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Introduction 

These cases are designed to support your learning during your time in Acute and General Medicine. 

You can use them when you have free time on the ward. They can be done either alone, or in a small 

group. They use fictional scenarios to demonstrate learning points from common presentations to 

the Acute Medical Unit (AMU) and on the General Medical wards. As you work through the cases, 

you will find a mixture of case discussions, practical activities, and practice questions to assess your 

learning.  

If there is a knowledge check or interpretation exercise, the answer can be found on the back of the 

same page that the question is on.  

 

Case History 

A 33-year-old male (Stephen) with a background of Type 1 Diabetes presents to the Emergency 

Department with abdominal pain, nausea, and weakness. He has been unwell for 2 days with a 

vomiting illness and has been unable to eat and drink as usual. He decided to stop taking his regular 

insulin for this period.  

 

Type 1 diabetes was diagnosed during childhood for which he takes Lantus 10 units BD and 

Novorapid 3-5 units before meals. He states that his blood sugars are usually well controlled, but you 

note that he has failed to attend his last two appointments with the diabetes team. 

He has no other background of note and does not take any other regular medications. 

He drinks alcohol at the weekend, totalling 30 units over 2 days.  He is an occasional tobacco and 

cannabis smoker.  

 

On examination 

Stephen is a very slim male with evidence of possible malnutrition. There is a fruity, sweet smell to 

his breath. He is breathing fast and deeply (Kussmaul’s breathing) but saturating well on room air 

and chest auscultation is clear. Capillary refill time is 4 seconds, he has dry mucous membranes and 

poor skin turgor. He is drowsy and a little muddled with a GCS of 14. Abdomen is generally tender, 

but there is no peritonism. Bowel sounds are present. 

 

 

Knowledge Check One  

Based on the information available, what is the most likely diagnosis? 

 

Activity One 

You proceed to measure blood glucose and blood ketones using point of care devices. 

 

Ask the doctors and nurses on the ward if anybody needs their blood sugars or ketones checked 

using point of care devices. Note that there are many inpatients with diabetes, especially on wards 

207 or 208, some of whom may not be checking their blood sugars as frequently as they should. You 

can help with this! 
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Knowledge Check One - Answer 

In a patient with Type 1 Diabetes Mellitus who has been unwell, with reduced oral intake and has 

not been taking their insulin, you should be suspicious of DKA. This impression would be supported 

by the Kussmaul breathing, which is deep, laboured respiration in response to metabolic acidosis.  
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Knowledge Check Two 

1. Describe the biochemical triad which defines DKA. 

2. What initial investigations would you plan? 

 

Activity Two 

Ask the doctors and nurses on the ward if anybody needs venepuncture. 

Practise attaching or ask one of the junior doctors or ANPs how to attach a blood gas syringe to a 

venepuncture needle.  

 

Interpretation One 

Stephen has his capillary blood glucose and ketones taken by the nursing staff. You take a venous 

blood gas. The results are below.  

 

Blood glucose meter reads “HI”.  Blood ketones meter: 4.1 mmol/L 

 

Test Result Normal Range 

pH 7.15 7.35 – 7.45 

pO2 (kPa) 5.6 11.1 – 14.4 

pCO2 (kPa) 3.7 4.7 – 6.4  

HCO3
- (mmol/L) 16 22 - 28 

Base Excess (mmol/L) -8 -2 - 3 

Glucose (mmol/L) 36.2  

Lactate (mmol/L) 3.5 <2 

 

Interpret these results 

 

Knowledge Check Three 

1. Describe the common precipitants for DKA 

2. List the drugs/medications that can be associated with DKA 
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Knowledge Check Two – Answers 

1. DKA is defined by: 

a. Hyperglycaemia (blood glucose >11) 

b. Ketosis/ketonaemia/ketonuria (capillary blood ketones >3 mmol/L or ketones 2+ or 

more on standard urinalysis) 

c. Metabolic acidosis (pH <7.3) 

2. You would proceed to take a full set of bloods (including FBC, U&Es, LFTs, CRP, amylase, 

Calcium, formal glucose) and a venous blood gas as well as measuring point of care blood 

glucose and blood ketones. 

 

Interpretation One – Answer 

The venous blood gas demonstrates a metabolic acidosis. Acidosis is demonstrated by a pH of less 

than 7.35. We know it is metabolic as the bicarbonate is low. Taken with the blood glucose and 

blood ketones results, the venous blood gas is consistent with a diagnosis of DKA. This is a venous 

blood gas, so a full analysis of gas exchange cannot be undertaken, but note the hypocapnia 

reflecting hyperventilation.   

 

Knowledge Check Three - Answers 

1. The commonest causes of DKA are: 

a. inadequate insulin therapy 

b. infection 

c. myocardial infarction or other acute illness. 

2. Any condition which causes physiological stress and increases counter-regulatory hormones 

can precipitate DKA including trauma, surgery, and pregnancy.  

Medicines that can precipitate DKA include: 

a. Corticosteroids (increase insulin resistance) 

b. Thiazides  

c. SGLT2 inhibitors (prevent reabsorption of glucose and facilitate its excretion in 

urine)  

d. Sympathomimetics (alter glucose metabolism) 

e. Cocaine  

f. Cannabis 

g. Acute alcohol intoxication 
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Knowledge Check Four 

Senior or critical care support should be sought in the case of severe DKA. 

Which of the following are indicators of severe DKA? 

1. Blood ketones >3 

2. Hypokalaemia on admission (<3.5 mmol/L) 

3. Oxygen saturations <92% on air 

4. Bicarbonate <15 mmol/L 

5. GCS <12 

 

 

Activity Three 

In NHS Lothian (and across Scotland), there is a standard protocol for the management of DKA. The 

protocol has been included with this pack. Look through the protocol to familiarise yourself with it. 

Think about why each of the elements of the protocol are required. What else have you noticed 

about the protocol? There is some information in the answers to read through when you are done.  
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Knowledge Check Three– Answers 

1. No - blood ketones >3 indicates a diagnosis of DKA. Blood ketones >6 is a marker of severe DKA 

2. Yes - hypokalaemia on admission (<3.5 mmol/L) is a marker of severe DKA 

3. Yes - Oxygen saturations <92% on air 

4. No - Bicarbonate <15 mmol/L indicates an acidosis, necessary for the diagnosis of DKA. 

Bicarbonate <5 mmol/L indicates severe DKA, as does pH <7.0 

5. Yes - GCS <12 

 

Activity Three – Answer 

The DKA protocol can, at first, seem quite complex. This section will explain why each element is 

important.  

- Fluids – One of the mainstays of DKA management is aggressive fluid resuscitation. When 

people have the high blood glucose readings that are associated with DKA, they become 

very dehydrated. Normally, all of the glucose filtered by the glomerulus is reabsorbed in the 

proximal tubule of the kidney by the SGLT2 transport protein. When the blood glucose is 

very high, this transport protein becomes saturated, resulting in high concentrations of 

glucose in the urine. Through osmosis, the high glucose concentration drags water into the 

collecting system, resulting in high volumes of urine being produced, and subsequent 

dehydration. Patients with DKA are very fluid deplete and require large volumes of fluid to 

replace the fluid lost.  

- Insulin – DKA is a state of insulin deficiency. IV insulin is required to correct hyperglycaemia 

and to ‘switch off’ ketogenesis 

- Potassium – Relative insulin deficiency results in reduced potassium uptake into skeletal 

muscle. Hyperosmolality in the blood results in potassium efflux from cells. This potassium is 

lost in urine during the osmotic diuresis associated with hyperglycaemia, so total body 

potassium will be low in DKA. When IV insulin is initiated, it will drive extracellular potassium 

into cells. A combination of these two factors can result in potentially life-threatening 

hypokalaemia. Therefore, IV potassium is a requirement of the treatment of DKA, even if 

blood potassium levels are normal.  

- Glucose – During the management of DKA, IV glucose is started when the blood glucose 

drops below 14mmol/L to prevent hypoglycaemia. This is particularly important as IV insulin 

cannot be stopped during the management of DKA.  

The DKA protocol is very effective but can be intimidating when first looked at. You may have 

noticed that the protocol requires regular observation, blood glucose and ketone measurement, and 

regular formal laboratory bloods. Additionally, it requires multiple infusions concurrently. For these 

reasons, the DKA protocol should only be administered in monitored areas where there are 

sufficient nursing staff who have been appropriately trained in its use. This is often in a Critical Care 

area, but in the Royal Infirmary of Edinburgh it can also be administered in AMU Base One. 
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Read through the following management steps and identify the stages on the NHS Lothian DKA 

protocol as you progress. 

 

Standard Initial Management (0-1hr) 

1. Intravenous fluids should be started as soon as DKA is confirmed. 

Commence IV 1 litre Sodium Chloride 0.9% over 1 hour within 30 minutes of admission. 

2. Start a fixed-rate intravenous insulin infusion (FRIII) according to local protocols 

e.g., soluble insulin IV 6 units/hour within 30 minutes of admission  

 

Knowledge Check Four 

How would your initial fluid therapy change if the patient was hypotensive with a BP of 

84/56mmHg? 

 

Ongoing management (1-4 hours)  

1. Review Potassium (K+) result and replace accordingly 

Prescribe KCL in in 0.9% Sodium Chloride according to local guidelines. In Edinburgh, the 

diabetes team advise prescribing additional KCL in 500ml Sodium Chloride 0.9% bag as: 

• No potassium if anuric or K+ greater than 5 mmol/L  

• 10 mmol if K+ 3.5 – 5 mmol/L  

• 20 mmol if K+ <3.5 mmol/L 

 

2. Give ongoing fluid replacement as follows: 

Hour 2: 1 litre Sodium Chloride 0.9% + Potassium Chloride (KCL) 

Hours 3 & 4: 500mls Sodium Chloride 0.9% per hour + Potassium Chloride (KCL) 

 

3. You keep a close eye on Stephen and perform the following checks: 

• Finger glucose checked hourly at 1hr, 2hr, 3hr, 4h 

• Lab glucose, U&Es and HCO3- at 2hr & 4hr 

 

Knowledge Check Five 

1. What is the maximum infusion rate for potassium chloride on general wards?  

2. How should higher rates of potassium infusion be administered? What monitoring is 

required? 

 

Blood Glucose falls <14 mmol/L 

As may be expected, Stephen’s blood sugar falls to 13 at the 4hrly check. 

You start Glucose 10% with 20 mmol KCL at 100 ml/hour 

You reduce 0.9% Sodium Chloride + KCL (according to Potassium [K+] result) to 150ml/hr. 

You reduce the fixed rate insulin infusion to 3 units/hour. 

He is monitored closely for the next 24hours during which time his blood sugars remain stable 

between 9 & 14 mmol/L.  

He receives his usual Lantus (long-acting insulin) at the usual time. 

 

He seems to have make a good recovery and you consider converting Stephen back to his usual 

subcutaneous insulin regimen 
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Knowledge Check Four - Answer 

You would give resuscitation fluids. An initial fluid bolus of 500 mL of normal saline (0.9% sodium 

chloride) should be given over 10 to 15 minutes. If SBP remains <90 mmHg you would give a further 

fluid bolus (over 10 to 15 minutes – often written as STAT) and get help from a senior colleague. 

 

Knowledge Check Five – Answer 

1. The infusion rate of potassium chloride should not normally exceed 10mmol/hr. 

2. Faster rates of potassium infusion can be given via a central line with cardiac monitoring in 

situ. This should take place in a critical care environment. Potassium should not be given at a 

rate faster than 20 mmol/hr  
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Knowledge Check Six  

1. List factors that suggest that it is appropriate to consider converting Stephen back to his 

usual subcutaneous insulin regimen. 

2. How long after the usual injection of pre-meal Novorapid should the IV fluids and IV insulin 

be stopped? 

 

Day Three of Admission 

After making a good initial recovery, you are called to see Stephen during your night shift. The 

nurses on ward 207 report that they were unable to check Stephen’s glucose at the usual time as he 

was off the ward, but when he returned at 22.30, they check his blood sugar and find that it was 3 

mmol/L. On investigation it becomes apparent that Stephen missed his evening and lunchtime meals 

as he was off the ward, but still took his usual insulin therapy.  

He is conscious, orientated, and able to swallow.  

 

Hypoglycaemia (a blood glucose of less than 4mmol/L) is a serious condition and should be treated 

as an emergency regardless of level of consciousness.  

 

Activity Four 

Familiarise yourself with the equipment to manage hypoglycaemia on the ward. You should find: 

1.  Glucojuice, Glucotabs and GlucoGel in the ward Hypo box 

2. Glucagon IM in the ward fridge 

3. IV fluids in the ward treatment room  

4. Biscuits, Bread and Fortijuice in the ward kitchen 

 

Review the included NHS Lothian protocol for hypoglycaemia, which is enclosed with this pack. 

 

Knowledge Check Seven 

1. What would be your first line treatment? 

2. If ineffective what would be your second line treatment? 

3. You test the blood glucose after 10 minutes and it has come up to 5.6 mmol/L. What would 

you give next? 

 

With the above treatment, Stephen’s blood glucose improved and remains stable. You are asked by 

the nursing staff to prescribe insulin for the next day. On the next page is some guidance about 

prescribing insulin.  
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Knowledge Check Six – Answer 

1. Switching Stephen back to his normal insulin regime should be considered when DKA has 

resolved, and he is eating and drinking normally. Therefore, the switch should be considered 

when: 

a) Stephen is eating normally  

b) Nausea and vomiting have settled 

c) Blood glucose and ketones are controlled 

d) d) the HCO3- is within the normal reference range  

 

2. Stop IV fluids and IV insulin 30 minutes after usual injection of pre-meal subcutaneous 

insulin 

 

Knowledge Check Seven 

1. Initial treatment for hypoglycaemia is 15-20 g of quick acting carbohydrate. Examples 

include:  

a) Glucose drink - approx. 100ml of Glucojuice  

b) 4-5 Glucotabs®  

 

2. If quick-acting carbohydrate is ineffective, use 1mg Glucagon IM 

 

3. Give 20g of long acting carbohydrate - e.g. 2 biscuits / slice of bread / 200-300ml milk / next 

meal containing carbohydrate  

Give 40g of long acting carbohydrate if IM Glucagon has been used. 
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Insulin regimens 

There are two insulin regimes that are frequently seen in hospital inpatients. These are the basal 

bolus regime, and the twice-daily mixed insulin regime. The basal bolus regime involves injecting a 

long-acting insulin once a day (the basal insulin) to maintain satisfactory glucose levels during 

periods of fasting, with injections of short-acting insulin at mealtimes (the bolus insulin) to keep 

glucose under control following meals. This regime tries to simulate normal variations in insulin 

levels with meals and tends to be used in patients who have Type 1 Diabetes.  

 

The twice-daily mixed insulin regime involves the injection of a mix of rapid-acting and intermediate 

acting insulin at breakfast and dinner times. The rapid acting insulin aims to keep glucose under 

control at these mealtimes, while the intermediate acting insulin aims to control glucose during the 

day. This insulin regime is often used in patients with Type 2 Diabetes who require insulin, but it is 

occasionally used in Type 1 Diabetes in specific circumstances. 

.  
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In general, insulin is given with meals, and we are aiming for a blood glucose in the hospital between 

6 and 12 mmol/L. When prescribing insulin, a key thing to remember is that you should not prescribe 

the dose based on the blood glucose that has been found at that mealtime. This is because the blood 

glucose at that mealtime reflects the previous dose of insulin that was given. 

In basal bolus regimes: 

• If blood glucose is high/low before breakfast, adjust the evening long-acting insulin 

• If blood glucose is high/low before lunch, adjust the morning rapid-acting insulin 

• If blood glucose is high/low before dinner, adjust the lunchtime rapid-acting insulin 

• If blood glucose is high/low before bed, adjust the dinner time rapid-acting insulin 

In twice-daily mixed insulin regimes: 

• If blood glucose is high/low before bedtime or breakfast time, adjust the dinner time mixed 

insulin 

• If blood glucose is high/low before lunchtime or dinner time, adjust the breakfast mixed 

insulin 

To demonstrate, look at Chart One (see next page for insulin charts 1-6). For the 8th of September 

you can see that the blood glucose at dinner time has been low for the last 48 hours (4.1 and 3.8). 

This is because too much rapid-acting insulin was given at lunchtime, so it is the lunchtime dose that 

needs adjusted. In general, 1 unit of insulin will lower the blood glucose by 2-3 mmol/L. By applying 

this principle in reverse, I would reduce the lunchtime dose of insulin to 6 units, and I would 

anticipate the evening blood glucose would increase by 4-6mmol/L at teatime.  

In Chart 2, the morning blood glucose reading for the past 48 hours is high. This is because the doses 

of mixed insulin being given at dinner time the night before are too low. Therefore, the dinner time 

Humulin M3 dose needs to be increased. When adjusting the dose of a mixed-insulin, we tend to 

change the dose by 10-20%. Therefore, I would increase the dinner time dose of Humulin M3 to 18 

units.  

 

Interpretation Three 

Look through insulin charts 3, 4, 5 and 6. Based on the information given above, consider what 

changes you would make to the patient’s insulin based on the readings in the previous 48 hours. 

Would you increase, decrease or leave the doses the same? By how much would you change the 

dose? 
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Interpretation Three - Answers 

Chart Three – This chart demonstrates a patient on a basal bolus regimen who is having high 

capillary blood glucose readings before bed. As the capillary glucose is greater than 14, the nursing 

staff have also checked ketones at this time. The ketones are satisfactory. A high blood glucose 

before bed suggests that the dose of rapid-acting insulin at dinner time was insufficient. Therefore, 

this should be increased. In this situation, I would increase the dinner time Novorapid to 8 units, 

with the expectation that this would reduce the evening blood glucose by 4-6mmol/L 

Chart Four – This chart demonstrates a patient on a mixed insulin regime, who is having 

hypoglycaemia before dinner time. The blood glucose at lunchtime is also at the lower limit of the 

acceptable range. In this scenario, the nursing staff have treated the hypoglycaemia, resulting in an 

improvement in the patient’s blood glucose. Low capillary blood glucose at lunchtime and teatime 

suggests that the morning mixed insulin dose is too high. Therefore, this dose should be reduced by 

10-20%. In this case, I would reduce the morning insulin to 26 units to prevent further 

hypoglycaemia.  

As an additional note, once the hypoglycaemia has been corrected, and provided the patient has had 

a good evening meal, you would give them there normal dose of insulin at dinner time. Withholding 

this dose would result in hyperglycaemia later.  

Chart Five – This chart demonstrates a patient on a basal bolus insulin regime, who is having 

episodes of hypoglycaemia in the morning. Again, the nursing staff have treated the hypoglycaemia 

resulting in an improvement in the blood glucose. The long-acting insulin, in this case lantus, is the 

insulin in a basal bolus regime that maintains a satisfactory blood sugar overnight. If a patient is 

having hypoglycaemia in the morning, this suggests that the long-acting insulin dose is too high, 

Therefore, I would reduce this dose by 10-20%, and reduce it to 25 units. Again, the hypoglycaemic 

episode in the morning should not result in the morning dose of Novorapid being withheld provided 

that the hypo has been treated and the patient is eating. Withholding insulin could result in a 

dangerous hyperglycaemia after breakfast.  

Chart Six - This chart demonstrates a patient on a mixed insulin regime who is having high blood 

glucose readings at lunchtime and dinner time. Again, the nursing staff have checked ketones at 

dinner time, and the ketone levels are safe. The highs at lunch and dinner time suggest the morning 

dose of mixed insulin is too low. Therefore, the morning dose should be increased by 10-20%, and I 

would increase the morning dose to 24 units.   
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Conclusion 

Well done on completing this case. I hope that you have found it informative. If you have any 

questions, please contact …  

Dr Sophie Horrocks, Sophie.horrocks@nhslothian.scot.nhs.uk 

Dr Toby Merriman, Andrew.Merriman@nhs.scot 

 

Thank you for completing this long case. As these cases are new intervention, we would 

really value your feedback. 

We would be very grateful if you could complete the feedback form accessed from the QR 

code below.  
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