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Abstract
Background. Few studies have evaluated the prevalence of severe hyperkalaemia in unselected
patient populations. We identified all episodes of severe hyperkalaemia occurring in 1 year, and de-
scribed patient demographics, clinical response and outcome. We also assessed junior doctor
knowledge of its causes and significance.
Materials and methods. A retrospective interrogation of the database of the regional biochemical
laboratory identified all episodes of severe hyperkalaemia (K≥ 6.5 mmol/L) occurring in 2011. The
understanding of trainee doctors of the importance, causes and treatment of severe hyperkalae-
mia was assessed by structured questionnaire.
Results. Severe hyperkalaemia was recorded in 433 samples (365 patients) giving a prevalence of
0.11%. Thirty-six per cent of episodes occurred in patients under the care of a nephrologist, who
were significantly younger than those not under the care of a nephrologist. In the nephrology
cohort, 86% occurred in patients with chronic kidney disease (CKD), the majority of which had CKD
Stage 5. In the non-nephrology cohort, only 65% occurred in the context of CKD, which was
equally distributed between Stages 3 and 5 CKD. In both patient groups, roughly 50% of episodes
occurred in association with acute kidney injury (AKI). Acute mortality (death within 48 h of docu-
mented severe hyperkalaemia) was higher in the non-nephrology compared with the nephrology
cohort. Time to repeat serum potassium was influenced by the clinical setting with shorter time to
repeat for acute care compared with ward settings. Assessment of trainee doctor’s knowledge
suggested significant deficiencies in relation to severe hyperkalaemia.
Conclusions. The prevalence of severe hyperkalaemia was low and occurred predominantly in the
context of CKD and/or AKI. The majority of episodes occurred in patients not under the care of a
nephrologist. Variability in time to repeat serum potassium levels suggested deficiencies in care,
and assessment of trainee doctor’s knowledge suggests the need for further educational initiatives
to highlight its importance.
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Introduction

Hyperkalaemia is a potentially life-threatening condition
due to the risk of ventricular arrhythmias and cardiac
arrest when serum K+ is severely elevated [1, 2]. It is re-
ported to be a common occurrence in hospitalized
patients with an incidence of 1.1–10 patients per 100 hos-
pitalized [3–5]. These studies, however, date back over 20
years. More recent studies have focused on hyperkalaemia
in either specific disease cohorts or in hospitalized
patients only [6]. It is well established that a major cause
of hyperkalaemia is chronic renal injury with the associ-
ated interference with potassium excretion. Other high-
risk cohorts which have been studied are patients with
diabetes mellitus or congestive cardiac failure often super-
imposed on renal dysfunction and often aggravated or
precipitated by medications interfering with potassium

homeostasis [7–11]. Few recent studies however have
examined the nature of severe hyperkalaemia in an unse-
lected patient population. Due to changes in the demo-
graphics of the population and patients, and changes in
drug prescribing patterns, it is likely that the causes and
therefore the demographics of patients with hyperkalae-
mia have changed. We therefore sought in an unselected
patient cohort to examine a consecutive series of hyper-
kalaemic patients identified from the biochemical records
of all patients who had a measurement of serum potass-
ium as part of a ‘routine’ request for measurement of
‘urea and electrolytes’ in a single health board in the UK.

A previous study of 35 adult hyperkalaemic hospitalized
patients suggested that hyperkalaemia is generally mild
(>5.5<6.5 mmol/L) and therefore not a contributor to
patient mortality [11]. The adverse effects of hyperkalaemia
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on cardiac function are however concentration depen-
dent. In recognition of this, we have collected data on
patients with severe hyperkalaemia, defined as a serum
potassium value of ≥6.5 mmol/L, as this level of potass-
ium leads to telephone notification of the result to the
clinical team looking after the patient. In addition to de-
scribing the basic characteristics of patients with severe
hyperkalaemia, in contrast to previous studies we have
also collected information of patient outcome and man-
agement according to the clinical area in which the
episode of severe hyperkalaemia occurred. In light of pre-
vious studies, and also the findings of our study which
have suggested that response by clinicians to hyperkalae-
mia is frequently suboptimal, in the second component of
this study, we assessed the knowledge base of non-
specialist/non-nephrology trainee medical staff within the
hospital.

Materials and methods

Defining a cohort of patients with severe hyperkalaemia

The Medical Biochemistry Department database of the
Cardiff and Vale University Health Board (serving a popu-
lation of 466 000) was interrogated to gather retrospec-
tively all serum potassium results requested for adult
patients between 1 January and 31 December 2011. Using
this database, we identified all patients over 18 years of
age, who during 2011 had a serum potassium measure-
ment ≥6.5 mmol/L. The reference range for our laboratory
is 3.5–5.3 mmol/L. Sample requests generated from inten-
sive care units or dialysis units were excluded.

Baseline serum creatinine values were sought from
the same database for each patient, up to 3 months
prior to the hyperkalaemic episode, and using the modi-
fication of diet in renal disease formula, the estimated
baseline GFR was calculated. Patients with a baseline
eGFR of ≤60 mL/min were classified as having pre-exist-
ing chronic kidney disease (CKD). In addition, the serum
creatinine measurement taken at the time of the docu-
mented episode of severe hyperkalaemia was recorded
and used to document the association of hyperkalaemia
with acute kidney injury using the acute kidney injury
network definition [12]. Electronic patient records were
used to extract all documented comorbidities recorded
for each patient prior to and up to the episode of severe
hyperkalaemia.

Assessment of the knowledge base of non-specialist
trainee medial staff

A questionnaire was distributed to trainee medical staff at
two base hospitals served by the regional renal unit. The
key areas covered by the questionnaire were significance,
causes and treatment of hyperkalaemia (Table 4). The
purpose of the questionnaire was explained by one of
the co-authors and the questionnaire completed ‘on the
spot’. Responses were evaluated against a panel of pre-
defined ideal answers, with a maximum score of 33.
Responses were collated and analysed according to the
speciality of the junior doctor and also performance of the
individual questions.

Statistical analysis was carried out by Student’s t-test,
χ2-test and one-way ANNOVA as appropriate, and P < 0.05
was deemed statistically significant.

Results

During the 12-month period of data analysis, a total of 383
422 requests were made for the measurement of serum
electrolytes (excluding paediatrics, intensive care and dialysis
units). In the same time period, severe hyperkalaemia with
potassium values of ≥6.5 mmol/L was recorded in 433
samples (in a total of 365 patients) giving an overall preva-
lence for severe hyperkalaemia of 0.11%.

Nephrology cohort

Of the patients with severe hyperkalaemia 36% occurred
in patients under the care of nephrology, which represents
194 episodes. In the nephrology cohort, severe hyperka-
laemia was documented in patients on the general ne-
phrology ward in 56%, renal transplant unit (RTU, not
exclusively transplant patients) in 28%, and in the outpati-
ent department in 16% of the episodes.
The average age of this nephrology cohort was 57.9

years (95% CI 55.0–60.8 years), reflecting the fact that the
majority (67%) of the patients in this nephrology cohort
where <65 years of age (Figure 1A). There was no differ-
ence in the age of the male and female patients within
this cohort (Table 1). In 86% of the patients, severe hyper-
kalaemia occurred in the context of CKD (Table 2), and of
those with CKD, 65% were classified as Stage 5 CKD
(Figure 1B). As might be expected given the known higher
incidence of CKD in males, there was a higher prevalence
of male (61%) compared with female (39%) patients in
the nephrology cohort with severe hyperkalaemia.
In this nephrology cohort, severe hyperkalaemia associ-

ated with AKI (as defined by the AKI network, dependent
on change in creatinine, and including both AKI and acute
on chronic kidney injury) occurred in 54% of the patients
(Table 2). Within this group, AKI on a background of CKD
represents 79% of patients classified as having AKI. The
documented incidence of severe hyperkalaemia in the
context of AKI was no different between the two ward set-
tings, RTU 57% versus Gen Neph 59%, P = 0.9). Only a
small minority of patients in the nephrology cohort had a
documented episode of severe hyperkalaemia in the
absence of either CKD or AKI (3/132 = 2%).

Non-nephrology cohort

Of all the severe hyperkalaemic events, 239 were recorded in
a total of 233 patients not under the care of a nephrologist,
thus representing 64% of all the severe hyperkalaemic epi-
sodes. Severe hyperkalaemia in the non-nephrology cohort
occurred in the setting of acute admissions in 35% and non-
acute wards in 52% (medical ward 34%, surgical ward 17%)
of the episodes. The remainder of the hyperkalaemic epi-
sodes occurred either in the context of the hospital outpati-
ent department (nine patients) or following investigations
requested by a primary care physician (three patients).
This non-nephrology cohort was significantly older than

the nephrology cohort (Table 1) with an average age of
71.2 years (95% CI 69.8–73.7 years, P < 0.0001 versus
nephrology). In contrast to the nephrology cohort, in the
non-nephrology cohort, the prevalence of hyperkalaemia in-
creased with age (Figure 1A). As with the nephrology cohort,
there was a predominance of male patients (male = 54%,
female = 47%, P = 0.14 compared with the distribution in
the nephrology cohort). In 65% of the patients, severe hy-
perkalaemia occurred in the context of CKD (Table 2), which
was significantly lower than the proportion with CKD in the
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nephrology cohort (P < 0.0001). Unlike the nephrology
cohort, the patients were distributed equally across all CKD
stages (Figure 1B). Within the non-nephrology cohort, the
patients with CKD and hyperkalaemia were significantly
older than those with no CKD and hyperkalaemia (CKD 75.2
years 95% CI 73.2–77.3 years versus non-CKD 65.4 years
95% CI 61.6–69.2 years, P < 0.0001).

In this non-nephrology cohort, hyperkalaemia occurred
in the context of AKI in 51% of patients (Table 2) which is

no different to the proportion of hyperkalaemic patients
with AKI in the nephrology cohort (P = 0.4). In the non-ne-
phrology cohort, 61% of those with AKI (73/119) occurred
in the context of pre-existing CKD. The distribution of hy-
perkalaemic patients with CKD was equal between the
group with AKI 61% and no AKI 52% (P = 0.5).

Unlike the cohort under the care of nephrology in the
non-nephrology cohort, a significant proportion of severe
hyperkalaemic episodes (15%) was documented in

Fig. 1. Prevalence (%) of severe hyperkalaemia in patients under the care of a nephrologist (solid line) or not under the care of a nephrologist (broken line)
by age (A). eGFR interval (B) and serum potassium (C).

Table 1. Basic demographics of patients with severe hyperkalaemia

Total Females Males

Nephrology cohort
Number of patients (%) 132 51 (39) 81 (61)
Average age (years) 57.9 (95% CI 55.0–60.8) 57.6 (95% CI 53.3–61.9) 58.1 (95% CI 54.4–61.9)

Non-nephrology cohort
Number of patients (%) 233 108 (46) 125 (54)
Average age (years) 71.2 (95% CI 69.8–73.7) 71.2 (95% CI 68.5–73.9) 71.2 (95% CI 68.5–73.9)

Table 2. Association of severe hyperkalaemia with CKD and AKI

Nephrology cohort Non-nephrology cohort

Association with CKD 114 of 132 151 of 233 P < 0.0001
Association with AKI 71 of 132 119 of 233 P = 0.04
Association with acute-on-chronic renal injury 56 of 71 73 of 119 P = 0.01
No CKD and No AKI 3/132 35 of 233 P < 0.0001
Mean K+ mmol/L 6.9 (95% CI 6.8–6.92) 7.0 (95% CI 6.9–7.1) P = 0.003
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patients with neither CKD nor AKI (35 of 233 versus 3/132
in the Neph cohort (P < 0.001), such that roughly half of
those with normal renal function were hyperkalaemic in
the absence of AKI.

Despite the difference in the patient demographics
between the nephrology and non-nephrology cohort, the
distribution of serum potassium values was similar in the
nephrology and non-nephrology cohorts (Figure 1C). However,
the mean potassium value in the non-nephrology cohort was
significantly higher than in the nephrology cohort (non-Neph
7.0 mmol/L 95% CI 6.9–7.1 versus Neph 6.9 mmol/L 95% CI
6.8–6.92, P = 0.003).

Associated co-morbidities

Table 3 shows the comparison of comorbidities recorded
for the severe hyperkalaemic patients in the nephrology
and non-nephrology cohorts. The burden of comorbidity
was higher in the non-nephrology cohort, with a mean
number of 2.3 morbidities per patient compared with 1.9
in the nephrology cohort. Specifically, the incidence of all
forms of heart disease (43.8 versus 31.9%, 4 P = 0.022),
peripheral vascular disease (12.4 versus 1.4%, P = 0.0001)
and a recorded diagnosis of malignancy (25.7 versus
14.6%, P = 0.01) was significantly more common in the
non-nephrology cohort. There was no statistical difference
in the incidence of hypertension (49.4 versus 56.9%, P = 0.1)
or diabetes (35.2 versus 36.1%) between the two cohorts. In
the non-nephrology, the incidence of severe hyperkalaemia
associated with diabetes (P = 0.01), hypertension (P = 0.04)

and heart disease (0.0002) was significantly lower in the
cohort of patient with neither CKD nor AKI.

Outcome/management

Time to repeat potassium was taken as an indication of
the response to the laboratory generated alert of severe
hyperkalaemia.

Nephrology cohort. For the nephrology cohort, repeat
measurement was undertaken in 188 of 192 episodes.
Overall, in patients with severe hyperkalaemia and in
which a repeat measurement was recorded, 37% were re-
peated on the same day as the hyperkalaemic episode
and a further 41% on the following day. As expected, the
time to repeat the potassium measurement in the OPD
was longer than on either of the ward settings (OPD
12.2 ± 34.6, Gen Neph 3.92 ± 14.9, transplant, 2.76 ± 15.7,
data presented as mean number of days ± SD, one-way
ANNOVA P = 0.08).
There were three patient deaths within 48 h of docu-

mentation of hyperkalaemia, and in two of these no
repeat measurement was available (in these two patients,
the measured serum potassium was 6.7 and 6.6 mmol/L,
and occurred in the context of patients with known CKD
and an eGFR of 14 and 4 mL/min, respectively).

Non-nephrology cohort. Overall, in patients with severe
hyperkalaemia and in which a repeat measurement was

Table 3. Documented comorbidities of patients with severe hyperkalaemia

Non-nephrology cohort Nephrology cohort

Whole
group % (n)

CKD No
AKI % (n)

CKD +AKI
% (n)

No CKD
No AKI %
(n)

No CKD
+AKI % (n)

Whole
group %
(n)

CKD
No AKI %
(n)

CKD +AKI
% (n)

No CKD
No AKI
% (n)

No CKD
+AKI % (n)

Atrial fibrillation 24 (55) 30.4 (24) 19.4 (14) 13.9 (5) 26.1 (12) 9.7 (14) 16.7 (5.1) 5.1 (3) 0 0
Congestive
cardiac failure

17.2 (40) 17.2 (14) 22.2 (16) 5.6 (2) 17.4 (8) 8.3 (12) 7.6 (5) 8.5 (5) 0 13.3 (2)

Ischemic heart
disease

27 (62) 38 (30) 27.8 (20) 8.3 (3) 19.6 (9) 24 (34) 25.8 (17) 28.8 (17) 0 0

Valvular heart
disease

7.3 (17) 7.6 (6) 11.1 (8) 5.6 (2) 2.2 (1) 4.2 (6) 6.1 (4) 3.4 (2) 0 0

Cerebrovascular
disease

11.6 (27) 8.9 (7) 18.1 (13) 0 15.2 (7) 1.4 (2) 3.0 (2) 0 0 0

Peripheral
vascular disease

12.4 (29) 5.1 (4) 27.8 (20) 2.8 (1) 8.7 (4) 1.4 (2) 1.5 (1) 1.7 (1) 0 0

Hypertension 49.4 (115) 49.4 (39) 59.7 (43) 30.6 (11) 47.8 (22) 56.9 (82) 45.5 (30) 67.8 (40) 50 (2) 66.7 (10)
Diabetes 35.2 (82) 32.9 (26) 44.4 (32) 13.9 (5) 41.3 (19) 36.1 (52) 34.8 (23) 37.3 (22) 25 (1) 40 (6)
Hyperlipidaemia 10.3 (24) 13.9 (11) 11.1 (8) 2.8 (1) 8.7 (4) 9.7 (14) 4.5 (3) 11.9 (7) 25 (1) 20 (3)
Pulmonary
disease

12.0 (28) 15.1 (12) 9.7 (7) 8.3 (3) 13.0 (6) 6.3 (9) 7.6 (5) 6.8 (4) 0 0

Liver disease 4.7 (11) 2.5 (2) 1.4 (1) 5.6 (2) 13.0 (6) 2.8 (4) 0 6.7 (4) 0 0
Thyroid disease 6.9 (16) 11.4 (9) 1.4 (1) 5.6 (2) 8.7 (4) 4.9 (7) 3.0 (2) 5.1 (3) 0 13.3 (2)
Malignancy 25.7 (60) 17.7 (14) 27.8 (20) 38.9 (14) 26.1 (12) 14.6 (21) 16.7 (11) 15.2 (9) 0 6.7 (1)
No recorded
comorbidity

7.7 (18) 5.1 (4) 6.9 (5) 16.7 (6) 6.5 (3) 6.9 (10) 1.5 (1) 11.9 (7) 25 (1) 6.7 (1)

No data available 4.3 (10) 2.8 (4)

Table 4. Score of attitude- and knowledge-based assessment by speciality of responding junior doctor

Total Med Surg A&E GP Anaes O&G Paeds

N 190 71 47 7 10 18 7 10
Average score ± SD 17.3 ± 5.1 19.3 ± 4.4 16.5 ± 5.2 16.4 ± 5.6 15.8 ± 2.9 19.2 ± 4.9 12.3 ± 6.6 15.8 ± 2.9
% 52.6 58.6 50.0 49.8 47.9 58.2 37.2 47.9
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recorded, 45% were repeated on the same day as the
hyperkalaemic episode and a further 35% on the following
day. When separating the time to repeat potassium
measurement by clinical setting, there was a significant
difference in time to repeat (acute care 0.6 ± 0.89, ward
3.7 ± 20.6, OPD 57.3 ± 101.4, data presented as mean
number of days ± SD, one-way ANNOVA P < 0.0001) and
direct comparison also demonstrated a significant difference
when comparing the time to repeat measurement in the
acute care settings and the two (medical and surgical) non-
nephrology ward settings (P = 0.05). There was no significant
difference in time to repeat between nephrology ward and
non-nephrology wards. As would be expected, the time to
repeat potassium measurement in either the OPD (57 ± 110
days, n = 9) setting or in general practice (12 ± 11 days, n = 3)
was longer than in either the acute or ward setting; however,
as only a small number of patients had documented severe
hyperkalaemia in these two settings, a meaningful statistical
analysis was not appropriate.

In the non-nephrology cohort, 23 patients with docu-
mented severe hyperkalaemia had no record of a repeat
measurement of potassium, which is significantly more
than in the nephrology cohort (P = 0.002). For the non-ne-
phrology cohort, there were 36 deaths within 48 h of docu-
mented severe hyperkalaemic event (distributed equally
between acute care and ward settings), which was signifi-
cantly greater than the acute (<48 h) mortality in the ne-
phrology cohort (P < 0.0001). Of these 36 ‘acute deaths’
with severe hyperkalaemia, 26 were also associated with
AKI. In these 36 patients, 18 (50%) had no repeat measure-
ment, compared with a ‘no-repeat rate’ of 14% (2/14) for
patients who survived >48 h but who died within 7 days of
a severe hyperkalaemic episode (P = 0.017). The mean pot-
assium for those who died within 48 h was greater than
those who died >48 h but <7 days, 7.22 mmol/L (95% CI
6.95–7.48) versus 6.85 mmol/L (95% CI 6.62–70.9, P = 0.5).

Attitudes and knowledge

Having highlighted differences in the response to severe
hyperkalaemia in different clinical settings, we next
sought to assess the working knowledge of doctors in all
sub-consultant grades in terms of diagnosis and manage-
ment. Questionnaires were completed by 190 trainees: 77
foundation, 51 core and 59 specialty trainees. Of those
completing the questionnaires, 37% were physicians and
a further 25% working in surgical specialities.

Table 4 gives the overall score (out of a possible 33) and
scores broken down by specialities. For the whole cohort,

the overall score was 17 (52.5%). There was however a sig-
nificant difference across the specialities, with the
medical specialities and anaesthetic trainees scoring sig-
nificantly higher than the other trainees (P = 0.00001 one-
way ANNOVA).

Table 5 gives the mean score of each of the questions.
There was a significant difference in the performance of the
individual questions (P < 0.00001 one-way ANNOVA), with
the lowest scores obtained for the knowledge of the normal
range of serum potassium, threshold for treating hyperkalae-
mia and knowledge of drugs which lead to hyperkalaemia.

Discussion

Overall, the incidence of severe hyperkalaemia in this un-
selected patient cohort was low. Although the incidence
was lower than reported in the widely cited literature,
which is now >20 years old [3–5], it is similar to the more re-
cently reported incidence of severe hyperkalaemia (≥6.3
mmol/L) of 0.8% in a study of all K+ assays run by a single
laboratory [13], with the discrepancy likely to be attribu-
table to the fact that the study was confined to hospitalized
patients, whereas we have analysed all samples irrespec-
tive of the source of the request.

Although severe hyperkalaemia is commonly associated
with renal impairment and therefore may be considered to
lie within the domain of the nephrologist, it is of note that
in our study, severe hyperkalaemia was more common in
the non-nephrology cohort. Our study also confirms that
the vast majority of severe hyperkalaemia occurs in the
context of a hospital admission, with only 4.6% (11 of 239)
hyperkalaemic events documented in a non-hospital
environment (either OPD or primary care) in the non-ne-
phrology cohort. Furthermore, even in those patients under
the care of a nephrologist, severe hyperkalaemia was only
seen in the outpatient setting in a small minority (16%).

Severe hyperkalaemia occurring in the nephrology and
non-nephrology cohorts affects very different patient
groups. For the nephrology cohort, severe hyperkalaemia
tended to occur in a younger patient group and in the
context of end-stage renal failure, whereas in the non-ne-
phrology cohort, severe hyperkalaemia occurred in an older
patient cohort and across all stages of renal disease. The
high proportion of patients with CKD in the nephrology
cohort is likely to account for the higher number of
recurrent episodes of severe hyperkalaemia in the nephrol-
ogy group with 194 episodes occurring in only 132 patients.

In both groups, although severe hyperkalaemia was
associated with CKD in the majority, the proportion associ-
ated with CKD in the non-nephrology cohort was smaller.

Table 5. Score of attitude and knowledge based assessment by speciality question

Question number (marks possible)
Mean score
(±SD)

% of maximum
possible score

Q1: What is the normal range for K in your hospital (1 mark) 0.16 ± 0.4 16.4
Q2: What level of K would you treat (2 marks) 0.45 ± 0.6 22.5
Q3: What are the ECG changes associated with hyperkalaemia (3 marks) 1.95 ± 0.8 65.1
Q4: Name five drugs causing hyperkalaemia (5 marks) 2.2 ± 1.2 44.6
Q5: Other than drugs give four other causes of hyperkalaemia (4 marks) 2.1 ± 0.9 51.6
Q6: What are key clinical assessments required in hyperkalaemic patients (2 marks) 1.3 ± 0.6 64.0
Q7: List the initial investigations of a severely hyperkalaemic patients (3 marks) 1.9 ± 0.7 65.1
Q8 (a) Name the treatment options for a patient with severe hyperkalaemia (5 marks). (b) What is the mode
of action of the listed treatment? (5 marks)

3.3 ± 1.2 66.5
2.3 ± 1.5 46.2

Q9: What would you consider to be indications for referral to a nephrologist? (3 marks) 1.7 ± 0.9 57.1
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This might suggest that the contribution of medication to
severe hyperkalaemia may be greater in this cohort. Due to
the retrospective nature of the study, wewere unable to de-
termine medications prescribed at the time of documen-
tation of hyperkalaemia. We were able to collect data on
recorded comorbidities which are likely to indicate indirectly
the prescription of medication which may potentially cause
or aggravate hyperkalaemia. It is of note that there was a
significantly higher burden of comorbidities in the non-ne-
phrology cohort consistent with a higher rate of prescrip-
tion of medication likely to pre-dispose to hyperkalaemia.
This would be further supported by the significant pro-
portion of episodes of severe hyperkalaemia in the non-ne-
phrology cohort which occurred in the absence of either
CKD or AKI. In this cohort, however, the incidence of severe
hyperkalaemia was significantly lower in absence of renal
disease and particularly in those with hypertension, heart
disease or diabetes, groups which are likely to have a high
burden of medication, suggesting that the most important
factor is renal function and that mediation is likely to be an
aggravating factor rather than the sole determinant of
severe hyperkalaemia in the majority of patients.

Although as one might predict severe hyperkalaemia in
the context of CKD was more common in the nephrology
cohort, over two-thirds of patients in the non-nephrology
cohort also experienced severe hyperkalaemia on a back-
ground of CKD. Much has been made of the role of the ne-
phrologist in the care of patients with CKD, with initiatives
such as automated eGFR reporting launched to highlight
patients with modest degrees of CKD. Despite increasing
numbers of patients being referred to a nephrologist
following implementation of automated eGFR reporting
[14–19], it is clear that only a minority of patients with
CKD are seen by a nephrologist [20]. The large group of
patients with CKD who are not under the care of a ne-
phrologist remains a challenge. In our study, within the
cohort of patients with severe hyperkalaemia, the mean
serum potassium was lower in the nephrology cohort. This
may be a further reflection of the benefit of early nephrol-
ogy input, medication review and appropriate dietetic
input [21]. As ∼5% of the adult population have moderate
to advanced CKD [22, 23], clearly, referral of all patients
would be inappropriate and, furthermore, nephrology ser-
vices would be swamped [24]. The challenge therefore is
to carefully select patients who are likely to most benefit
from nephrology care such as those with rates of change
of eGFR >5 mL/min/year or those with factors which need
added input such as uncontrolled hypertension. To this, it
may also be appropriate to add patients who are suscep-
tible to hyperkalaemia.

The association of severe hyperkalaemia with AKI is to
be expected. In both of our patient groups, severe hyper-
kalaemia was associated with AKI in over half of the epi-
sodes. As with CKD, this suggests that a large proportion
of patients with AKI is not seen by a nephrologist. Im-
proved outcomes following AKI have been reported even
with minor degrees of AKI following specialist input [25].
Although the primary intention in carrying out this work
was to focus on demographics and management of
severe hyperkalaemia, the data also highlight a large
cohort of patients with AKI and associated significant
metabolic disturbance who are not under the care of
nephrology.

The retrospective nature of the study prevented us from
directly examining any interventions. We therefore used
the time to repeat serum potassium measurement as a
marker of awareness of the significance and also of action

taken following notification of the abnormal result. The
number of patients with no documented repeated mea-
surement of serum potassium was higher in the non-
nephrology patient group than the nephrology group.
Acute mortality, defined for the purposes of this study as
death within 48 h of documentation of severe hyperkalae-
mia was low in the nephrology cohort. In contrast, in the
non-nephrology cohort, there were 36 deaths giving an
acute death rate of 15%. Within this group, it is of note
that compared with the whole group there was a dispro-
portionately high proportion of patients who did not have
a repeat measurement of serum potassium. We were
however unable to determine cause of death nor the con-
tribution of hyperkalaemia to the agonal event. It is of
note however that a documented diagnosis of malignancy
was more common in this group furthermore the burden
of comorbidity being higher in this group would also
suggest a sicker patient cohort to begin with. Without
access to patient records, we were, however, unable to de-
termine if the lack of repeated measurement of potassium
reflects a conscious decision not to repeat the measure-
ment in a group of sick patients with a higher incidence of
‘terminal illness’. Given that in 50% of the acute deaths,
no repeat serum potassium was undertaken, it is likely
however that at least in some of these cases, the severe
hyperkalaemic episode was at least a contributing factor
in the adverse patient outcome.
The medical management of hyperkalaemia is well

described, and their relative effectiveness in terms of
reduction in serum potassium has been recently reported
[26]. In our study, for patients in which repeat potassium
measurements were undertaken, it was apparent that the
clinical area in which the event occurred affected the time
to repeat measurement, with the time to repeat being sig-
nificantly longer on all ward areas compared with the
acute care settings. In the context of our hospital setting,
acute care is characterized by early and repeated consult-
ant/senior review, whereas ward based care on a day-to-
day basis is directed by more junior medical staff with
senior colleague input provided by structured formal
wards rounds occurring two or three times per week with
additional input as requested on an ad hoc basis. This
model of care and the discrepancy between times to
repeat between the two clinical care settings suggested
that these differences were at least in part driven by a lack
of appreciation of the severity of the problem by more
junior members of the medical teams. This was directly
addressed by our questionnaire of the attitudes and
knowledge of junior medical staff. Our educational survey
confirmed serious gaps in knowledge of severe hyperka-
laemia. Although the results suggest a difference in
knowledge across specialities, even in the best performing
specialities overall scores revealed significant knowledge
gaps. Of particular concern was the significant gaps in
fundamental knowledge related directly to clinical man-
agement of patients, with questions related to threshold
and mechanisms for treatment and drugs which cause
hyperkalaemia being amongst those which performed
worst.

Summary

In summary, overall prevalence of severe hyperkalaemia
is low, with the majority of episodes occurring in hospital-
ized patients. Patients with severe hyperkalaemia under
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the care of a nephrologist are younger and tended to have
CKD5 whilst in the non-nephrology cohort severe hyperka-
laemia occurs across the whole range of renal function.
We also identified deficiencies in the care of patients with
severe hyperkalaemia and by the use of an educational
survey highlighted gaps in the knowledge of non-special-
ist junior doctors in their knowledge of its management.
This highlights the need to enhance the non-specialist un-
derstanding and awareness of the context and manage-
ment of severe hyperkalaemia.

Authors’ Contribution. B.M.P. and S.M. collected and collated all
the clinical data, Z.S. provided the raw data on all patients from
which the patients with hyperkalaemia were identified, G.R. and
M.C. undertook the assessment of trainee doctors knowledge, S.R.
and A.O.P. designed the whole study and prepared the manuscript
with additional input from all of the listed authors.

Conflict of Interest statement. None declared.

References

1. Perazella MA. Drug-induced hyperkalemia: old culprits and new
offenders. Am J Med 2000; 109: 307–314

2. Weiner ID, Wingo CS. Hyperkalemia: a potential silent killer.
J Am Soc Nephrol 1998; 9: 1535–1543

3. Moore ML, Bailey RR. Hyperkalaemia in patients in hospital.
N Z Med J 1989; 102: 557–558

4. Paice B, Gray JM, McBride D et al. Hyperkalaemia in patients in
hospital. Br Med J (Clin Res Ed) 1983; 286: 1189–1192

5. Shemer J, Modan M, Ezra D et al. Incidence of hyperkalemia in
hospitalized patients. Isr J Med Sci 1983; 19: 659–661

6. An JN, Lee JP, Jeon HJ et al. Severe hyperkalemia requiring
hospitalization: predictors of mortality. Crit Care 2012; 16:
R225

7. Acker CG, Johnson JP, Palevsky PM et al. Hyperkalemia in hospi-
talized patients: causes, adequacy of treatment, and results of
an attempt to improve physician compliance with published
therapy guidelines. Arch Intern Med 1998; 158: 917–924

8. Jain N, Kotla S, Little BB et al. Predictors of hyperkalemia and
death in patients with cardiac and renal disease. Am J Cardiol
2012; 109: 1510–1513

9. Muzzarelli S, Maeder MT, Toggweiler S et al. Frequency and
predictors of hyperkalemia in patients ≥60 years of age with
heart failure undergoing intense medical therapy. Am J
Cardiol 2012; 109: 693–698

10. Siamopoulos KC, Elisaf M, Katopodis K. Iatrogenic hyperkalae-
mia–points to consider in diagnosis and management.
Nephrol Dial Transplant 1998; 13: 2402–2406

11. Stevens MS, Dunlay RW. Hyperkalemia in hospitalized
patients. Int Urol Nephrol 2000; 32: 177–180

12. Mehta RL, Kellum JA, Shah SV et al. Acute Kidney Injury
Network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care 2007; 11: R31

13. Rayan N, Baird R, Masica A. Rapid response team interven-
tions for severe hyperkalemia: evaluation of a patient safety
initiative. Hosp Pract (1995) 2011; 39: 161–169

14. Akbari A, Swedko PJ, Clark HD et al. Detection of chronic
kidney disease with laboratory reporting of estimated glo-
merular filtration rate and an educational program. Arch
Intern Med 2004; 164: 1788–1792

15. Hemmelgarn BR, Zhang J, Manns BJ et al. Nephrology visits
and health care resource use before and after reporting esti-
mated glomerular filtration rate. JAMA 2010; 303: 1151–1158

16. Hobbs H, Stevens P, Klebe B et al. Referral patterns to renal
services: what has changed in the past 4 years? Nephrol Dial
Transplant 2009; 24: 3411–3419

17. Jain AK, McLeod I, Huo C et al. When laboratories report esti-
mated glomerular filtration rates in addition to serum creatinines,
nephrology consults increase. Kidney Int 2009; 76: 318–323

18. Phillips LA, Donovan KL, Phillips AO. Renal quality outcomes
framework and eGFR: impact on secondary care. QJM 2009;
102: 415–423

19. Vickers JA, Sturdivant RL. Automated reporting of estimated
glomerular filtration rate alters referral patterns to a nephrol-
ogy clinic. Am J Med Sci 2011; 342: 218–220

20. Jones RK, Hampton D, O’Sullivan DJ et al. Diabetes and renal
disease: who does what? Clin Med 2013; 5: 460–464

21. Burton CJ, Feest TJ. Does referal to a renal clinic slow the pro-
gress of diabetic nephropathy? An audit of 100 consecutive
referals. Nephrol Dial Transplant 1998; 13: A108

22. Coresh J, Selvin E, Stevens LA et al. Prevalence of chronic
kidney disease in the United States. JAMA 2007; 298:
2038–2047

23. Drey N, Roderick P, Mullee M et al. A population-based study of
the incidence and outcomes of diagnosed chronic kidney
disease. Am J Kidney Dis 2003; 42: 677–684

24. John R, Webb M, Young A et al. Unreferred chronic
kidney disease: a longitudinal study. Am J Kidney Dis 2004; 43:
825–835

25. Meier P, Bonfils RM, Vogt B et al. Referral patterns and out-
comes in noncritically ill patients with hospital-acquired
acute kidney injury. Clin J Am Soc Nephrol 2011; 6:
2215–2225

26. Fordjour KN, Walton T, Doran JJ. Management of hyperkale-
mia in hospitalized patients. Am J Med Sci 2012; [Epub ahead
of print]

Received for publication: 14.10.13; Accepted in revised form: 5.12.13

Severe hyperkalaemia 133



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


