyperkalemia receiving RAAS inhibitors[END_REF][START_REF] Agarwal | Patiromer versus placebo to enable spironolactone use in patients with resistant hypertension and chronic kidney disease (AMBER): a phase 2, randomised, double-blind, placebo-controlled trial[END_REF] In hyperkalemic HD patients undergoing hemodialysis receiving once daily patiromer or SPS on nondialysis days, both treatments significantly reduced serum potassium but patiromer showed a better subjective tolerability score and compliance. [START_REF] Jaques | Comparative efficacy of patiromer and sodium polystyrene sulfonate on potassium levels in chronic haemodialysis patients: a randomized crossover trial[END_REF] In a recently published placebo-controlled study in HF patients with reduced ejection fraction and hyperkalemia or recent hyperkalemia, patiromer-treated patients showed lower serum potassium levels, less incidences of severe hyperkalemia, and a favorable RAASi use score (85% on guideline-directed RAASi doses) with patiromer compared to placebo. [START_REF] Butler | Patiromer for the management of hyperkalemia in heart failure with reduced ejection fraction: the DIAMOND trial[END_REF] Sodium zirconium cyclosilicate is a crystalline compound that binds potassium in exchange for sodium. It showed potassium lowering efficacy in adult, hyperkalemic, outpatients, and predialysis TA B L E 4 Recommendations for managing potassium levels in hypertensive patients in the GCC region 4.0-5.0 mEq/L (target range)

RAASi or mineralocorticoid receptor antagonists should be initiated or maintained as needed. Patients shall be advised on the role of potassium, its dietary sources, and a reduction of dietary potassium intake considering a range of strategies to introduce a dietary plan (Table 2). If potassium levels increase toward the upper limit of normal, potassium-wasting loop diuretics may be initiated (if combined with thiazides, potassium, and sodium levels shall be monitored after initiation).

5.1-5.5 mEq/L (mild HK)

A potassium binder should be initiated in accordance with locally approved labels. Potassium sources and NSAIDs shall be eliminated.

5.6-6.0 mEq/L (moderate HK)

Potential hemolysis should be excluded as a cause of falsely elevated potassium levels (pseudohyperkalemia). A potassium binder should be initiated and/or diuretics initiated or increased. RAASi should be continued unchanged. If a dose reduction is deemed necessary, it should not go below 50% of the recommended dose.

>6.0 mEq/L (severe HK) An ECG should be performed, and a potassium binder initiated or increased and maintained until normal levels are reached. If serum potassium remains high after 1 week, RAASi should be reduced, but not below 50% of the recommended dose.

patients with mild or moderate hyperkalemia (minus .8-1.2 mEq/L) that were only partly on concomitant RAASi therapy at baseline. [START_REF] Kosiborod | Effect of sodium zirconium cyclosilicate on potassium lowering for 28 days among outpatients with hyperkalemia: the HARMONIZE randomized clinical trial[END_REF][START_REF] Spinowitz | Sodium zirconium cyclosilicate among individuals with hyperkalemia: a 12-month phase 3 study[END_REF][START_REF] Fishbane | A Phase 3b, Randomized, Double-Blind, Placebo-Controlled Study of sodium zirconium cyclosilicate for reducing the incidence of predialysis hyperkalemia[END_REF] In one study, most patients on RAASi medication could maintain or increase doses. [START_REF] Spinowitz | Sodium zirconium cyclosilicate among individuals with hyperkalemia: a 12-month phase 3 study[END_REF] Both potassium binders can be taken with or without food. [START_REF]Veltassa: EPAR--product information[END_REF][START_REF]Lokelma: EPAR--product information[END_REF] Gastrointestinal side effects are generally mild to moderate, a substantial improvement compared to sodium or calcium polystyrene sulfonate (SPS) preparations. [START_REF] Cheng | Colonic necrosis and perforation following oral sodium polystyrene sulfonate (Resonium A/Kayexalate in a burn patient[END_REF] Main differences in the safety profiles are mild-to-moderate hypomagnesemia (patiromer; as it also binds some magnesium) and edema and hypokalemia (zirconium cyclosilicate; maybe due to high sodium content of 400 mg per 5-g dose).

Notably, a recent analysis of nondialysis patients found significantly higher rates of edema-related hospitalizations and a trend for higher heart-failure hospitalizations in sodium zirconium cyclosilicate-versus patiromer-treated patients. [START_REF] Zhuo | Risk of hospitalization for heart failure in patients with hyperkalemia treated with sodium zirconium cyclosilicate versus patiromer[END_REF] Whether potassium lowering improves clinical outcomes, hospitalization, cost of care, and quality of life remains to be investigated.

Qualitative interviews among nephrologists and cardiologists (KSA survey) suggest that hyperkalemia treatment is started at potassium >5.1 mEq/L, and physicians get really concerned at levels ≥6.0 mEq/L. Potassium lowering treatment is considered successful if levels decrease by 1.0-1.4 mEq/L and patients can be stabilized and discharged from hospital. Calcium resonium and SPS were the most frequently used treatment options with intolerability as most frequently cited barrier.

RECOMMENDATION FOR MANAGING HYPERKALEMIA IN RAASI-TREATED CKD AND HF PATIENTS

Recommended options to maintain normal or reduce elevated potassium levels of hypertensive patients depending on the severity of hyperkalemia are listed in Table 4.

Patients shall be informed that uncontrolled discontinuation of potassium binders while maintaining RAASi medications lead to the rapid increase of potassium levels and can put them at risk of cardiac effects. Monitoring of magnesium levels is advised for patients given patiromer whereas sodium zirconium cyclosilicate-treated patients should be monitored for edema.

  

TA B L E 1 Prevalence of hyperkalemia in GCC and neighboring countries Country [Ref.] Population Prevalence (definition) Remarks

  2,15-21 The 17517176, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jch.14633 by Chu De Nancy Dse, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

	KSA 15	300 hospitalized adult patients	47.3% (≥5.1 mEq/L)	Among hyperkalemic patients, 94.4% > 55 years,
				80.2% hypertensive, 73.9% diabetic, 56.3% CVD,
				45.8% CKD
	UAE 20	102 adult patients with HF, reduced	>11.8% (>4.8 mEq/L)	Enrollment of patients with hyperkalemia should
		ejection fraction with LVEF ≤40%,		have been delayed until normalization. However,
		and prescription for		11.8% of patients were reported as deviation due
		sacubitril/valsartan		to hyperkalemia. Accordingly, the actual
				prevalence must be >11.8%.
	Qatar 16	161 adult patients with GFR	28.6% (>5.5 mEq/L)	Among those, 76% on potassium-increasing
		≥60 ml/min/1.73 m 2 who received		medications such as β-blockers, heparin, ACE
		at least two doses co-trimoxazole		inhibitors, or angiotensin II receptor blockers.
	GCC region 2	947 patients on maintenance HD	72% (≥5.1 mEq/L) 46% (≥5.6 mEq/L) Peak potassium of monthly predialysis measures
				observed during the 4-month "exposure interval"
	Egypt 17	400 patients on maintenance HD	41.2% and 66.9% predialysis at the	6.5% post-dialysis
			first and subsequent HD session	
	Turkey 18	9045 hospitalized patients	7.3% (>5.0 mEq/L)	Among those, 73.0% with mild, 8.8% moderate, and
				8.2% severe hyperkalemia a
	Iran 19	338 HD patients	58% (>5.2 mEq/L)	
	Tunisia 21	66 chronic HD patients	28.	

8% (pre-HD) (≥5.5 mEq/L) Prolonged QTc interval was significantly correlated with serum potassium (p = 0.046). Abbreviations: ACE, angiotensin-converting enzyme; CKD, chronic kidney disease; CVD, cardiovascular disease; GCC, Gulf Cooperation Council (Bahrain, Kuwait, Oman, Qatar, KSA, and United Arab Emirates); GFR, glomerular filtration rate; HD, hemodialysis; HF, heart failure; KSA, Kingdom of Saudi Arabia; LVEV, left ventricular ejection fraction; UAE, United Arab Emirates.

  17517176, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jch.14633 by Chu De Nancy Dse, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

  17517176, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jch.14633 by Chu De Nancy Dse, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License TA B L E 2 Strategies to gradually introduce a dietary plan to reduce potassium intake 1. Involve the patient • Individualize the dietary plan according to the patient's lifestyle, education, and religious and sociocultural background • Explain the plan's benefits and limitations and give the patient adequate time to accept and start changing dietary habits • Consider a broad range of individual health literacy and potential difficulties with comprehension, communication, and the use of digital technology 2. Involve renal dietitians, psychologists, pharmacists, and social workers to ensure the patient's understanding, acceptance, adaptation, and adherence, if resources allow 3. Identify potassium content of foods

  • Leaching or dialysis of vegetables • Cook vegetables in large volume of water (1:5 w/v) • Soak legumes 12 h in water (1:15 w/v) then cook in the same amount of fresh water 5. Supporting factors in the implementation of food plan • Translate information about nutrients into food, pictures, and recipes • Invite the person responsible for buying and preparing food to appointments with the dietitian • Engage both patients and family members • Adopt a stepwise approach to allow patients to adapt to the recommendations over time • Talk less about what is not allowed and more about what is • Raise awareness about an increasing number of restaurants that have plant-based options • Consider social life and allow occasional freedom to improve long-term adherence • Simplify nutrition education and avoid weighing or counting servings if possible • Recommend cooking classes with food recipes desired by patients • Offer positive feedback and show how diet affects laboratory values or intradialytic weight over time (if applicable) • Meal delivery services may benefit patients who live alone and have to follow special diets

	TA B L E 3 Advice on fasting during the month of Ramadan depending on eGFR levels*
	eGFR > 60	Fasting is permissible, but patients shall be advised on sufficient fluid intake at night and restriction of
		potassium-rich food like dates and dried vegetables
	eGFR 15-60	Fasting is not recommended in case of concomitant uncontrolled DM, use of insulin for blood sugar control,
		uncontrolled hypertension, HF, severe liver disease, or pregnancy
	eGFR < 15	Fasting is not recommended due to the risk of deteriorating kidney function as a consequence of reduced fluid intake
	*eGFR in ml/min/1.73 m 2 .	
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