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• How the lab deals with critical results 

• Action Limits 

• Common electrolyte disturbances

• Interpretation & Investigation of abnormalities

• Erroneous Results 

• Role of the Duty Biochemist  
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Action Limits 
DAY



Action Limits 
OOH



RESULT

Does it fit 

clinically?

Is it Normal or Expected?

Significant difference to 

previous result?

Analytical 
Considerations

Clinical 
Context



POTASSIUM

Normal Range

6.52.5

HyperkalaemiaHypokalaemia

3.5 5.3

Lab calls out K ≥ 6.5

Not haemolysed

Lab calls out K+ ≤ 2.5

K +<2.0 in known renal patients 

mmol/L



• Delayed Separation 

• Haemolysis
Release of K+ from erythrocytes            falsely elevated results

PseudoHyperkalaemia

K+

• Temperature
e.g. cold storage of whole blood samples

• Platelets &       WBC  (thrombocythaemia & leukocytosis)
RA, Haem malignancies e.g. CLL 
Measurement on a Lithium Heparin sample 

• Familial Pseudohyperkalaemia (rare)

• EDTA Contamination
e.g. blood is poured from one tube to another
Usually accompanied by a markedly low Ca2+



HYPERKalaemia

K+

• SYMPTOMS
Palpitations 
Paraesthesia 
Muscle weakness
Arrhythmias

• CLINICAL CONTEXT
Previous results 
Acute illness (AKI, DKA)
Renal Disease (CKD)
Obstructive Uropathy
Medication (K+ sparing diuretics, 
ACEi, ARBs, NSAIDs) 
Cellular Lysis (Tumour, Rhabdo)
Renal Tubular Acidosis type 4

• ECG CHANGES



HYPERKalaemia



HYPOKalaemia

K+

• SYMPTOMS
Cardiac: Palpitations, arrythmias 
Neuromuscular: Muscle weakness, cramps, 
hypotonia, paralytic ileus & constipation

• CLINICAL CONTEXT
Dialysis 
Medication (diuretics)
GI disturbance (D&V)
Nutritional status, dietary K+ intake
Cushingoid features
Hypertensive

• OTHER Ix
Magnesium Level
Renin Aldosterone studies
pH / HCO3 – alkalosis

• ECG CHANGES
Potentiation of digoxin toxicity



Transcellular K+ movement
• Metabolic Alkalosis 
• Iatrogenic – Insulin, β-adrenergic agonists, steroids
• Refeeding syndrome

Decreased K+ intake
• Oral, Parenteral

HYPOKalaemia Causes

Increased K+ excretion 
• Renal 
Diuretics, 
Diuretic phase of ARF, Dialysis  
1° & 2° Hyperaldosteronism (Conn’s)
Cushing’s Syndrome 
Barters’, Gitelman’s’ & Liddle’s  Syndromes
Renal Tubular Acidosis Type 1 and 2 

• Extrarenal 
Diarrhoea, vomiting, laxatives
Pyloric Stenosis, Ileostomy 
Excessive sweating 

Mineralocorticoid excess 
Endocrine causes

Gastrointestinal Loss



SODIUM

Normal Range

150125

HypernatraemiaHyponatraemia

133 145

Lab calls out* 

Na ≥ 150 mmol/L

Lab calls out 

Na ≤ 125 mmol/L

Na ≤ 130 mmol/L in <16yo

mmol/L

*155 ≤ Na ≤ 125 mmol/L for inpatients



HYPONatraemia
• SYMPTOMS
Headache, confusion, weakness,  convulsions, drowsiness – GCS level

• CLINICAL CONTEXT
Previous results - acute vs chronic 
Rate of change - rapid vs stable
Volume status - hypovolaemic vs euvolaemic vs fluid overload
Organ Failure - renal (nephrotic syndrome), liver (cirrhosis), cardiac 
(CCF), adrenal
Medications (diuretics) 
Addisonian features – BP, K+ level

• OTHER Ix
Lipid profile
Albumin level
Glucose level
TFTs
SST
Paired urine + serum osmolality & urinary Na level

Genuine? 
• Hyperlipidaemia
• Contamination 
• Hyperglycaemia (causes 

redistribution)
• Increased proteins



Hyponatraemia

Urine Osmolality

≥100 mOsm/kg<100 mOsm/kg

Consider all 
other causes

Urine Na+ >30mmol/LUrine Na+ <30mmol/L

If on 
diuretics 
or ACEi

- SIAD
- NSIAD
- Salt Wasting
- Vomiting
- Hypoadrenalism
- AVP-like drugs

- Heart Failure
- Portal Hypertension
- Nephrotic Syndrome
- Hypoalbuminaemia
- Third Space Loss
- Previous diuretic use
- GI Loss

- Primary 
Polydipsia
- Inappropriate 
IV fluid intake
- Low solute 
intake

Mild 130-135mmol/L 
Moderate 125-129mmol/L 
Profound <125 mmol/L  

Society of Endocrinology Clinical Guidelines

Adapted from Diagnostic Algorithm for patients presenting with Hyponatraemia, Society for Endocrinology Endocrine Emergency Guidance, 2016 [1]. 



HYPERNatraemia

Salt Intake

H20 Loss

H20 Intake

• Diuretics
• Diabetes Mellitus - HHS
• Diarrhoea & vomiting
• Prolonged fever,  sweating
• Diabetes Insipidus
Nephrogenic
Cranial 

Genuine? Drip Contamination



CALCIUM

Normal Range

3.21.8

HypercalcaemiaHypocalcaemia

2.20 2.60

mmol/L

Lab calls out 

Adj Ca2+ ≥ 3.2 mmol/L

Lab calls out 

Adj Ca2+ ≤ 1.8 mmol/L



Serum Calcium

Ca2+ absorption (gut)  Bone metabolism Renal excretion 

PTH

• Serum Ca2+ is expressed as adjusted values as it is ~ 50% bound to albumin

Adjusted Ca2+ = measured [Ca2+ ] + {40-[Alb] x 0.013} 

adjusted Calcium



HYPOCalcaemia

• SYMPTOMS & SIGNS
Peri-oral and digital paraesthesiae
Muscle cramps, carpopedal spasm & tetany 
Laryngospasm / stridor
Convulsions
Chronic: BG calcification, cataracts, 
papilloedema, abnormal dentition 

Ca2+

Trousseau’sChovsteks’s

• ECG CHANGES
Prolonged QT interval, arrthymia

• CLINICAL CONTEXT
Thyroid / Parathyroid surgery 
Malabsorption
Renal insufficiency
Medication (bisphosphonates, cytotoxics, 
furosemide, phenytoin)

OTHER Ix
Bone profile, PTH , Vitamin D, Mg level 



HYPOCalcaemia

Ca2+

PTHPTH

• HypoMg  
• HypoPTH
Autoimmune
Infilitrative
Congenital
Post- surgery

• Dietary
• Low sunlight
• Malabsorption
• Iatrogenic

Phenytoin, 
rifampicin 

• PseudohypoPTH
• Rhabdomylysis
• Cell Lysis
• HyperPO4

25-OH Vit D 

Ca2+      PO4, Normal ALP

Ca2+      PO4Mg2+

Genuine?  EDTA or drip arm contamination  

CKD

Ca2+      PO4

Other

• Acute
Pancreatitis
• Bone Mets
• Blood Transfusions



HYPERCalcaemia

• SYMPTOMS & FEATURES
Polydipsia & polyuria
Constipation
Abdominal pains, indigestion
Tiredness
Renal colic

• CLINICAL CONTEXT
Symptomatic vs asymptomatic
Medication (thiazide diuretics)
Malignancy – known diagnosis vs
red flag symptoms
Renal failure 
Known hyperPTH

Ca2+

• ECG CHANGES
Short QT interval, arrthymia



HYPERCalcaemia

Ca2+

PTHPTH

• Primary HyperPTH
• Exclude FBHH
• Tertiary HyperPTH

• Malignancy
Breast
Bronchus
Prostate
Myeloma 

• Thiazide diuretics 
• Vit D intoxication
• Sarcoidosis
• Thyrotoxicosis 
• Acute hypoadrenalism
• Paget’s Disease
• Milk-Alkali Syndrome  



MAGNESIUM

No upper limit 
called out by 

lab 

0.7 1.0

Normal Range

0.4

Lab calls out:

Magnesium ≤ 0.4 mmol/L

mmol/L
Hypomagnesaemia



HYPOMagnesaemia

• ECG CHANGES
Cardiac arrthymias

• SYMPTOMS & SIGNS
Muscle weakness & tetany 
Agitation, delirium
Ataxia, tremor, convulsions

• CLINICAL CONTEXT
Malabsorption
Chronic diarrhoea
Malnutrition
Refeeding syndrome
ETOH excess (withdrawal, chronic)
Cirrhosis
Medication :
PPIs, loop diuretics 

Mg2+



PHOSPHATE

No upper limit 
called out by 

lab 

0.8 1.5

Normal Range

0.3

Lab calls out:

Phosphate ≤ 0.3 mmol/L

mmol/L
Hypophosphataemia



HYPOPhosphataemia
• SYMPTOMS & SIGNS
Acute: muscle weakness & dysfunction, rhabdomylysis
Chronic: rickets & osteomalacia

Excretion RedistributionIntake

• Respiratory 
Alkalosis

• Refeeding 
Syndrome 

• Hungry Bone 
Syndrome

• DKA
• Sepsis
• Mg / K+

• Anorexia
• ETOH 

misuse

• IBD
• Antacids
• Diarrhoea
• Vomiting
• Steatorhoea

Dietary Absorption
• Hyperparathyroidism
• Vitamin D Deficiency or 

Resistance
• Fanconi’s Syndrome 
• Hypophosphataemic

Rickets (Genetic)
• Tumour-Induced 

Osteomalacia (TIO)
• Drugs (e.g. diuretics)

Renal 

Management of hypophosphataemia. Patel R., Taylor A., Pile T., 2013. Br J Hosp Med (Lond), 74: C66-70 



• Renal Insufficiency - CKD
• Tumour Lysis Syndrome
• Hypoparathyroidism
• Pseudohypoparathyroidism
• Acromegaly
• Excessive intake
• Vitamin D intoxication

HYPERPhosphataemia

Genuine?  Delayed separation or haemolysis of blood 
sample



KIDNEY INJURY

No lower limit 
called out by 

lab 
Lab calls out:

UREA 
≥ 30 (adult)

≥10 (<16yo)

CREATININE
≥ 354 (adult)

≥ 200 (<16yo)

AKI 2,3

AKI 1 Only if K > 6.0

AKIBASELINE



AKI Staging – CKS NICE [5]

CREATININE URINE OUTPUT

STAGE 1
≥ 1.5x
from baseline within 7 days

6 hours of oliguria
(<0.5mL/kg/hr)

STAGE 2
≥ 2x
from baseline within 7 days

>12 hours of oliguria
(<0.5mL/kg/hr)

STAGE 3

≥ 3x
from baseline 
Or
Rise to ≥354 µmol/L with 
≥50% rise within 7 days

Anuria for 12 hours
Or
Urine Output 
<0.3mL/kg/hr for 24 
hours



AKI - things to consider 
• Baseline 
What is ‘normal’ for patient
Rate of change – gradual progression vs acute change

• Result +/- Complications 
Acute on chronic renal failure 
pH, potassium level
Uraemia – pericarditis, encephalopathy
Urine output & risk of obstruction
Volume status – symptoms of overload
Evidence of hypovolaemia or sepsis

• Medication Review
Newly prescribed drugs e.g NSAIDs, ACEi, 
Ensuring renal doses e.g antibiotics

• Establish Cause



AKI

Pre-Renal Post-RenalIntrinsic

Sepsis Toxicity Obstruction Parenchymal

• Sepsis
• Dehydration
• Hypotension
• Haemorrhage
• Burns
• Low cardiac 

output

• Glomerulonephritis
• Systemic Disease

SLE
Vasculitis

• Nephrotoxins
NSAIDs
Aminoglycosides
Contrast

• Intrarenal obstruction 
(BJP)

• Kidney Stones
• Prostate 

enlargement
• Urinary tract 

malignancy
• Retroperitoneal 

fibrosis 
• Neurogenic 

bladder



Plasma Creatinine Concn

= reliable & simple biochemical test of glomerular function. 

Levels can fluctuate, independently of renal function, due to changes in 
muscle mass:

• Increased by: ingestion of meat, strenuous exercise, muscle bulk and 
with re-feeding. 

• Decreased by: starvation & in wasting diseases, immediately post-
surgery, treatment with corticosteroids. 

• Plasma creatinine concn decreases during pregnancy but rises again 
post-delivery. 

• Interference with lab measurements (e.g. ketones, bilirubin).



Interference



3. Lipaemia

2. Icterus

1. Haemolysis
• Can be in vivo or in vitro (incorrect 

sample processing)
• Lab can identify haemolysed 

samples
• Source of error in chemical 

analysis

• Elevated levels of bilirubin can also cause endogenous interference

=  turbidity in samples which is visible to the naked eye
• Most common cause is increased triglycerides
• Increased concentration of lipids in diabetes, pancreatitis, ETOH



Sources of Error

1. Pre-analytic 2. Analytic

• Sample collection – haemolysed, 

clotted, insufficient

• Incorrect tube type

• Incorrect / missing patient 

identification

• WBIT

• Contamination (EDTA, IV drip)

• Delay 

• Inappropriate transport or storage

3. Post-analytic

• Within the lab



Interpret electrolyte disturbances with:

o Clinical context 

o +/- symptoms and ECG changes

o Severity of result

o Rate of change and baseline result

Be aware of the artefactual & erroneous results that can occur due to pre-
analytic and analytical errors

Action Limits - critical results phoned out by the Lab within hours & OOH

A Duty Biochemist is always available for clinical advice, interpretation of 
results and further guidance. 

Summary



Biochemistry Advice 24/7

Within hours (Monday to Friday 09.00 – 17.30):

o Duty Biochemist 

Direct Line: 0203 313 0348

Email: ICHC-tr.biochemistryadvice@nhs.net

Out of Hours

o Oncall Metabolic Medicine Registrar and Consultant

Switchboard: 0203 311 1234

OOH Chemical Pathology (Duty Biochemist) via mobile.

Critical results as per the Action Limits are phoned out by the Lab
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