
Medical therapy of AKI complications	



Refik Gökmen	


AKI Academy	



18 October 2014	





Medical therapy of AKI complications	



•  Hyperkalaemia	


•  Volume status, fluid therapy	


•  Acidosis	



•  Calcium & phosphate	


•  Bleeding risk	


•  Sepsis	



•  Nutrition	


•  Follow up	





Hyperkalaemia	



•  Serious, potentially life-threatening	


•  Particular danger if:	


–  Acute rise	



–  Oligo/anuria	



–  Elderly	


–  Cardiac arrhythmias	
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its treatment (Figure 4).  This process should begin with a risk assessment for arrhythmias, 

followed by action to reduce the serum potassium concentration by shifting potassium back 

into cells and removing it from the body.  The efficacy of treatment should be assessed by 

monitoring the serum potassium, and hypoglycaemia should be avoided or treated promptly 

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

steps taken to prevent a recurrence in the short and long-term.  The hyperkalaemia treatment 

algorithm outlines this sequential approach [Guideline 11.1]. 

 

 

Figure 4: There are five key steps in the treatment of hyperkalaemia (never walk away 

without completing all of these steps). 
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Guideline 5.2 – Hyperkalaemia: STEP 1 - Protect the heart; intravenous calcium salts 

We recommend that intravenous calcium chloride or calcium gluconate, at equivalent dosage 

(6.8mmol), should be given to patients with hyperkalaemia in the presence of ECG changes 

indicative of hyperkalaemia. (1A) 

 

Audit Measures 

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

2.  Adverse events as a result of treatment with intravenous calcium salts. 

 

Step 1: Protect the heart 

Step 5: Prevent recurrence 

Step 4: Monitor K+ and glucose 

Step 3: Remove K+ from body 

Step 2: Shift K+ into cells 





images in clinical medicine

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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A 62-year old man with chronic renal insufficiency reported having reduced exercise toler-
ance for the previous week. The physical examination was unremarkable, but oxygen saturation was dimin-
ished. An electrocardiogram showed a regular rhythm, with a widened QRS complex in a sine-wave configura-

tion, and there were no discernible P waves. The T waves were fused with the widened QRS complexes (Panel A) to 
form the sine-wave pattern, raising suspicion of severe hyperkalemia. The patient’s serum potassium level was 9.1 
mmol per liter. His condition stabilized after the administration of calcium chloride, bicarbonate, glucose, and insu-
lin therapy, which was followed by hemodialysis. Serial electrocardiograms showed progressive narrowing of the QRS 
complex. At 24 hours after presentation, electrocardiography revealed a left bundle-branch pattern (Panel B), and his 
condition remained stable. Hyperkalemia triggers a progression of electrocardiographic changes, beginning with 
peaked T waves and PR prolongation. More severe elevations in potassium level can result in QRS widening and loss 
of P waves, with eventual formation of the sine-wave pattern seen here. The rhythm can degenerate into ventricular 
fibrillation if the cardiac membrane is not stabilized.
Copyright © 2012 Massachusetts Medical Society.
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ECG abnormalities in hyperkalaemia	
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depression of conduction between adjacent cardiac myocytes, manifesting in prolongation of 

the PR and QRS intervals.  The P wave amplitude is diminished in the early stages as T wave 

amplitude increases.   

 

 

 

With increasing severity, hyperkalaemia results in suppression of sino-atrial and 

atrioventricular conduction manifesting as escape beats or escape rhythms.  This can progress 

to a sine wave appearance as the QRS continues to widen and eventually blend with the 

ensuing T wave.  Thereafter, the rhythm may degenerate into ventricular fibrillation or other 

arrhythmias.  The typical ECG features of hyperkalaemia are shown in Figure 1 and usually 

follows a progressive pattern (Figure 2). 
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Figure 2:  Progressive changes in ECG with increasing severity of hyperkalaemia. 
 

 a 
 b 

 c 

    Tented T waves 

    Prolonged PR  

    Flat p waves 

    Wide QRS, sine wave, arrhythmias 

Figure 1:  ECG in a patient with 
severe hyperkalaemia (serum K+ 9.1 
mmol/L) illustrating peaked T waves 
(a), loss of P waves (b) and wide 
QRS complexes (c). 
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therefore there may be reluctance to administer if the patient’s  heart  rate is already slow.  

Fourthly, the relatively short duration of action of calcium salts (30-60 minutes) may not be 

considered in patients with prolonged hyperkalaemia. Finally, calcium salts may not be 

deemed necessary in patients in whom emergency dialysis is planned or being initiated for 

severe hyperkalaemia.  The development of a standard treatment guideline for hyperkalaemia 

may overcome some of these concerns. 

Figure 5:  ECG on admission (a) and following intravenous 20ml 10% calcium gluconate 

(b) in a patient with serum potassium 9.3 mmol/L who presented with generalised 

weakness. 

 

There is general agreement that intravenous calcium salts should be used in the presence of 

life-threatening ECG changes (absent P waves, wide QRS, sine-wave pattern)8,17-20 or in the 

(a)

(b)

(a)

(b)



ECG abnormalities in hyperkalaemia	



Montague BT, Ouellette JR, Buller GK. Retrospective review of the frequency of 
ECG changes. Clin J Am Soc Nephrol 2008;3:324-30	





Calcium in hyperkalaemia	



•  A single dose is often not enough	



•  Repeat ECG to assess response	


•  Can cause bradycardia	


•  Short duration of action: repeat until K treated	
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Rationale 

The use of intravenous calcium salts 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 their antagonism by calcium were first demonstrated in an animal model in 18831, and 

later confirmed in 19392.  Intravenous calcium salts were shown to be effective in treatment 

and prophylaxis in patients with acute kidney injury during the Korean War3.  Although much 

of the evidence to support their use arises from case reports and anecdotal experience4, there 

remains little doubt of the importance of intravenous calcium salts in emergency treatment of 

hyperkalaemia even when the serum calcium is normal.  

The electrophysiological effect of potassium on the heart is dependent on its extracellular 

concentration, direction of change (hypokalaemia or hyperkalaemia) and rate of change.  The 

effect of potassium on the resting membrane potential of cardiac myocytes is modulated by 

the simultaneous calcium concentration such that an elevated calcium concentration decreases 

the depolarisation effect of an elevated potassium concentration5.  

Intravenous calcium salts antagonise the cardiac membrane excitability thereby protecting the 

heart against arrhythmias. They are effective within 3 minutes as shown by an improvement 

in the ECG appearance (e.g. narrowing of the QRS complex).  The dose should be repeated if 

there is no effect within 5-10 minutes. The duration of action is only 30-60 minutes, so further 

doses may be necessary if hyperkalaemia remains uncontrolled. As calcium salts do not lower 

serum K+, other interventions are urgently required.   

 

 

 

 

Table 3:  Calcium content of intravenous calcium salts used in treatment of 

hyperkalaemia. 

 

The choice of calcium salt, chloride or gluconate, has largely been guided by practicalities 

such as availability, local practice and the clinical condition of the patient.  There are some 

important differences between the two available solutions. Both preparations, calcium 

chloride and calcium gluconate, are available in the form of 10ml of 10% solution (Table 3).  

Calcium chloride contains approximately three times more calcium (6.8 mmol/ 10ml) as 

 
          10 ml 10% Calcium Chloride = 6.8 mmol Ca2+ 

 
10 ml 10% Calcium Gluconate = 2.26 mmol Ca2+ 

 





Insulin - dextrose	
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Audit measures 

1. The proportion of patients with severe hyperkalaemia (K+ ≥  6.5 mmol/L) treated with 

insulin-glucose infusion [Audit Standard: 100%]. 

 

Rationale 

Insulin is the most reliable agent for promoting transcellular shift of potassium in patients 

with hyperkalaemia1.  Notably, most studies on the efficacy of insulin-glucose have included 

predominantly patients with ESRD2. 

Two major hormones have been shown to promote a shift of K+ into cells - insulin and 

catecholamines3. Insulin lowers serum potassium by activating Na+-K+ ATPase and by 

recruitment of intracellular pump components into the plasma membrane4. Insulin binding to 

specific membrane receptors results in extrusion of Na+ and cellular uptake of K+.  This effect 

is independent of its hypoglycaemic action5.   

 

STUDY N Dose of 
Soluble 
Insulin 

Dose of 
Glucose 

Mean 
initial K+ 
(mmol/L) 

Peak 
reduction 

in K+ 
(mmol/L) 

Time 
of 

max 
action 

Duration 
of Effect 

(min) 

Hypoglycaemia 
(%) 

Lens13  
1989 

10 10 units 40g 6.7 1.0 60 >360 20 

Allon7 
1990 

12 10 units 25g 5.48 0.65 45 >60 75 

Ljutic11 
1993 

9 10 units 25g 6.33 0.76 60 >60 11 

Allon8 
1996 

5 5 
mU/kg/min 

60g 4.28 0.85 60 >60 0 

Duranay12 
1996 

20 10 units 30g >6.0 0.98 180 >360 0 

Kim14 
1996 

8 5 
mU/kg/min 

40g 6.3 0.7 60 >60 0 

Ngugi10 
1997 

70 10 units 25g 6.9 0.9 60-
120 

>360 20 

Mahajan9 
2001 

30 12 units 25g 6.59 0.83 180 >360 3.3 

Table 4:  Efficacy of insulin-glucose monotherapy. 

The administration of hypertonic glucose alone is not recommended for the treatment of 

hyperkalaemia as endogenous insulin production is unlikely to be sufficient for a therapeutic 

effect and there is a risk of exacerbating the hyperkalaemia by inducing hypertonicity6.  In 

hyperglycaemic patients, e.g. diabetic ketoacidosis, insulin should be given without dextrose 

as the cause of hyperkalaemia is likely to be the hyperglycaemia itself. Potassium 



Sodium bicarbonate	



•  Useful (necessary) if hyperkalaemia is accompanied 
by acidosis +/- volume depletion	



•  1.26% NaHCO3	



•  Beware sodium load, drop in ionised calcium	





Removing K+ from the body	



•  Cation exchange resins: calcium resonium	


–  Probably overused	



–  Risk of intestinal necrosis	



•  Furosemide + iv saline	



•  Fludrocortisone?	


•  Dialysis	



•  Review medications…	





Fluids & volume status	



•  Volume resuscitation in pre-renal AKI	


… which fluid, how much, how quickly?	



•  Importance of monitoring, reassessment	


•  Beware of causing volume overload	



	


Raised tubular

pressure

Reduced
ultrafiltration

gradient

Increased
renal vascular

resistance

Increased
venous pressure

Extrinsic pressure
(intra-abdominal hypertension)

Raised interstial pressure
Renal oedema
■ Local inflammation
■ Venous congestion
■ Tubular leakage

Increased
venous

pressure

Increased
renal vascular

resistance

Figure 1

Prowle, J. R. et al. (2013) Fluid management for the prevention and 
attenuation of acute kidney injury	


Nat. Rev. Nephrol. doi:10.1038/nrneph.2013.232	







Managing fluid overload in AKI	



•  Nitrates	


•  Loop diuretic	


•  CPAP	



•  Dialysis	





Bicarbonate replacement for metabolic 
acidosis	



•  Particularly useful in the context of acidosis due to 
diarrhoeal loss	



•  Recommended in rhabdomyolysis	


•  Discuss with nephrology or critical care	


•  Beware sodium load, hypocalcaemia, respiratory 

disease	





Other complications	



•  Calcium & phosphate	


–  Correct hypocalcaemia before correcting acidosis	



–  Phosphate binders, alfacalcidol may be necessary	



–  NB care with correcting hypocalcaemia in rhabdomyolysis or if 

phosphate very high	



•  Bleeding risk	


–  Consider stopping anti-platelet agents	



–  Gastroprotection: ranitidine / PPI	



–  Care with thromboprophylaxis & dosing of LMWH	



–  DDAVP if overt bleeding / invasive procedures – but beware of causing 
hyponatraemia	





Supportive management	



•  Think about nutrition early	


–  Specialist dietitian input early	


–  Help with potassium control	



•  Identify & treat sepsis early	


•  Identify & stop nephrotoxins	


–  NSAIDs,  ACEi/ARB, metformin, radiological contrast.	


–  Consider witholding anti-hypertensives	



	


•  Make arrangements to recheck kidney function, 

review medications, consider cardiovascular risk	





Acute Kidney Injury and Chronic Kidney Disease as an Interconnected Syndrome.	
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Questions	




