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What'si Going On Areund the; UK

96.5% off hospitals have published protocols for

the treatment off DKA
(n = 249 Hospital Tirusts. Sampson et al Diab Med 2007;24(6):643)

Approximately: 35,0001 bed days are taken up

annually: by DKA 1 Englishi Tirusts
(Sampson et al Diab Res Clin Pract 2007;77(1):92)

36% off UK Tirusts do not refer their DKA's to the
specialist diabetes team oni the day: of

admission, 45.7% do not refer their HONK'S
(n = 249 Hospital Tirusts. Sampson et al Diab Med 2007;24(6):643)




How! It's Been Done So Ear

ABC
LLots of nermal saline

Stat intravenous insulin; followed by constant: or
Variable rate; intravenous insulin infusion

A few: other things (poetassium, phosphate, =
Picarbonate, etc.)




What's Actually/Happening...

IHopefully: make; the: correct diagnosis

Give; a bit of, or oo much, Insulin; give; (too
much) filtid

Criminally’ assault patient withrarterial bleed gas
assessment, despite’ O satsi being 1005

PUt patient in' al Corner or on' arnon-medical
ward...dependent on what bed managder says




What's Actually/Happening...

[Forget to) repeat bloods, or forget ter call ab: for
iesult

[FOrget to) review: patient
Correct potassiumi 4 hours after It fialls

Stop long-acting subcutaneous insulin torensure
delayed recovery.




Confusion Reigned!

glcmic thresholds in 30 UK Acute Trusts (amps/alen 201 0)
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Confusion Reigned!

Joint British Diabetes Societies
Inpatient Care Group

The Management of Diabetic
Ketoacidosis in Adults

Launched at DUK Liverpool 2010
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Areas of Controversy.

Measurement off venous pH

el UsSE off bedside ketene menitors
Tihe use of crystalleidinot: colleia
Cautious fluid replacement in' the youngd

The fluid! of choice is 0.9% sodium chiloride
solution




Areas of Controversy.

Continuedl use oif long acting ®/. analogues

ihe use or a fixed rate ofi insulin based on
weight

NG bolus dose off insulin
NO Intravenous bicarbonate routinely,

No phosphate replacement routinely




Paradigm Changes in the New Document

Using ketenes as the basis fior treatment and
Monitoring, not glucese or bicarvonate

Abolish the; tise of the, useless arterial bloed gas
mMeasurement: and USe Venous samples instead

he early and mandatery’ involvement of the
specialist diabetes team




Why The Changes?

Realisation that the main problem in' DKA'[S the
“Kand A~

s Blood suigar may: be; nermal or only: slightly: elevated
(CEuglycaemic DKA™)

Developments in last 10" years:

s Venous, pHi is almost the same;as arterial (0.02 pH
units difference)

= Bed side monitoring off pH; ketones; UKES,
Picarbonate and glucose available allewing
measurement of essential metabolic
parameters guickly.




The Management of Diabetic Ketoacidosis in Adults

For young pecple under the age of 18 years use British Society of Paediatric Endocrinology and Diabetes (BSPED) guidelines: http/Awwaw. bsped.org. uk/professional/guidelines/docs/DKAGuUIdeline. pdf

Diagnostic criteria: all three of the following must be present
+ capillary blood glucose above 11mmaolL
+» capillary ketones above 3mmol/L or urine ketones ++ or more

+ venous pH less than 7.3 and/or bicarbonate less than 15 mmol/L

-
-

-

=
-
-

BOX 1: Immediate management: time 0 to 60 minutes

(T=0 at time intravenous fluids are commenced)

if intravenous access cannot be obtained request critical care support immediately

Action 1: Commence 0.9% sodium chionde soiufion (use lange bone
canmula) wia infusion purg.
See Box 2 for rate of fluid replacement

Action 2 Commence 3 fied rate intravenous insulin infusion (Wl
(0L Turifegfnr based on estimate of weignt) S0unis human
solube insubn (ACrapio®
Funuin S8 made up o S0ml waith 09% sadium chionide
spluton, f patent normaly talees long acting insuiin aralegue
(Lantus, Levemr)
oontnue at usual
dose and tme

Action 3: Assess patert
o Resprranorny rate; Temperature; Dinad pressJm; puise; oorgen
sanmanon
o Glasgow Coma Sale
@ Full clinical examnination

Action & Further investigatons
= Wenouws BG
= UGE
= FAC
® Biood cuftures
= ECG
» CXR
+ MEU

Action 5 Establsh montaning regimen
& houry capilary blocd glicoss
* houry capilary ketone messement if avalable
= venaus bicarbonate and potassium at A0 minges, 2
Faurs and 2 oy thereafter
* 4 nourly plasma elecinoytes.
= Cantinuous cardiac monitoning if required
= Continuous puise coemetry if requined

Action & Consder and precpaating causes and teat appooniately

HDU/level 2 facility andfor insertion of central line may be required in following dircumstances (request urgent senior

review)

‘¥oung peope aged 18-25 years
Elerty
Pregrant
Heart or kidrey failue
Crher serious co-morbadities
Severe DA by following criteria
+ Biood kebones abowve 6 mmollL
= \ienous bicarbonate below 5 mmoiL

BOX 2: Initial fluid replacement
Restoration of circulating volume is priority

systallc BP (58P below 90mmHg

Lkeky to be due 1o low crouating wolume, but corsider ciher causes such &5 heart failure, sepss.

= G 500 mlof 0.5% sodum chlonide soluton gver 10-15 minuses, 5 SHF e
repeat whilst requesting serio nput. Mast patients squire betvsoen 500 1o

= Consider invgiung the ITL¥Cntical care team.

* Oinge 567 above SOmmMHY gve 1000 0.%% sodum cnloride over next 60
Potassium oety 10 b2 requined in this second it of fluid

Systalic BP on admission 90 mmHg and aver
+ G 1000 mi 0.9% sodium chlonde owver first 60 minutes

Potassium mplazemant
Potassium level (mmell)
=53

3555 S0 mmol

=35 senicr review — additisnal potassum required

Potassium replacement mmeliL of infusion selution
il

‘enousiarterial pH bolow 7.1
Hypakalacmia on admision (below 3. 5mmail)
= tha

Anian gap doove s [Anion Gap = ae + Kah ={CF + HOO3- |

BOX 4: 6 to 12 hours

Aims

» Ergure dinical and Biodhemical parameders improwing
* Cantirue w fluid replacenent

mains below SimmHG * Buoid hypogiycaemia

1000 mi given rapidy
e % cerebral oedena

minues. Asdton of

over 4 hours

over & houn

= Add 10% giuoose 125 mihr if biood gluoose falls below 12
mamablL

* Aszess for compl cations of toatment e.g. fluid overioad,

» Tmat peacindating factors s nocomary
Actian 1 Ae-assess patient, mandtar vital signs.
= If patient not improwing by orfena i Hox 3 seek senor advoe
= Contrwe v fluid va infuson pump at seduced rate
0 0.9% sogium chlorde 1L with porassum chioride

o 0.9% sogium thionde 11 with posassum chionde

BOX 3: 60 minutes to &6 hours

Aims of treatment:

» Rateof fall of ketanes of at least £.5 mmalUhe OF bicarbanate rise 3 mmalUte
and blood glaoose fal 3 mmaoulhr

» Maintan serum potassivm in normal rznge

Action 1Re-assess patient, moniter wital signs

= Hourdy blood ghicese (lab biood glucose f meter reading HY

& Hourly plood eetores if meter salatk

= Wenous biood gas for pH, bicarbonate and pofassium at B0 minizes, 2 hours and 2
nourly thereatrer.

* ¥ potassum i outsde nomal range, re-assess potassum replacement and chede
ey If sbnormal after furtner hour seek immedisie senior medical achice

Action I Continue fluid replacement via infusion pump as follows:

* 0.5% sodum chioride 1L with potassiam chiaride over nest 2 hours

» 0.8% sodum dhdande 1L with potassium chlande ower rext 2 houss

» 0.6% sodum chiaride 1L with patassiam chiarice over next & ncus

* Add 10% glucose 125 mifAr # biood gucose falks below 12 momall
More coutious fluid replacement in young people aged 18-25 years, elderly,
pregnant,heart or renal faillure. {Consider HOU and/for central fine)

Action ¥ Amsess resporse bo toaiment

e infusion rate ey need revew if _

» capilary keftones nat falling by at least 0.5 mmaltbe

 venous hicarbanate nat risng by 21 inast 3 mencliLhe

+ plasma glacose nat faling by at least 3 mmabUr

» Cantinue fised rate Wl urd ketanes less tran 03 mmak, venous pH over 7.3

. arvdfor venous bicaronate aver 18 mmeit.

1f ketones and glucose are not falling as expeted abways check the insulin
infusion pump is weorking and connected and that the correct insulin residual
wolume is present (to check for pump malfunction).

¥ equipment warking but response to treatment inadeguate, norease insulin nfusion
rate by 1 unite inorements hourly urti targets achioved.

Additional measures

» Bpgular obsenvatans.and fary Wanring Scone (EWE]

» Acrurate fluid balance-chart, minimum vnne output 0.5mvkgir

» Consider unnary cathetersation # incontinent or anunc (ot passed unne by B

minutes)

* Masogastre tube waih sinvay protection if patient coiunded or pers stently
wombing

* Measure armenial blood gases and repeat chest radiograph f cxygen saturaton less

than92%
s Thromboproamylasts with kow mclecular weight heparin

Reassess cardiovascular status at 12 hours; further fluid
may be required.

Check for flusd owerload

Action 2 - Rewiew biochemical and metabolic parameters

» At b hours check venous pH, bicarbonale, potassum, capdlary
ketancs and ghucose

+ Resalution is. defined a5 oetones bess than 0. 3mmold, venows
gH over 7.3 {do nat use bicarbanate a5 a surogaie at this
stage — see bow ool

+ Ersure referral has been made to disbetes bean

Iif DEA not resolved review insulin infusion (see BOX 3
Action 3]
IF DEA rescheed go to BOX &

BOX 5: 12 to 24 HOURS

Expectation: By 24 haurs the ketanaemia and acdoss should have

resakeed. Aeguest seniar review f not impaning

Mim:

* Ensuse that dinica’ and biochemical paamebers ane cantnuing ta imprave:
or ar: ramnal

= Contirue v flaid replacement if nat eat ng and drinking.

* [f ketonaemia deared and patient is not eating and drniking move to 2
wariabe rate AVl 25 per local guicclines
Re-amenx for complcations of toatment e.g- fluid cverioad, cerebral
oederma
Cantinue to treat peesipitat rg facions
Transfer to subcutarecus rs.in i patiert s eating and Srmeorg normali

- Re-a55a5s patient, monitor vital signs
Action 2 - Review biachemical and metabolic parameters
= At 12 nours check venous pH, bicarbonate, potassum, capllary keanes.
and ghicose
* Resoution is defined as ketones <0 Immoll, vencus pH=1.3
* If ot resaived revew fud Box 4 Actien 1 and insulin nfusion Box 3
&ction 3

If DEA resalved goto Bax 6

BOX 6: Resolution of DKA

Expectation: Patient shoud be eating and drinking and back on noemal
L.

if DA not resoived iderify and treal tre reasors for faiure to sespond.
Thits situation is unusual and requines senior and specalst input.
Transfer to subcutanaeus insulin

Conver 10 suboutanecys regime when biochermcaly stable (capilary
wetones bess than 0.3, pH ower ¥.3) and the patient s ready and able to eat.
Do not discontinug intravenaus insulin infsion until 30 minutes
after subgutaneaus shart acting insulin has been given

Comeian 1o suboutaneays insulin should be mangged by the Specalst
Diabetes Team,  the team is not availabie use local guidslines. | the patient
s rnewndy diagnosed it is essential they are seen by @ member of the specalst
team prigr o dschane

Amange folow up with specialist team

b
Diabete’j)

UK

o PR B ks g e

Groups represented: Assooation of Brtsh Clinical Diabetologists;
Bniush Society for Endoonclogy and Disbetes and Association of
Childrer’s Diabetes Chniciars; Dizbetes Inpatient Soedalist Murse
{DISM) Group; Diabetes UK, NHS Diabetes (Englanc); Morthemn Irish
Diabetelogists; Seciety of Acute Medicine; Welsh Endocrine and
Diabetes Society.

http://www.diabetes.nhs.uk/document.php?0=1038




How! ist DKA Defined?

Ketonaemia off >3 mmpol/LL OR! significant; ketonuria
(>2+4 on dipstix)

AND
Bleod glucese >11.0rmmol/L or knewn te have DM

AND

HCO5 <15 mmol/L AND/OR venous pH <7.3




Immediate Management: Time; 0/ to 60
Minutes

BOX 1: Immediate management: time 0 to 60 minutes
(T=0 at time intravenous fluids are commenced)
If intravenous access cannot be obtained request critical care support immediately

Action 1: Commence 0.9% sodium chloride solution (use large bore U&E
cannula) via infusion pump. FBC
See Box 2 for rate of fluid replacement Blood cultures

Action 2: Commence 3 fixed rate intravenous insulin infusion (VII). EE{E
{0. Tunitg'hr based on estimate of weight) 50 units human MSL
soluble insufin (Actrapid® or Humulin %) made up to S0mil with
0.9% sodium chloride solution. If patient normally takes long Action 5: Establish monitoring regimen
acting insulin analogue (Lantus®, Levemir®) continue at usual « Hourly capillary blood glucose
dose and time « Hourly capillary ketone measurement if available
Action 3: Assess patient » \enous bicarbonate and potassium at 60 minutes, 2
0 Respiratory rate; temperature; blood pressure; pulse; oxygen hours and 2 hourly thereafter
saturation « 4 hourly plasma electrolytes
o Glasgow Coma Scale « Continuous cardiac monitoring if required
o Full dinical examination » Continuous pulse aximetry if required

Action 4: Further investigations Action 6: Consider and precipitating causes and treat appropriately
« Capillary and laboratory glucose
= Vienous BG

http://www.diabetes.nhs.uk/document.php?0=1038




Immediate Management: Time; 0/ to 60
MiRutes

Action 1 Commence 0.9% sodium; chloride
solution

Actioni 2: Commence! al fixed: rateé; intravenous
iInsulin intusien: (IVIT)

Action 3k Assess! patient (eExamination)
Action 4: Investigations

Action 5 Establish moenitering regime

Action 6: Consider precipitating causes and treat
appropriately




Consider Admission to LLevel 2 (HDU) Care

Young people aged 18-25 years
Elderly
Pregnant
Heart or kidney failure
Other serious co-morbidities
Severe DKA by following criteria
¢ Blood ketones above 6 mmol/L
Venous bicarbonate below 5 mmol/L
Venous/arterial pH below 7.1
Hypokalaemia on admission (below 3.5mmol/L)
GCS less than 12
Oxygen saturation below 82 % on air (Arterial blood gases
required)
Systolic BP below 90 mmHg
Pulse over 100 or below 60 bpm
Anion gap abovel6 [Anion Gap = (Na+ + K+) <{Cl- + HCO3-) |




Fluid Replacement:

BOX 2: Initial fluid replacement
Restoration of circulating volume is priority

Systolic BP (SBP) below 90mmHg

Likely to be due to low circulating volume, but consider other causes such as heart failure, sepsis, etc.

» Give 500ml of 0.9% sodium chloride solution over 10-15 minutes. If SBP remains below SOmmHg
repeat whilst requesting senior input. Most patients require between 500 to 1000ml given rapidly.

» Consider involving the [TU/critical care team.

» Once SBP above 90mmHg give 1000ml 0.9% sodium chloride over next 60 minutes. Addition of
potassium likely to be required in this second litre of fluid

Systolic BP on admission 80 mmHg and over
* Give 1000ml 0.9% sodium chloride over first 60 minutes

Potassium replacement

Potassium level (mmol/L) Potassium replacement mmol/L of infusion solution
>55 Mil

3.5-5.5 40 mmol/L

<35 senior review — additional potassium required

http://www.diabetes.nhs.uk/document.php?0=1038




Fluid Replacement:

0.9% sodium chloride 1L * 1000m| over 1st hour

0.9% sodium chloride 1L with potassium chloride 1000ml over next 2 hours

0.9% sodium chloride 1L with potassium chloride 1000m| over next 2 hours

0.9% sodium chloride 1L with potassium chloride 1000ml over next 4 hours

0.9% sodium chloride 1L with potassium chloride 1000m| over next 4 hours

0.9% sodium chloride 1L with potassium chloride 1000ml over next 6 hours

Re-assessment of cardiovascular status at 12 hours is mandatory, further fluid may be
uired

Need to be adapted depending on age; (young
adults, elderly) and clinical circumstances

Crystalloid not colloid




Fluid Replacement:

Add glucose 10% @125 mis/hr when bleod
glucese falls belew: 14 mmoly/L

Petassium supplements as reguired

Bicarbonaté not recommended




Insulin

Commence fixed rate insulin infiusion
0.1 unit/kg/hr based! on estimate; off present weight

50 unitsihuman soluble insulin: made up) te SOmI
withr 0.9% sodiumi chleride solution

= the; patient nermally: takes long acting a
iInsulin analeguie contintie at tisual' dose and time
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The Management of Diabetic Ketoacidosis in Adults i

For young people under the age of 18 years use British Sociaty of Paediatric Endocrinology and Diabetas (BSPED) guiddines: httpeiianann beped.org.ukiprofessionalguidalinesdocs DA Guidaling pdf

Ciagrastic criteria; all thres of the following must be prasent

« capillary blood gluzoss abovs 11mmcdiL

« capillary ketones above 3mmcld or urine ketones ++ or more

= wencus pH less than 7.3 andfor bicarbonats less than 15 mmalL

B 1: Imvmedlate management: time 0 to 60 minutas
(T=0 at time Intravenous fulcs are commenoed)
If Imtranvenous access cannot be obtalned request citical care support Immediately

dotion 1: Commanica 1.9% 3o um dhilor de sl Ltion e Brga bos Actlan 4: Furiher mEsmigetons
= WnonBG

cannuks)via imLsion
5o B 2 for rate of Mud replxcament « UEE
Sction 2: Commans a foed rate InGavenous il n nfusion V1. i ;fmnﬂm
[0 Turibtpt basadion esimaia of weighll SOunits human o
sokibis IEUAN (AL apicl i
I 548 Tt U b S0l Wt 099 sedum chionds L
sairion. I pakion normall 1abes long acing nsuln andogue
[Larius, Levemir] Actlon 5: EstshiEh menfiorng ragimen
cominga t ussd . bheod guocsa
s and tma -m;mmﬁ’mrmm
Aotion 3: Amam et * VANOLE bcarhionals and potamium ok S0 minuts, 2
) . Nours and 2 houry tharaer
ummmmmmn.m-qum i L it
o Sasgow Coma sl = Coriimou Sias monkoing H egued
YT i —— « Continuou pults simety H equisd

Actlon 6: Comsidar and pred plating Causs and 1R Sppromrasly

HI:ILI.-'Ia:nlnI 2 fadltty andior irsertion of cantral line may be required In following droamstances (equest urgent senior
e

* VoUND paopE a0ud | E-25 jars
= Boary - akzamia on admitsion foaow 1 5mmoiL]

= Fragram & GLE pmthan 12

- # Coppgan shurgtion below 317% o ar [Ansrial bood gems

= WEMDUS'SITETE OH Daow 7.1
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B 2: Imital flukd replacement B k6 1o 12 hours
Restoration of circulating volume Is pricrity o

Systallc BF(SBF) balow S0mmHg e Seibel
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RepaEman

fypeghrasmia
* Amam for compl i ons of TRamant 2.9, id overioad,

et precipiialing factors & nactary
Action 1: Fe-a s pathert, montbor ttal

B 3: 60 minutes to & hours

&lme of treartment:

= Aaia of fall of ketoresof 2 keast 0.5 mimolLhr OR bhcarbonate risa 3 mmciltr
and bdood phuoosa 18 3 mmod Lty

= Pl NN S=TLm POl i normel Enga

« Awoid hypogycaamia

Action 1:Re-zsess patknt monhor il signs

it i e g0
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& Add 105 glueosa 125 mitr F blood glucoss fallsbeiow 12 momolL
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BOX 5 12 to 24 HOURS

Expsactation; By 24 hours 1he bsionaam s and scidoss should e
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60 minutes to 6 hours

Alms; off treatment

s Rate of fall of ketones at least 0.5mmol/1L/hr

s OR bicarbonate rise 3t mmol/L/hr with BG fall
smmol/1L/Ar

x Maintaining petassitm in the nermal range
s Avoidance of hypoglycaemia

I ketones and BG not falling as expected, check equipment Is
working theni increase insulin by: 1 unit/hr hourly: until targets
achieved




60 minutes to 6 hours

Action 1 menitering
» Clinicall signs
» Hourly' BG and ketones using meter

. Venous bloed gases: (pH| bicarbonate, potassitim) at 60
minutes, 2 hours then 2 hourly

o If the K= isioutside normal range monitor hourly: untilin
iange

Action 2: filbidl replacement

o 0.9% sedium! chloride; with petassium: chioride
1L in 2 hours
1L in 2 hours
1L in 4 hours

- Add 10% glucose 125 mi2/hr i BG falls below' 14 mmol/L




60 minutes to 6 hours

Action 3: Assess response, to: treatment

. Check equipment andj/or adjust insulin i targets not
achieved

Consider additionalfmeasures e.d. catheter, NG
tube; thromboprophylaxis




6 to 12 hours

Alms
» Ensure clinical and biechemicall parameters Improving
. Continue fluid replacement
» Aveid hypoegdlycaemia
. Assess| fior’ complications e.g. fitid overload, cerebral
eedema




6 to 12 hours

Check venous pH, bicarbenate; and petassiumi ati 6 eUrs

Request senior advice i DKA not reselving

Continue fluid replacement with addition off 10%
glucese 125 mis/hour when BG falls below: 14 mmol/L

REassess carndiovascular'status at 12 hours — adjust rate
of filkiid" as; necessary.

Continue fixed rate insulin infitsion until ketones; cleared
(<0.3r mmol/L) or pH over'7.3

Ensure al referral has been made to the diabetes team
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The Management of Diabetic Ketoacidosis in Adults i

For young people under the age of 18 years use British Sociaty of Paediatric Endocrinology and Diabetas (BSPED) guiddines: httpeiianann beped.org.ukiprofessionalguidalinesdocs DA Guidaling pdf

Ciagrastic criteria; all thres of the following must be prasent

« capillary blood gluzoss abovs 11mmcdiL

« capillary ketones above 3mmcld or urine ketones ++ or more

= vencus pH less than 7.3 andfor bicarbonate less than 15 mimalL

B 1: Imvmedlate management: time 0 to 60 minutas
(T=0 at time Intravenous fulcs are commenoed)
If Imtranvenous access cannot be obtalned request citical care support Immediately
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12 to 24 hours

ExXpectation! isithat ketonaemialand acidosis, will
nave resolved by 24 Rours

Al

» Ensure clinical and biochemical improvement
. Continue; IV fiuid iff net eatingl and drinking
. Change to variable rate insulin Infusion: i acidesis

iesolved| but net eating

. liransfer to; subcutaneous insulin once eatingland

drinking (Box 6)



BOX 6: Resolution of DKA

Expectation: Patient should be eating and drinking and back on normal
insulin.

It DKA not resolved identify and treat the reasons for failure to respond.
This situation is unusual and requires senior and specialist input.

Transfer to subcutaneous insulin

Convert to subcutaneous regime when biochemically stable (capillary
ketones less than 0.3, pH over 7.3) and the patient is ready and able to eat.
Do not discontinue intravenous insulin infusion until 30 minutes

after subcutaneous short acting insulin has been given
Conversion to subcutaneous insulin should be managed by the Specialist

Diabetes Team. If the team Is not available use local guidelines. If the patient
s newly diagnosed it is essential they are seen by a member of the specialist
team prior to discharge

Arrange follow up with specialist team




Summary: off Recommendations

Tireat: patients in designated areas with trained
stafif

Involve the diabetes teami as early’ asi pessible

Use bedside monitoring (wWithr QC anadllaboeratory
checks) to allow: regular assessment:

Monitor response to treatment by bloed ketone
measurement (may; require; change in; Trust

policy)
Use fixed rate insulin until"blood ketones
cleared/acidosis resolved

Audit outcomes and adherence to guidelines




Where to Find This Document

http: //www.diabetes:nis. uk/teols. and_resources/reports. andl guidance

It's the decument labelled “Joint British Diabetes Societies Inpatient Care
Group: The Management off Diaketic Keteacidosis int Adults) (PDE 2MB) -
order reference: Diabetes; 123~

TThank youl fer'yeur attention




