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A growing
problem

The number of new cases per

year of type 1 diabetes per
100,000 children aged 0-14
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Introduction

1500 children with diabetes in Wales:
150 new cases/year

96% have type 1 diabetes.
25% of cases are in DKA at diagnosis

DKA:
* requires intensive medical intervention
* is traumatizing for the child
* may have a long-term adverse effect on
their diabetes control
* is the commonest cause of death in

children with diabetes
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Patients presenting with a new diagnosis of diabetes will
invariably also be hyperglycaemic but patients with known
diabetes may present in DKA with a normal glucose
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Integrated care pathway for the management of children and young people with

Diabetic Ketoacidosis



oy Where to find them

Abetes

e CYPWDN DKA ICP booklet

 DKA ICP and calculator on your hospital
clinical portal

* https://www.bsped.org.uk/clinical-
resources/guidelines/

* https://www.bsped.org.uk/media/1742/dka-
icp-2020-vl 1.pdf

* https://www.dka-calculator.co.uk/



https://www.bsped.org.uk/clinical-resources/guidelines/
https://www.bsped.org.uk/media/1742/dka-icp-2020-v1_1.pdf
https://www.dka-calculator.co.uk/
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DOB

Affix Patient Identity Label
HOSP NO

NHS NUMBER
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Pre-ICP | Pre-ICP il

Signature Sheet
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Includes a DKA Integrated Care Pathway (ICP) designed by the BSPED DKA Specialist It is essential that all staMt using the pathway complete the “signature key box' below,

hhrﬁt - group in March 2020. The update is based on the ISPAD Clinical Practice this ensures that those using the pathway can be identified. You can then use your initials

Consensus Guideline 2018 and the Clinical Trial of Fluid Infusion Rates for Paediatric in the pathway instead of full signature and printed name.

Diabetes Ketoacidosis by IMPECMNMymN w.:mzmwmn—w

DOI: 101056/NEIMoal 716816, Print Name Designation Work Area Initists  Signature Date

The ICP has been reviewed and endcrsed by the Children & Young People’s Wales Diabetes

Network (& Bracon Group), It is accompanied by a powerpoint teaching resource intended
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“Any comments or suggestions may be addressed to

Dr Ambika Shetty Or Nirupa A D'Souza

Children’s Hospital for Wales OR Pcluem o! Wu Hospital

® ©

4th Edition: mm next review Don-mbcr 202!

3rd Edition; March 2016, 2nd Edition: May 2010, 1t Edition: June 2007

Please only use abbraviations in the pathway If they are on the list of approved

abhmvlaﬂm: on page 31 of the document.
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A Important safety notes
* General guidelines for management
* Treatment may need modification for individual patients
* Does not remove need for detailed re-assessments

* Should be used by or under supervision of clinicians experienced in

management of paediatric DKA
* Should be used in conjunction with full BSPED guideline
* Part of official patient care record and should be filed in patients notes
 Must complete box in right hand corner with name, signature, date and time

e Any variation from care plan must be documented on variance sheet



# |CP and calculator layout

The flow charts are structured in a systematic way as follows:

Indicates the start of a flow chart, showing how it was reached,

o The blank space indicates an entry to be completed by the clinician. A green tick icon
Glucose mmolL indicates that an entry is part of the national DKA audit programme.

Indicates a tick box option,

Indicates a decision point. Foliow the appropriate arrow (o continue,

Shows additional critical or useful guidance,

Indicates the end of a flow chart sequence, showing which flow chart to use next.
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MAIN PROTOCOL SECTION
Page 3~ Flow Chart 1 - ASSESSMENT & DIAGNOSIS
Page 4 — Flow Chart 2 - RESUSCITATION
Page 5 - Flow Chart 3 - SECONDARY REVIEW
Page 6 — Flow Chart 4 — FLUIDS
Page 7 - Flow Chart S - INSULIN
Page 8 - Flow Chart 6 - MONITORING & REVIEWS
Page 9 - Flow Chart 7 - ONGOING MANAGEMENT
Page 10 - Table 1 — SERIAL DATA SHEET

COMPLICATIONS SECTION
Page 11 - Flow Chart 8 - CEREBRAL OEDEMA
Page 11 — Flow Chart 9 - HYPOKALAEMIA
Page 12 - Flow Chart 10 - HYPOGLYCAEMIA
Page 12 - Flow Chart 11 — PERSISTING ACIDOSIS
Page 13 -~ Flow Chart 12 - HYPEROSMOLAR HYPERGLYCAEMIC STATE

APPENDICIES SECTION
Page 14 — Appendix 1 - GLASGOW COMA SCORE
Page 14 — Appendix 2 - ESTIMATED WEIGHT TABLE
Page 15 — Appendix 3 — MAKING UP IV FLUIDS
Page 15 - Appendix 4 - EXPLANATORY NOTES



« Lethargy, drowsiness

$ %
o ?} Patient Name:
- A §
%6 i n i ,§ FLOW CHART 1 - ASSESSMENT & DIAGNOSIS Date of Birth:
T Oiapetes N Hospital / NHS Number:

- { . Dehydlm’ N
. * Kussmaul breathing
e (deep, sighing)
. + Ketotic smell

i

< + Hyperglycaemia (>11mmoliL)
Suspect DKA « Acidaemia (pH<7.3)
+ Ketosis (blood ketones >3mmol/L or urine ketones ++)

° ’_[ Raised blood glucose, e .ul':gu
‘ : pH >7.3 AND bicarbonate >15mmol/L Use local guidelines
Glucose mmoliL

A
A
v

. Very high blood glucese (>35mmol/L),
e PH —4—{ No significant ketosis (<3mmol/L) OR
- : acidosis (pH>7.3, bicarb. >15mmol/L)
Ketones mmoliL -’
Bicarb. mmol/L pH <7.3 or bicarbonate <1Smmol/L |
AND i Diagnose DKA
Blood glucose levels are generally high Blood ketones >3mmollL )
(above 11mmol/L) but children and young
people with known diabetes may develop J

'
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ABC resuscitation

Initial management follows principles in APLS

'

A Establish airway: Seek urgent anaesthetic review if unable to protect airway.
If child comatose: Insert NG tube on free drainage.

B: Give 0, 100% via face mask with reservoir bag (only omit if child very well).

C: Establish IV access (consider 2" cannula for later blood samples), take bloods (see box).

Commence cardiac monitoring (peaked T waves may indicate hyperkalaemia).

'

Is the patient

shocked?

|

A

€

Poor peripheral pulses
Hypotension (late sign)

For estimated weight: . ° Recommended bloods:  For patients newly
+ Refer to appendix 2, page 14 Welg ht: kg « Blood ketones diagnosed:
« Ensure an accurate weight is obtained . B’;AOU gas . ;FTGE
before starting maintenance fiuids Actual / Estimated / Recent . EBCI‘U e e
| | | | (— « Lab glucose as per your local
o _l - policy
Tachycardia

Prolonged central capillary refill

| Yes|

(Vo] 1
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Assessment of shock

* Clinical evaluation of cardiovascular compromise can
be challenging in DKA

e Acidosis drives tachycardia and reduces peripheral skin
perfusion

 BSPED 2020 states shock as defined by the APLS

— Tachycardia

— Prolonged central capillary refill

— Poor peripheral pulses

— Hypotension (though this is a late sign of shock)
— NOT just poor peripheral perfusion.

 Aim to restore adequate circulation



.+ Assessment of dehydration
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* Clinical evaluation of hydration in DKA is very difficult

* pH to categorise the severity of DKA and to determine the
degree of dehydration

— Mild DKA — venous pH 7.2- 7.29 or bicarbonate < 15
mmol/l with 5% dehydration

— Moderate DKA — venous pH 7.1-7.19 or bicarbonate < 10
mmol/l with 7% dehydration

— Severe DKA — venous pH less than 7.1 or serum
bicarbonate < 5 mmol/l with 10% dehydration

e Koves et al



https://care.diabetesjournals.org/content/27/10/2485
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Resuscitation versus rehydration bolus
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= Tachycardia

+ Prolonged central capillary refill
= Poor peripheral pulses

+ Hypotension (late sign)

Is the patient
shocked?

& @

All non-shocked children with mild, moderate or severe DKA should
receive a 10mi/kg bolus of 0.9% saline over 1 hour

Shocked patients; 20 mi/kg bolus of 0.9% saline or plasmalyte over
15 minutes

Volume: ml
Volume: ml
Started:
Started:
Reassess: if still shocked further boluses of 10ml/kg (up to total of
40mU/kg) may be given
Volume: ml T L i : ;
be avoided because of the risk A bolus given on this arm
of cerebral oedema, it is is |ater subtracted from the
Started: < important to ensure that the calculated fluid deficit,
circulation is adeqguate and Ws::r::: ::Lpsne; for o
. fluid should be given to C! ents are not.
Volume: ml support this. Cegrebral See page 6 for details.
perfusion is dependent on both
Started: perfusion pressure and
' intracranial pressure, and
; s e . hypotension will exacerbate
If still shocked consider inotropes efd critical care escalation the risk of brain injury.

v

Resuscitation bolus should NOT be subtracted from the calculated fluid deficit.

Rehydration bolus SHOULD be subtracted from the calculated fluid deficit



Fluid deficit calculations
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pH <7.1 and/or bicarb. <5 Assume 10%

SEVERE DKA > dehydration |
Decide DKA pH 7.1-7.19 and/or bicarb. <10 Assume 7%
severity MODERATE DKA f—> dehydration |
[ pH 7.2-7.29 and/or bicarb. <15 | Assume 5%
MILD DKA P dehydration ™
Fluid calculations ]

v
Fluid deficit = kg x x 10 = ‘mL
]

[ 7 1 -1 EADY
a KQ A L o4 Ul

mL/hour

Deficit replacement = mL + 48 hours
rate

Fluid deficit = mL - mL = mL
(less bolus volume) =

Fluid deficit should be replaced over 48hrs
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Maintenance fluids

A mainstay of management in paediatric DKA has
been restriction of intravenous fluids

Rapid administration of intravenous fluids
reduces serum osmolality, resulting in cerebral
oedema

Retrospective reviews demonstrated better

outcomes in children with DKA who received less
fluid

HOWEVER - association vs causation with
possible confounding factors



“fS  Calculation of maintenance fluid in DKA

e.g. Fluids for a 12 kg child in DKA

Maintenance Total fluid/24 hrs
ml/hr
ISPAD 2018/BSPED 2020 45ml/hr 1100ml
BC Canada /John Hunters 45ml/hr 1100ml
Children's (Aus)
Royal Melbourne Hospital 53-70ml/hr 1272-1680 ml
BSPED 2009 40 ml/hr 960 ml
BSPED 2015 12ml/hr 288ml




THE NUMQERS

EPIS ODF‘

NO DIFFERENCE
. SETWEEN GROURS :

"DECLINE IN GCS TO <14

ﬁ .O ﬁ ﬁ : f

BETWEEN GROUPS
“CLINICALLY \PfAUl\” ‘
BRAIN INJURY

Neither rapid fluid delivery nor. the use of hypotonic 0.45%
saline led to a worsening of any:of the primary or secondary
outcomes.

Our traditionally cautious appr cach to brain injury in children
wath DKA is not supported. Fluid administration is unlikely to .
- be the cause of bra in injury in DKA. :
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Fluid maintenance calculations

Use Holliday-Segar formula: i.e. 100mLJkg for first 10kg;
50ml/kg for next 10kg; 20ml/kg thereafter.

7

Note: deficit is replaced over 48 hours, maintenance
rate is calculated over 24 hours.

.~ ) ¢
~J
Maintenance = mL + 24 hours = mL/hour
rate
|
i v

STARTING FLUID = mL/ + mL/ = L/

RATE (after bolus complete) hour hour hour
Plasmalyte 148 can be used as ano a ;
alternative to 0.9% Sodium Once initial bolus is complete: Y,
Chloride but must have added Start 0.9% Sodium Chioride + 20mmol GMC number
pomassiy; Potassium Chloride in 500mL at Signalure
If potassium is above normal range STARTING FLUID RATE as abo - .

add potassium to fluids only after > ) vb Time / Dare:

the patient has passed urine or Fluid start
after the Potassium has fallen to time / date
within the normal range.




S 47 Starting insulin

e Start the insulin infusion 1-2hrs after beginning intravenous
fluid therapy

 Start at 0.05units/kg/hr to 0.1units/kg/hr (severe DKA or
adolescents)

e Children under 5yrs should be given 0.05units/kg/hr

e Stop all other short-acting insulin including CSlI

e Continue long-acting insulin

* Consider starting long-acting insulin in newly diagnosed

Low-Dose vs Standard-Dose Insulin in Pediatric
Diabetic Ketoacidosis
A Randomized Clinical Trial

Layastwee, MD: Sunit Segds, MD: Arun Barsal. MD

JAMA Pediatr, 2014; 168(11): 999 — 1005
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Starting insulin

B e R e !
be " unless Jocal

mﬁzﬁm% Wat for 3+ hours after starteng IV Sud
nswvwgwﬁ veaiment before SIamNG Nsubn
'
Insulin hourly = ‘ 4 Units/kg x l kg = ' ?Units
rate ‘ /hour /hour

1

Use pre-flled synnges contaning 50 Units of sokible insube in 50mL 0.9% Sodium Chionde where avslable It
pre-filed syringes are not avadobie. 800 50 Units of solubie msulin (e.g. Actrapid) 10 49.5mL 0.9% Sodum Chionde.

Saant at INSULIN HOURLY RATE as calculaied above:

insulin stant °
time ! date.
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Ny Destination from ED

* All children with DKA should be admitted to
paediatric HDU / ward with 2:1 nursing care

* Those that are high risk should be nursed 1:1 and
may need to be managed on PICU

— pH<7.1

— <2yrs of age

— Cardiovascular shock

— Corrected sodium <130 or >150
— Hyper or hypokalaemic

— Altered conscious state

— Blood glucose >50



% L Nursing Care

aaaaa

 Strict (hourly) fluid balance, capillary blood
glucose

e 1-2hrly capillary blood ketones

* Hourly observations including BP and Modified
GCS

* Cardiac monitoring
* Twice daily weights

* Report changes in ECG trace or signs of possible
cerebral oedema to medical staff immediately



Page 17 Page 18 Name

o008
Intensive Monitoring Chart (Diabetes) Intake/Output Chart i e
NHS NUMBER
Frequency Requested ' hrly 1 hrly 2hty Ahrly Garly » ALL IV FLUIDS AND MEDICATION MUST BE PRESCRIBED ON THE
(Prease crche and date + time changes) IN-PATIENT MEDICATION ADMINISTRATION CHART
Weight kg, Previcus24hour:input  mi] Output  mi Balance + /- ml
DATE DATE
TIME TIME
INITIALS INITIALS
of Flald
rate
5 |
§ 8 |oFoaa ™
| - g rate
- ' Type |
g | ® ® Y |otFia
rate
E E Type vol
of Fluld
B 3 rate
i Hourly TOTAL
¥ ; 1V Flulds IN
! Hourty ORAL
N
g INSULIN
(units/kg/hr)
¥ Rate of Infusion
? 8 B dad
E Volume Glven
! (miy
= | volume Left
a . . (i)
o Change insulin
Infusion 12 hrly
g Mourly TOTAL IN
- Cumulative TOTAL IN (A)
ey PU (mi)
BP 80
Bedside Blood Glucose § voMIT
Hedside Blood Ketones NG ASPS (mi)
Sa0, Hourly TOTAL OUT
Oxygen % Cumulative TOTAL OUT
GCS | Motor -
Cumulative FLUID
BALANCE (A-B)
Pump Pressure (nsubing
Pump Pressure (IVI)

Waigh chitd every 12 hours - this helps to calculate actual % dehydration at admission and monitor recovery

DRA ICP 4th Editon 2020 DKA ICP ath Edition 2020
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Medical reviews

* Face to face review, bloods and blood gas

At start of treatment

2hrs after

4hrly thereafter

More frequently if severe DKA (pH <7.1) or <2yrs
Record on serial data sheet

e At each face to face review assess and document

Clinical status, ECG
Recent results
Cumulative fluid balance

Specifically consider emerging complications and address according to
clinical priority

Update to parents

* Consider adjusting total fluid rate using corrected sodium



o Corrected sodium

Glucose—5.6
Nacorr _ Nameasured + ( 3.5 )

] | UWTRE

] | UTRE

The corrected sodium must rise with therapy at a rate of 0.5-1 mmol/h
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Managing complications
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At each review confirm monitoring is compliant with the
requirements above. Give specific consideration to the

1 issues below. Address these in order of clinical priority.

{No)




Eaﬂl:r signs of cerebral oedema:
ea

agitation or irritability
unexpected fall in heart rate
increased blood pressure

Suspicion of

L.

cerebral oedema

:

Hypertonic saline 2.7% or 3%
(2.5 - 5 mL/kg over 10-15 minutes)

Time / Date
treatment
started:

+ The effect %fmggﬁi‘shoufgr lﬁgpparem w:;hm 15 Mannitol 20%
minutes and typi asts minutes. If no = 3
improvement within 30 minutes dose may repeated (or (255 mLikg over 10-13 minutes)
hypertonic saline may be preferred)

+ Ifmannitol given initially and there is no response within Time / Date
15-30 minutes then hypertonic saline may also be given as treatment
the effect of mannitol and hypertonic saline may be additive started:

Be aware that other intracerebral

events may occur (thrombosis,
ori ion) and

present similarly, however

pending imaging.

Y

Inform senior staff
Restrict fluids:

= Y% maintenance rates

= Replace deficit over 72 hours, rather than 48 hours
Seek specialist advice on further management, including which care
setting would be best for the patient
Do not intubate and ventilate until an experienced doctor is available
Once the patient is stable, exclude other diagnoses by CT scan

‘ Chart completed by
GMC number:




b@“ %90
[}
Z €
' i 4 Hypokalaemia
abetes ™
FLOW CHART 9 - HYPOKALAEMIA
+ Following resuscitation, commence potassium o

immediately in rehydration fluid unless anuna is
suspected or there are peaked T waves on ECG
« Ifinitial K* level > upper limit of normal range, especially

.

anmh;mmmﬂhid:::;g renal "(';P:“:‘f;'r‘t-l ‘;mopomf:)ﬁw + Use a cardiac monitor and observe frequently for T
A uently (e.g. x wave changes
and add KCl to IV fluids once the patient has passed (IKIy’p moka!;e()n;{a; ——» + Consider temporarily reducing insulin infusion rate
urine orras soon as K- level fallen to within upper limit of 7 « Discuss urgently with PICU as a central line is
normal range needed for K* solutions >40mmol/L
+ There is always massive depletion of total body K-,
although initial plasma levels may be low, normal, or
even high. Levels in the blood will fall once insulin is

commenced, therefore ensure that every S00mL bag of
fluid contains 20mmol potassium chloride (40mmol/L)
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Give a bolus of 2 mL/kg of 109 Glucose

\Volume; mil
Started:

Hypoglycaemia

\J

Hypoglycaemia
(Blood glucose <4mmoliL)

+ Increase concentration of glucose in fluids to 109 if not already
done
* Reduce insulin infusion rate to 0.05 Units/ka/hour if currently
—_— running at a faster rate
« If insulin infusion already running at 0.05 Units/kg/hour,
consider temporarily reducing this for 1 hour

Chart completed by:

GMC number.
Signature;
Time / Date:
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Persistent acidosis

Consideration should be given to o

calculating the anion gap

The anion gap is typically 20-30mmol/L
in a patient with ketoacidosis,

An anion gap >35mmol/L may suggest
concomitant lactic acidosis due to sepsis
or poor perfusion and should prompt a
review of the overall clinical picture

Itis not required for routine monitoring
but may be helpful if the clinical picture
or biochemistry is not improving

Anion gap =

If acidosis is not correcting, consider the following:

4

'

Acidosis, ketones or clinical
status not improving as expected

.

Check infusion lines, and the
calculation and dose of insulin

:

-(

mmol/L

p
Il

Insufficient insulin to switch off kelones
Inadequate resuscitation
Sepsis

Salicylate or other prescription or recreational drugs

Once all these causes of acidosis have been excluded, and if ketones are falling gradually,
then residual acidosis Is likely to be due to hyperchloraemia. This can be léft to resolve

spontaneously, and does not require any treatment. Acidosis due to hyperchloraemia need
not delay the transition to oral fluids and subcutaneous insulin. It needs differentiating from
ongoing ketosis.

Chart completed by,

GMC number:

Signature:

Time / Date:
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Ongoing care

USPILAl J INTID INUTTTUET . “
If the blood glucose rises out of control, or the pH level is

not improving after 4-6 hours consult senior medical staff
and re-evaluate (possible sepsis, insulin dosa%eu%nors.
blocked or leaking lines, excessive urine loss,
calculation error or other conditions), and consider
starting the whole protocol again.

lftheuoodketonelevehsnot ling within 6-8 hours
then get senior help and advice consider increasing
the insulin infusmn rate to 0.1 Units/kg/hour or greater.

abetes

Yes
T O .

5 ur insull For gu dance on
infusion rate or if a higher ina glucose
insulin infusion rate is thought Change the fluid to contain 5% Glucose preparing giuc

then charge e i.e. 0.9% Sodium Chloride + 5% Glucose + 20mmol Potassium Chloride in 500mL &= containing fluids refer

to appendix 3, page
15; e

ot % i
hypoglycaemia when the fluids ch
Lrate is o%m&ued gus'!'!‘ to contain glucose:
loride wnhI 10% Glucose
Chloride in 500m!

N Continue the insulin infusion at 0.05 Units/kg/hour
i.e. reduce the rate from 0.1 Units/kg/hour if this rate was required prior to this point

{ves*

Change the fluid to contain 10% glucose
i.e. 0.9% Sodium Chloride + 10% Glucose + 20mmol
Potassium Chloride in 500mL

Time / Date fluids
changed to contain
10% glucose:
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.+ Converting to subcut insulin

If ketones <1 and patient tolerating oral fluids
\

Consider switching from intravenous to subcutaneous insulin

Start rapid-acting subcutaneous insulin at least 30 minutes before stopping intravenous insulin.

Time / Date (v Time / Date v

SC insulin IV insulin
slarted: stopped:

Subcutaneous insulin should be started according to local protocols for the child with newly diagnosed
diabetes, or the child should be started back onto their usual insulin regimen at an appropriate tme

/discuss with senior staff).
O Y

Fpé‘a child wgro young peiz\sov}i Ongoing education and management as per local guidelines. Bahot Trom IV
mx therapy. I?egtsa“r‘tgthesu L . . . . insulin to SC insulin until

e at least 60 minutes If blood glucose and ketones are not controlled following switch to SC insulin, ketosis is resolving (i.e.
Bg%"e sto intravenous consider re-starting DKA pathway. blood ketones below 1.0
I poing i mmol/L) and the patient is
insulin. Change the insulin + e Aok
%ne'r't &"ﬁ:’ﬂf‘éﬁ'ﬁ%ﬁf&"’ fom— o fluids without nausea or
subcutaneous site Could this episode of DKA have been prevented? vomiting.

' (i.e. earlier presentation not managed correctly?)
ves [ | No | |

If YES then feedback appropriately such as
completing incident form or contacting GP.

+ Chart compieted by:
GMC number:

Signature.
Time / Date.
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This 10 year old boy presented with severe dehydration and vomiting. There
was a preceding history of polyuria, polydipsia and weight loss.

Name the 3 most important blood investigations you would perform.

Why do children in DKA look so unwell?

What are the principles of management?
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