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AIABHTIKH KETO=EQ2H
YHNEPTAYKAIMIKO YIMEPQ2MQTIKO KQMA -
OPI2MO2

e KETONAIMIA

o YIIEPTAYKAIMIA

e OEEQXH
4 R

Characteristic features of a person

! Ketonaemia 3 mmoll and cver or significant ketonura {more than 2+ on standard urine sticks) with HHS:
Blood glucosa ower 11 mmall or knowen giabetes mellitus _
Bicarbonate (HCOy™ ) below 15 mmoll and/or venows pH less than 7.3 Hypovolaemia

T

Marked hyperglycaemia (>30 mmolL)
without significant hyperketonaemia (<3.0
mmal/L} or acidosis {(pH>7_3, bicarbonate
=15 mmol/L)

+

Osmolality »320 mosmolkg
o \. /
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Number (in thousands) of hospital discharges with diabetic
ketoacidosis as first-listed diagnosis, United States, 1980-2005
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The number of hospital discharges with diabetic ketoacidosis (DKA) as the first-
listed diagnosis increased between 1980 and 2005, with about 62,000
discharges in 1980 with DKA as the first-listed diagnosis and about 120,000 in

2005.

Reproduced from: Centers for Disease Controf and Prevention: Diabetes Data & Trends.
Retrefved from http:/fwww.cdc.gov/diabetes/statistics/dkafirst/figl.fhitm on March 1, 2011.
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Epidemiology

The true inadence s difficult ta establish. Population-
based studies range fram 4.6 to 8 epsodes per 1,000
patents with diabetes (Johnsan 1980, Fach 1983),
DKA remains a signficant direcal prablem in sorte of
Impraverments in diabetes care (Fshbein 1995,
Umpierrez 19997,

~
™~

In those previously diagnosed, the disease may have been managed by diet, oral hypoglycaemic agents or

insulin. It & uncomman, but has a higher martality than DKA (Delaney 2000). There are ro recent

putlications from the UK of martality in HHS, but reportad series suggest martality may have improved
though remains high at between 15-20% (Pirués 1994, Rolfe 1995, Maclsaac 2002, Kitabachi 2006,

Chung 2006).




Age-adjusted death rates for diabetic hyperglycemic
crises as underlying cause per 100,000 general
population, United States, 1980-2005

o
|

1.5

Rate (per 100,000)

=
o
|

1981 1983 1985 1987 1989 1991 1992 1995 1997 1999 2001 20032 2005

Year

Between 1980 and 2005, the age-adjusted death rate for
hyperglycemic crises in the general population declined. In 2005,
the age-adjusted death rate for hyperglycemic crises was 0.8 per
100,000 general population, almost half the rate in 1980 (1.5 per

100,000).

Reproduced from: Centers for Disease Control and Prevention: Disbetes Data &
Trends. Retreived from http:/fwww.cde.gov/diabetes/statistics/mortalitydka,

fRateDKAGenAgeAdiusted. htm on February 23, 2011,
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DuoloAoyikn Aettoupyla B-kuttapou=EuyAukatuia
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Adipose Tissue
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Presenter
Presentation Notes
Normal Physiologic Insulin Sensitivity and -Cell Function Produce Euglycemia
The important metabolic sites that are sensitive to insulin include the liver, where glycogen is synthesized, stored, and broken down; skeletal muscle, where glucose oxidation produces energy; and adipose tissue, where glucose can be converted to fatty acids, glyceryl phosphate, and triglycerides.  Insulin affects carbohydrate, protein, and lipid metabolism.
Ingestion of a carbohydrate load results in a prompt increase in the amount of insulin release and a concomitant decrease in plasma glucagon.
The presence of insulin favors the uptake and use of glucose by insulin-sensitive sites.  In skeletal muscle, glucose uptake and subsequent energy production increase.  In the liver, glucose uptake and the formation of glycogen increase in the presence of insulin (decreasing glucose production)
The presence of insulin also favors the production of tryglycerides from free fatty acids (FFAs), effectively decreasing plasma FFA.  When insulin deficiency causes an energy deficit, FFAs are oxidized to β-hydroxybutyric acid, acetoacetic acid, and acetone.

Key words:
Beta cell function
Physiology


Setter S, et al. In: Herfindal T, Courley D eds. Textbook of therapeutics: drug and disease management. 7th ed. Philadelphia: Lipincott, Williams and Wilkins 2000:377-406.


AvoAetoupyla B-kuttdpou
KOlL AVTLOTAON 0TNV LVOoOUALvN = YItepyAukalpia

B-Cell Dysfunction Insulin Resistance
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Presenter
Presentation Notes
-Cell Dysfunction and Insulin Resistance Produce Hyperglycemia in 
Type 2 Diabetes
Dual Impairment
Impaired insulin action (Insulin Resistance)
Impaired insulin secretion (Impaired -cell function)		
In adipose tissue resistant to the effects of insulin, there is increased lipolysis resulting in elevated level of plasma free fatty acids (FFA).  Elevated FFA lead to an increase in hepatic glucose production and decrease in glucose uptake in the muscle.
Impaired -cell function and -cell degranulation lead to a reduction in circulating insulin.  This reduction in circulating insulin leads to hyperglycemia.  
Impaired insulin action or insulin resistance results in a decreased response to insulin in insulin sensitive tissues.  In the liver, insulin resistance results in an increase in hepatic glucose production.
Whether the impairment is to insulin secretion or action, the resulting hyperglycemia has a negative effect on muscle and adipose tissue by decreasing expression of GLUT4 which, in turn, limits glucose transport into insulin-sensitive tissues.

Key words:
Type 2
Defects
Beta cell
Insulin resistance




-

Insulin-indepandeant
glucoss upta ks

Glucagon Glucoss

Mon-glucoss
secretagooues

0L

Adiponectin
THF -t

ot |3 Fat
\ Insulin L r fg
Insulin-dependsnt glucose uptake Skelatal muscle

Figure taken from:
http://www.smbs.buffalo.edu/bch/Courses/bch404/GW _Nature_InsulinSig.pdf#search=%22GL
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Pathogenesis of diabetic ketoacidosis and hyperosmolar
hyperglycemic state

Absolute insulin T Counterregulatory Relative insulin
deficiency hormones deficiency

Y Y ] Y

¥ Lipalysis Protein } Proteolysis Absent or
synthesis minimal ketogenesis

— 4 FFA to liver |

: Y

+ Ketogenesis

- Gluconeogenic
substrates

+ Alkali reserve

Y 'EI_"']r Y

L Glucose } Gluconeogenesis } Glycogenolysis
utilization

|—|-| Hyperglycemia |-|—

||' I{etn-nddnsis|

| Glucosuria (asmatic diuresis) |

'l"l Triacylglyceral | l Loss of water and electralytes ﬁjl':dr?ﬁ?:& | Hyperosmolarity
|vaer|ipidernia| | Dehydration |

| Impaired renal function |

I ', HHS
| - |

++: Accelerated pathway.
Copyright © 2008 American Diabetes Association From Diabetes Care Vol 29, Issue 12,
2006, Reprinted with permission from The American Disbetes Association.

| LipToDate




Diagnostic criteria for diabetic ketoacidosis (DKA) and
hyperosmolar hyperglycemic state (HHS)

Moderate

Plasma glucose =250 =250 =250 =500
Arterial pH 7.25- 7.00-7.24 <7.00 =7.30

7.30
Serum 15-18 10 to <15 <10 =18
bicarbonate
(mEq/L)
Urine ketones™ Positive | Positive Paositive Small
Serum ketones™ Positive | Positive Paositive Small
Effective serum Variable | Variable Variable =320
osmolality
(mOsm/kg)e
Anion gaph =10 =12 =12 Variable
Alteration in Alert Alert/drowsy | Stupor/coma | Stuporfcoma
Sensoria or
mental
obtundation

= Nitroprusside reaction method.

« Calculation: 2[measured Na (mEg/L)] + glucose {mg/dL)/18.

M Calculation: (Na+) - (Cl- + HCO3-) (mEg/L). See text for details.
Caopyright © 2006 American Diabetes Association From Diabetes Care Vol
29, Issue 12, 2006, Information updated from Kitabchi, AE, Umpierrez, GE,
Mifes, IM, Fisher, IN. Hyperglvcemic crises in adult patients with diabetes.
Diabetes Care 2009; 32:1335.

Reprinted with permission from the American Diabetes Association.

| LipToDate




Pathogenesis of diabetic ketoacidosis and hyperosmolar
hyperglycemic state

A
Absolute insulin T Ci L-m-a-ul:-mr-u—I—I—EEIatwe insulin
deficiency 4 deficiency
["Aovkayovo
' N\ i 1
¥ Lipalysis Protein } Proteolysis Absent or
I synthesis minimal ketagenesis

— 4 FFA to liver |

: Y

+ Ketogenesis

- Gluconeogenic
substrates

+ Alkali reserve

Y 'EI_"']r Y

L Glucose } Gluconeogenesis } Glycogenolysis
utilization

|—|-| Hyperglycemia |-|—

||' I{etn-nddnsis|

| Glucosuria (asmatic diuresis) |

'l"l Triacylglyceral | l Loss of water and electralytes ﬁjl':dr?ﬁ?:& | Hyperosmolarity
|vaer|ipidernia| | Dehydration |

| Impaired renal function |

I ', HHS
| - |

++: Accelerated pathway.
Copyright © 2008 American Diabetes Association From Diabetes Care Vol 29, Issue 12,
2006, Reprinted with permission from The American Disbetes Association.

| LipToDate




/ Insulin regulation of glucose metabolism in the liver \

LE: u:::-s.a G B
PEEE

Glu-:n:-SE-E F El'

pn

| Stimulated  Inhibited itrate !
Glycogen Jrl'l:':" ||"'l bry insulin . 58 o

Figure taken from:
http://www.smbs.buffalo.edu/bch/Courses/bch404/GW_Nature_InsulinSig.pdf#search=%22GLUT4%20vesicles%20micro /
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MaBoyevela

e H wvoovAivn mpowBel tn ocvBeon
TPLYAVKEPLSLWV KAl AVAOTEAAEL TNV 0EEldwoT

TWV EAEVBEPWV ALTTAPWV OEEWV KAL TNV
TAPAYWYT) KETOVIKWV CWUATWV.

e Y€ amovoia LVooVAIVNC TTaPAyovVTaL KETOVIKK
OCWUATA
* AUTQ €lVOL- acetoacetate, 3-hydroxybutyrate, acetone

e duoloAoyka pmopovLV va xpnoLpomotnbovv cav
EVEPYELAKO VTTOOTPWUA OTOV TTOPAYOVTAL OE

LLLKPEG TTOCO TN TEG.
e Y& AKO n mapaywyn vrepPaivel n Suvatotnta
XPNoLuomoinong kal amoaAAovtal e Ta oVpa.

/




Alyvwotikd kpmpia AK ko YYK omwe mpoteivovral amd Ty American
Diabeles Association [ Clinical Diabetes, 2001;19(2):82 ]

LK YYK
CHme Métpie  Fofapi B

MAwkoln mAaouatog (mgldly =250 =250 =250 =600
Aptnpiakd pH 7.25-7.30 7.00-7.25 <7.00 =7.30
AimTavBpakikd (mEg/l) 15-18 10 - <15 <10 =15
KETOVES oUpLav™ BeETIKG BETIKG QETIKD L
KETOVES opod® BeETIKG BETIKG QETIKD AT
ApacTIER WOUWTIKSTRG HETaPANTR  HETQBARTA HETQRAMTH =320
opol (mOsmikg)*™™
KAopa aviovtuwv*** =10 =12 >12 >12
AiaTapayEc moBRoEwy n Eypfiyopon eypryopon / stupor / stupor f

utTYnAia KL KLupo

Siavonnkrn GuBiuvon

*ueBobog: nitroprussidereaction
“*umorovioudg: 2 [Ma™ (mEg/1)] + yvhuxddn (magfdl) /18
“**umrohkovioudc: (Na') = (CI'+ HCO3') (mEg)




Definition and Diagnosis
DA consists of the biochemical triad of ketonaemia,
hyperglycaemia, and acdaemia.

Definition and diagnosis

A precse definition of HHS does not exist and would be inappropriate, but there are charactenstic features
that differentiate it from other kyperglycaemic states such as DEA. These are:

= Hypowolaemia

= Marked hyperglycaemia (20 mmelL or more) without significant hyperketonaemia (<3 mmolLl) or
acidosis {pH>7_3, bicarbonate =15 mmokL)

» Osmaolality usually 320 mosmolkg or maore

M.B. & mixed picture of HHS and DEA may occur.

- /




Predisposing or precipitating factors for diabetic ketoacidosis and hyperosmolar hyperglycemic

state

DKA

HHS

Inadequate insulin treatment or
noncompliance

Inadequate insulin treatment or noncompliance (21 to 41
percent)

New onset diabetes (20 to 25 percent)

Acute illness

Acute illness

Infection (30 to 40 percent)
Cerebral vascular accident
Myaocardial infarction

Acute pancreatitis

Drugs

Clozapine or olanzapine
Cocaine
Lithium

Terbutaline

Infection (32 to 60 percent)
Pneumonia
Urinary tract infection
Sepsis
Cerebral vascular accident
Myocardial infarction
Acute pancreatitis
Acute pulmonary embolus
Intestinal obstruction
Dialysis, peritoneal
Mesenteric thrombosis
Renal failure
Heat stroke
Hypothermia
Subdural hematoma
Severe burns

Endocrine

Acromegaly
Thyrotoxicosis
Cushing's syndrome

Drugs/therapy

Beta-Adrenergic blockers
Calcium-channel blockers
Chlorpromazine
Chlorthalidone
Cimetidine

Clozepine

Diazoxide

Ethacrynic acid
Immunosuppressive agents
L-asparaginase

Loxapine

Olanzapine

Phenytoin

Propranolol

Steroids

Thiazide diuretics

Total parenteral nutrition

Pr ¥y

Data from: Kitabchi AE, Umpierrez GE, Murphy MB, et al. Management of hyperglycemic crises in patients with diabetes mellitus

(Technical Review). Diabetes Care 2001; 24:131.

I UpToDate




KAINIKA XAPAKTHPIXTIKA

* Apyika moAvovpio — TEAMKAE OAtyoavovpio
* Apuodtmon, diya

* Ynotaon, tovkoapoia
* Kétmon, oCémon

* Yrepaepiopods (ABC)
* '‘Epperot

* Kotmoako aiyoc

* Itwon emméoov GuVEIONGNC, KOO
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APXIKH ANTIMETQIIIXH

IXTOPIKO-KAINIKH EKTIMHXH

* Agpiopoc, avamvor], KukAogopia

* AlVONTIKT] KOTAGTOOT

* [IiBaveg emPapuviikéc KATAGTAGELS
(OEM, Lowumcelg)

* Yrmooykoupio
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Table 338-4 Laboratory Values in Diabetic Ketoacidosis (DKA) and Hyperglycemic Hyperosmolar
State (HHS) (Representative Ranges at Presentation)

DKA

HHS

Glucose,® mmol/L (mg/dL)

13.9-33.3 (250-600)

33.3-66.6 (600-1200)

Sodium, meg/L 125-135 135-145
Potassium?® Normal to + Normal
Magnesium?® Normal® Normal
Chloride® MNormal Normal
Phosphate® i MNormal
Creatinine Shahthy + Moderately +
Osmaolality (mOsm/mL) 300-320 330-380
Plasma ketones® ++++ +/-
Serum bicarbonate,® meqg/L =15 meqg/L Mormal to shaghtly +
Arternial pH 6.8-7.3 >7.3
Arterial P ,® mmHg 20-30 MNormal

2

Anion gapd[Na - (Cl + HCDEJ]

Normal to slightly +




e

Effective serum osmolality:

2x [ Na(mEq/L)] + glucose(mg/dlL) / 18

¢ :275-285 mOsm/L

anion gap :
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Tumxd EAMEILPa pypwoy Ko nAekTpolutiw o8 AK ko YYK. [ Clinical Diabetes,
2001:19(2):83 ]

AK YYK
Zovoho uypav ( liters) — g
Yyod (mlfkg Bapouc gwparoc) 100 100 - 200
Na” (mEg/kg) 7-10 5-13
ClI' (mEg/kg) 3.5 E_18
K™ (mEa/kg) 3.5 46
PO4 {mmolkg) 5.7 a7
Mg™" (mEg/kg) 1.9 ‘o
Ca"" (mEa/kg) 1.9 -




g1 s W

o o N o

Epyaotnplokoc EAeyXOC

LAKYOPO QLLOTOC(250- 600 mg/dl)

Agpla atpoatog (PH 6.8 —7.3)
AlttavOpakikd< 12 mmol/l = coBapr 0&won
Ketoveg mAaouatog, ovpwv= ++++

Ne@pikn Acttovpyla :ovpla, kpeativivn,
NAEKTPOAVTEG

QopwtikotnTa 300 — 320 mosm/1

Xaoua aviovtwv= Avénuévo

HKT

AouwEels : T'ev. aipatog, KAAALEPYELEG aipaTOG Kol
oVvpwv, TKE,CRP




e

MapakoAovBnon
Qopwtikomta = [2 x (Na + K) + glucose (mg/dL)/18 +
(BUN/2.8)]
—mm-m-
[Aukoln
Ovpia, K, Na v v v v v
Kpeatwivn v v v v
Atttavop v v v v v v v
pH v v v




Protocol for the management of adult patients with DKA. *DKA diagnostic criteria: blood\
glucose >250 mg/dl, arterial pH <7.3, bicarbonate <15 mEqg/l, and moderate ketonuria
or ketonemia.

Management of Adult Patients with DKA*

Complete initial evaluation'. Start IV fluids: 1.0 L of 0.9% NaCl per hour initially (15-20 ml-kg"+h™").
Y v v

IV Fluids Insulin m I Assess Need For Bicarbonate |
v v v v v v

Determine hydration status IV Route SC/IM Route If initial serum K' is <3.3 pH<6.9 pH 6.9-7.0 pH=>7.0
mEg/L, hold insulin and
v v v v v give 40 mEq K’ per h (2/3
KCL and 1/3 KPOs) until
Hypovolemic Mild Cardiogenic Insulin: Regular Insulin: Regular K > 3.3 mEqg/L NaHCO: NaHCO: No
shock hypotension shock 0.15 units/kg as IV 0.4 units/kg 2 IV (100 mmol) (50 mmol) HCO;
bolus bolus, %2 IM or SC Dilute in Dilute in
+ + 400 ml Hz0. 200 ml Hz20.
Infuse at Infuse at
S%r;}inrzstgrl gemﬂ‘_ Y v If initial serum K'> 5.0 200 mi/h. 200 mi/h.
(1' 0 OUhE; and/or r:;ri{(“):‘(l:ng 0.1 units ‘kg'_1 -h'IV| [0 units -kg ' -h'' Regular g:aszquoecg?gi K but
plasma expander insulin infusion insulin SC or IM
ﬂ ' ] !
Evaluate corrected serum Na If serum glucose does not fall by — -
50-70 mg/dl in first hour If initial serum K* = 3.3 but Repeat HCOs administration
+ + + < 5.0 mEg/L, give 20-30 every 2 h until pH >7.0.
Serum Na SerumNa  Serum Na # v mEq K" in each liter of IV Manitonserp i
high normal low fluid (2/3 as KCL and 1/3
Double insulin Give hourly IV as KPOx) to keep serum
\——H ¢ infusion hourly insulin bolus (10 units) K" at 4-5 mEq/L
until glucose falls until glucose falls
0.45% NaCl 0.9%NaCl by 50-70 mg/d by 50-70 mg/d|
(4- 14 ml-kg'+h") (4-14 ml-kg'+h")
depending on depending on
hydration state hydration state
| When serum glucose reaches 250 mg/dl i4
Change to 5% dextrose with 0.45% NaCl at Check electrolytes, BUN, creatinine and glucose every 2-4 h until stable. After resolution of
150-250 ml/h with adequate insulin (0.05-0.1 DKA, if the patient is NPO, continue IV insulin and supplement with SC regular insulin as
units - kg '+ h'" IV infusion or 5-10 units SC every 2h) to p| needed. When the patient can eat, initiate a multidose insulin regimen and adjust as
keep the serum glucose between 150 and 200 needed. Continue IV insulin infusion for 1-2 h after SC insulin is begun to ensure adequate
mg/dl until metabolic control is achieved. plasma insulin levels. Continue to look for precipitating cause(s).

American Diabetes Association et al. Dia Care

2004,;27:594-s102 American

Diabetes
-Association.
\eright © 2011 American Diabetes Association, Inc.



Presenter
Presentation Notes
Protocol for the management of adult patients with DKA. *DKA diagnostic criteria: blood glucose >250 mg/dl, arterial pH <7.3, bicarbonate <15 mEq/l, and moderate ketonuria or ketonemia. Normal ranges vary by lab; check local lab normal ranges for all electrolytes. †After history and physical examination, obtain arterial blood gases, complete blood count with differential, urinalysis, blood glucose, blood urea nitrogen (BUN), electrolytes, chemistry profile, and creatinine levels STAT as well as an electrocardiogram. Obtain chest X-ray and cultures as needed. ‡Serum Na should be corrected for hyperglycemia (for each 100 mg/dl glucose >100 mg/dl, add 1.6 mEq to sodium value for corrected serum sodium value). IM, intramuscular; IV, intravenous; SC subcutaneous.


Fluid administration and deficits

There is ursversal agreement that the mest important

initial therapeutic intervention in DKA is appropriate
fluid replacement followed by insulin administration.
The main aims for flud replacement are:

» Restoration of arculatory volume

» Clearance of ketones

» Carmrection of electrolyte mbalance

The typecal flusd and electralyte deficits ara shown n
the table below. For examaole, an adult weighing
T0kg presenting with DEA may be up to 7 Itres in
cefictt. This should be replaced 2s crystalloid. In

paterts with lodney failure or heart failure, as well as

the elderly anc adohescerts, the rate and volume of
fluid replacement may neac o be modrfied. The am
of the first few Iitres of flusd s to comect any
hynotersion, replenish the intravascular gefictt, ang
counteract the effects of the cematic diuresis with
correction of elactrolyte diturbance.

Typical Deficits in DKA:
Water (milkg)

Sadum (mmolkg)
Chiande (mmalkg)
Patassium (mmobkg))

100
710

3-5

Joint British Diabetes Societies

Inpatient Care Group




3. Colloid versus crystalloid?

Marny guicelines suggest that in hypotensive patients
initial fluid resuscitation should be wath colloid.
Howvever, the hypotension results from a loss of
electrolyte solution and i s more physiclagical o
replace with crystalloid. Moreover, a recent Cachrane
review did not support the wse of colloid in
preference to crystalloid fud (Persl 2007,

4. Rate of fluid replacemeant?

There is concern that raped fluid replacement may
lead to cerebral cedema in children and yourg
adulis. Matonal and intermational paediatrc
guidelines recommend cautious fluid replacement
aver 48 hours. Existing adult guidelines (ADA, ABZD,
SIGM) all recommend rapid indizl Auid replacement n
the first few hours. Mo randomiesd controlled mals
exist to guide decision making in this zrea. We
therefare recommend cautious fluid replacement in
small young adults who ane not shocked at
presantation.

Intravenous glucose concentration

The management should be focussed on deanng
ketones as well a5 normalisng blood glucose. s
often necessary to administer an infravenous infusion
of 10% glucase in order o avoid fypoghycaemia and
permit the cantinuation of 2 fixed rate VIl to suppress
ketogenesk. Introcuchon of 10% glucase s
recommended when the blood glucose falls below
14 mmobL. i is mportant to continue 0.9% sooum
chloride solution fo cormect circulatony volume. |t may
be necessary to infuse these solutions conourrendy
(Section B, Action 2). Glucose should not be
discontinued until the patient s eating and drinking
nonmally.




Insulin therapy

A fooed rate M caleulated on 0.1 units! per kilogram
infusion i recommended. 1 may be necessary to
estimate the weight of the patient. See Controversial
Areas. Insulin has the following effects:

s Suppression of ketogenesis

¢ Reduction of blood glucose

= Comection of electrolyte imbalance

Metabalic treatment targets
The recommended targets are

* Reduction of the blood ketone concentration by
0.5 mmolLhour

* |ncrease the venous bicarbonate by 3 mmalLhour
* Reduce capillary blood glucase by 3 mmolUhaour

+ Potassium should be maintained between 4.0 and
5.0 mmoll

¥ these rates are not achieveo then the freea rate NI
rate should be increased (see Management of DA
Secton B, Action 2).

6. Continuation of long-acting insulin
analogues?
I the last few vears the use of lang aching basal
irsulin anzloguss (Levernir®, Lantus®) has become
widespread. Continuation of subcutareous analogues
gurng the intial management of DA prowvides
background insulin when the IV insulin s
cconnued. This awoics rebound hyperglycaemia
when [V rsulin & stopped and should avoid excess
length of stay. This only applies o long acting
analogues and does rat obwate the need ta give
short acting insulin before dscontinuing the
intravencas insulin nfusion.

Joint British Diabetes Societies

Inpatient Care Group




7. Fixed-rate intravenous insulin infusion (fixed
rate [VII) versus variable rate?
Fatert cemograpnics are changmng anad patients wath
DEA are now more likely 1o be obese or suffering
with other imsulin-resistant states inclucing pregnancy.
Evidence has led to the re-emergence of fxed rate M
in acults m the USA ard mterrational pasdiatric
practice (Kitabchi 2009, BSPED 2009, ISRAD 2009),
Foed dosels) per kilogram bocy weight enable ranid
blood ketone clearance, which & readily monmared
using bed-sice ketane measurement. The fed rate

may need o be adjusted in insulin resstant states f
the ketone concentratian is nat faling fast encugh,
andfar the bicarbonate level is not raing fast enough.
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B. Initiating treatment with a priming dase
(bolus) of insulin?

A prming dose of insulir in the treatment in DEA s

not necessary provided that the insulin infusion s

started promptly at a dase of at least 0.1 unitkghour

(Kitabchi 2008).
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9, Intravenous bicarbonate?

Adequate fluid and insulin therapy will resclve the
zcidosis m DEA and the use of bicarbonate 1s not
indicated (Marris 1985, Hale 1984). The acidass may
be an adaptive resoonse as it FmOroves cogen
delvery to the tisswes by causing a night shit of the
ayaen dissociation curve. Excessive bicarbonate may
cause a mse in the CO2 pariial pressure in the cerebno-
spinal fluid [C5F) and may lead 1o a paradoscal
increase in CSF acidosis (Ohman 1971). In acdition,
the usa of bicarborate in DEA may delay the fall in
blood lactate: pyruvate ratio and ketones when
compared to intravencas 0.9% sodium chlaride
infusion (Hale 1984). There & some evidence to
suggest that bicarbonate treatment may be
implicated in the development of cerebral oedema in
children and young adults (Glasar 2001).

10. Use of intravenous phosphate?

Whole-body phosphate deficits in DKA are
substantial, averaging 1 mmal'kg of bady weight.
There is no evidence of benefit of phasphate
replacement (Wikon 1982) thus we do not
recammend the routine measurement or replacement
of phosphate. However, in the presence of respiratory
and skeletal muscle weakness, phosphate
mizasurement and replacement should be corsiderad
(L 2004).




1. Arterial or venous measurements?

Recant evidence shaws that the difference between
verous and arterial pH s.0.02-0.15 pH units ana the
ciffererce between artenal and venous bicarbonats is
1.88 mmalil (Kelly 2006, Gokel 2000). This will
change neither diagnose nor managemernt of DEA
and 1t is not necessary to use artenal blood to
measure add base status (Ma 2003). Venows bloag
car be used in pertable and fiec blood gas analysers
and therefore verous measurements (bicarnonate,
pH and potassium) are easily obtaired in most
admitting urnits. Arterial line msertion showld anly be
parfarmed If its use will influerce maragement 1Le.
far frequent artenal cxygen level measurements or
rmaritanng blood pressure in the critically uraell
patient.

2. Blood ketone measurement?

Ketonaemia is the Rallmark of DA, Frequent
repeated measurement of blood 3-beta-
hyorcenyoutyrate has only recently become a practical
apton due to the availability of meters which can
measure blood ketane levels. Campelling ewidence
supparts the use of this technology for diagnesis and
management of DEA (Sheikh-Al 2008, Bektas 2004,
Vaneli 2003, Naunheim 2006). The resolution of
DEA deperds upon the suppression of ketonzemia
arnd measurement of blood ketores now represents
best practice i monitonng the response to
treatment.




Recommendations

1. Measure venous rather than artenal bicarbonate
and pH

2. Bloog ketane meters showld be wsee for near
patient testing

2. Crystalloid rather than colloid solutions are
recommended far fluid resuscitation

4. Cautious fluig replacement in voung adults

5. 0.9% sodium chlance solution & the
recommended fluig of chaice

6. Subcutaneous long-acting analogue insulin should
be continuec

7. Insubin should be administered 2t a fxed rate VI
calculatec on body weight

8. Do nat use a pnmirg dose (bolus) of insulin

9, Bicarnonate adminsiration & not recommended
rowtinely

10. Phosphate shoule rot be supplemented routinely
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laboratory values, insulin therapy, and urinary output.

SUGGESTED
DKA/HHS FLOWSHEET

DATE: HOUR: |ER

Weight (daily)

Mental Status*

Temperature

Pulse

Respiration/Depth**

Blood Pressure

Serum Glucose (mg/dl)

Serum Ketones

Urine Ketones

ELECTROLYTES

Serum Na' (mEq/L)

Serum K’ (mEg/L)

Serum CI" (mEqg/L)

Serum HCO:™ (MEq/L)

Serum BUN (mg/dl)

Effective Osmolality
2[measured Na(mEq/L)]

| +Glucose (mg/dl)/18

Anion Gap

A.B.G.

pH Venous(V) Arterial(A)

po:

pCOz

O: SAT

INSULIN

Units Past Hour

Route

INTAKE FLUID/METABOLITES

0.45% NaCl(ml) past hour

0.9% NaCl(ml) past hour

5% Dextrose(ml) past hour

KCL (mEq) past hour

PO« (MMOLES) past hour

Other (e.g., HCOj)

OQUTPUT

Urine (ml)

Other

* A-ALERT D-DROWSY S-STUPOROUS C-COMATOSE

** D-DEEP S-SHALLOW N-NORMAL

American Diabetes Association et al. Dia Care
2004;27:594-s102
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Presentation Notes
DKA/HHS flowsheet for the documentation of clinical parameters, fluid and electrolytes, laboratory values, insulin therapy, and urinary output. From Kitabchi et al. (14).


Baowkec apyxec Beparelog

* Xoprynon vypwv

e Xopnynomn voovAivns taxeiag Spaong
* Xopriynon K

e Xopnynon avtiLoTIKwV o€ Aoipwen




Xopriynon uvypwv
® 0.9% NaCli.v.
° 11030 Aemtd
e 1loe1 wpa
° 110g2 wpeg
° 110g 4 wpeg
 ‘Otav n yAvkodn < 250 mg/dl,

o AAAayn o€ 5% dextrose, 1 1 ava 8 wpeg

e Av cuvumdapyel occhSaroocm ovvexiletaln syxucm
0.9% NaCl KO(lT[pOGTL@ETO(L 5% dextrose 11 ava 12 WpPEG

o Zuvn Ow¢ amattovvTal nspmou 61 TLG Ttpoorsg 24

oopsg AAAG Xpaa{erat TIPOCOXT OE NAIKIWUEVOUG
AAAG KoL VEOUG.




lvoouAivn

® 50 Hovadeg o€ 50 ml 0.9% NaCl i.v. Sl LEGOU aVTALAG
® 6 units/ WP APYLKA
® 3 units/WPQA OTAV 1 YAUKO(N < 270 mg/dl
® 2 units/WPQA OTAV 1 YAUKO(N <180 mg/dl
e 'EAeyyxog yAuko(nG ava wpa Kat avénon tov puBuov av dev
EXOVUE LELWOT OTNV TIPWTN WP
e YTOX0G 1 HElWON KATA ~55-110 mg/dl avd wpa




KaAwo

e K< 3.5 mmol/l, xop1ynon 40 mmol K

e PuOBuog xyopnynong < 20 mmol/hr

e K=3.5-5.5 mmol/l, xop1ynon 20 mmol K

e K> 5.5 mmol/I (1] avovpia) dev yopnyeitat K

e Emavektiunon apyotepa (epyaotnplakos EAEYx0g).

e [Ipoocoyxn =Av apxikd K+ < 3.3 mmol/]l TOTE SLAKOTTETALT
X0PMNyNon woovAivnG £wg K+ > 3.3mmol/1.




Hypokalaemia and hyperkalaemia

Hypokalzemia and hyperkalaemia are patentally
Ife-threatening canditions dunng the
management af DEA. There is a risk of aoute pre-
renal failure associated with severe debydration
ard it = therefare recommended that no
potassium be prescribed with the initial fluid
resuscitation or if the serum potassium bevel
remains above 5.5 mmall. However, potassum
will almost abeays fall as the DEA = treated wath
imsulin, thus it s recommended that 0.93% sodium
chlonde salution with potassium 40 mmall
(reacy-mmxad) & prescribed as barg as the serum
potassium level is below 5.5 mmelL and the
patiant is passing urine. i the sarum potassium
lewel falls below 3.5 mmall the potassium
regimen needs review. YWhere fluid balance
permits, an increase in rate of 0.9% sodivm
chlonde salution with potassium 40 mmall
imfusion is possiole. Otherwise, a more
carcertrated potassium infusion wall be resded
ard to ensure safe practice, all aspects of its use
must comply with local ard national guidarce
(MPSA 2002, 2009). Trust nesd to ensure that
they have local protacals in place which allow for
the safe administraton of concerntrated patassium
solutions. This may regquire transfer 1o a higher care
erwvironment. Electrolyte measurements can be
ootzined fram most medern blood gas analysers
ard should be used o montor sodium, potassum
ard bicarbonate kevels.

Hypoglycaemia

The bload glucose may fall very rapidly a5
ketoacidosis is corrected and a common mistake is
10 allow the blood glucose o drop 10
kyvpoghycaemic levels. This may result in a rebound
ketasis drver by counter-regulatory hormanes.
Rebound ketasis lengthens duration of treatment.
Severe hypoglycaemiz is akso associated with
cardiac arrhythmias, acute braininjury anc death.
Once the blood glucase falls ta 14 mmall
intravenous glucose 10% reeds to be commenced
to prevent hypoglycaemia.




Cerebral oedema Pulmonary cedema

Cerebral cedema causing sympioms is relatvely Pulmonary cedema has only been raraly reported
uncommon in adults during DEA althouah in DKA. A5 with cerebral oedema, the observation
asymptomatic cerel  The prasence of one ar more of the fallowing may  ususlly occurs within 2

ocoourrence (Rosent . ' “treatment has led 1o the
i madicate severe DEA and agmissian to a Lewsel 2HDU - .
tnat cerenrzl oaoer P'IEETIDI'I 15 IE'.'I"DEE'I'IIC SN0

haurs of initiation ¢ ':H";lh DEF'EF':'E”E!F' Unit) environment, insertion of 8 callaids over 2 short

speculation thatiti  certral lme and immediate sermor review shauld be  the likelihood of this
Hoesraver, this 5 gis 3). Elderly patients and

oedema may be pn consigered: iac furchan are at
started (Hoffmann & Blood katones aver B mmolil wing of central venous
phencmenon is unl Iered.

that cerebral hypor  ® BiCarbonate level below 5 mmolL
perfusicn may betl o \enmysfartenal pH below 7.1

2001, Glaser 2008,
» Hypokalaemia on admisson (under 3.5 mmolL)
Cerebral cedema a

commen in childree & GC5 legs than 12 or abnommal AVPU scale

around F0 o B0%: ' ’ .
children under 12y * CW¥Oen saturation below 92% on air {assuming

result of cerebral o rarmal basaline respiratory funchon)
case control study «
carmplicating DEA: Systolic BP below 90 mmHg

developed cerebral  » Pydse aver 100 or belowe 60 bom

and, after waverity ¢ ) )
inculin administrati  ® AANION Gap above16 [Anion Gap = (Na* + K¥) -

of fluid administere (- + HE[‘-‘{] ]

associated with ino




A. Hour 1: Immediate

management upon diagnosis:

0 to 60 minutes.

T=0 at time intravenous fluids are commenced

If there is a problem with intravenous access

critical care support should be requested

immediately

Aimis

s Commence IV 0.9% sodium chlonde solution

» Commence a fored rate VI out cnby after fluid
therapy has been commences

» Establish mentenng regime appropriate to patient;
generally houry blood glucose (BG) and haurly
ketone measurement, with 2t least 2 haurly sarum
potassum for the first six hours

o Clinical and biochemical assessment of the patient

s [rvolverment of the diabetes specialist disbetes
team at the earliest passible stage

Action 1 - Intravenous access and initial
investigations

* Rapid ABC (Airway, Breathing, Ciroulation)

s Large bare v cannulae and commence i fluic
replacemenrt (See action 2)

s Clinical assessment

o Respiratory rate; temperature; blood pressure;
puise; ceygen saturation

o Glasgow Coma Scale. NB: 2 orowsy patient in the
context of DKA & senous and the patient requires

critical care input. Consider NG tube with ameay
pratection to prevent asparatian

o Full clinical examination
 |nital investigations should indude:

o Blood ketones
o Capillary blood glucose
o Wenous plasma glucose
o Urea and electrolytes
o Venous blood gases
& Full bleed count
o Blood cultures
o ECG
o Chest radiograph
o Unnalysis and culture
¢ Contirucws cardiac monitanng

= Continuous pulse aametry

¢ Consider precipitating causes and treat
appropriately

s Eztahlish wsusl medication for diabetes




Action 2 - Restoration of circulating
volume

Mssess the seventy of debydration using pulse and
blood pressure. As 3 guide 90mmHg may be used
as & measure of hydration but take age, gender
and concomitant medication inte account.

Systolic BP {SBP) on admission below 930mmHg
Hypotersion & likely to be due w0 low croudating
volurme, but consider other causes such as heart
failure, sepsis, et

¢ Give SO0 ml of 0.9% sodium chlande solution aver
10-15 mirwtes. if SBF remairs below 90mmHg this
may be repeated whilst awaiting senior input.
In prachce most patients require petevean 500 1o
1000 ml gven rapichy.

» If there has been no clinical iImprovement re-
coreider other causes of hypotension ard seek
immediate senior assessment. Consicer
invohing the MUfcriczl cara team.

* Once SBP above 90mmHg follow fluig
replacement 25 below

Exercise caution in the following patients

* Yourg people aged 18-25 years
Elderly
= Pregnant

Heart or kidney failure

Other sarious co-marbid tias

Systolic BP on admission 30 mmHg and over
Below is 2 tzble ocutlining 2 typical fluid replacement regimen for a previously well 70kg adult. Thie = an
illustrative quide only. A slower infusion rate shauld be considered in young adults (see Controversial

Areas).

=
- | . LF 1]

0.9% sodiurm chioride 1L * 1000ml ever 15t Rour

0.9% sedium chlorde 1L with potassium chlonde 1000ml over next 2 hours

0.9% sodium chlonge 1L with patassium chlonde 1000ml over next 2 hours

0.9% spdium chlonde 1L with patassium chlonde 1000mil over next 4 hours

0.9% sedium chlorde 1L with potassium chlonde 1000ml over next 4 hours

0.9% sodium chlonde 1L with patassium chlonde 1000ml ower next & hours
Re-assessment of cardiovascular status at 12 hours is mandatory, further fluid may be

"._required

* Potassivm chiloride may be reguired if rmore than 1 Btre of scdiurn chlande has been given already to resusotats
hypotensive patients

/
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Potassium level in first 24 haurs

Action 3 - Potassium replacement

Hypokalaemiz and hyperkalaemia zre life threatening conditions and zre common in DEA. Serum
potassivm is aften kigh on admission (althowgh total body potassium 5 kaw) but falls precpitously wpon
treatment with insulin. Reqular monitoring s mandatory.

Potassium replacement in mmol /L of infusion salutian

Cver 5.5 Ml

3.5-55 40

Below 3.5 Senior review as acditional potassum reeds to be given (see
" serious complications section)

Action 4 - Commence a fixed rate
intravenous insulin infusion (IVIl)

+ [f weight not available from patient, estimate

patient weight (in kg)

= If pregnant use present weight and consider

calling for senior obstetnc help a5 wall.

Start continuous ficed rate VI viz an infusion
pump. S0units human soluble nsulin (Actraped®,
Humulin 5®) made up to S0ml with 0.9%
sedium chlonde salution. Ideally this should be
provided as a ready-made mfusion

Infuse at a fimed rate of 0. 1unitkghr (e, Tmlhr
if weight & 70ka)

Only give a stat cose of intramuscular insulin
(0.1 unitfkeg) if there is a delay in setting up 2
fixed rate IWIL

If the patient normally takes insulin Lantus® or
Levemir®™ subcutaneously continue this at the
wsual dase and usual time

Insulin may be infused in the same line as the
intravenous replacement fluid provided that a Yy
connector with a one way, ant-syphon vabe 5
wsed and a large-bore cannula has been placed

/
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B. 60 minutes to 6 hours

Aims:

= Clear the blood of ketones and suppress
ketogenesis

= Achieve a rate of fzll of ketones of at least 0.5
mmolLhr

# In the absence of ketorne measurement,
bicarbonate should rise by 3 mmalLhr ard
bload glucose shouwld fall by 3 mmolLhr

» Baintain serum patassivm i normal range
* Avoid hypoglycaemia

Action 1 - Re-assess patient, monitor

vital signs

= Cpnsider urinary catheterisation if incontinent or
anuric (i.e. not passed unne by 60 minutes)

= Cpnsider naso-gastrc tube if patient chtunded
ar if persistently vomiting

» If axygen saturation falling perform artenial
blood gases and request repeat chest radiograph

* Regular observations and Early Warning Scare
(EWS} charting as appropriate

» Apcurate fluid balance chart, minimum unne
output 0.5mlkgfhr

+ Continuous cardiac monitoring in thase with
severe DEA

= Gve low molecular weight hepann as per NICE
guidance (CG 92 Jan 2010)




Arction 2 - Review metabolic
parameters

+ Measure blood ketones and capillary glucose
haurly (rote: if meter reads "bload glucose over
20 mmall" ar "HI* venous bleod shauld be
sent to the labaratory hourly or measured using
venous blood in 2 blood gas analyser until the
bedside meter i within its QA range)

* Review patient’s response to fixed rate VI howry

by calculating rate of charge of ketone lavel fall
[or rise in bicarbonate or fall in glucose).

= Azzass resolution of ketoacidasis

o If blood ketore measurement available  © Alternatively use plasma glucose.
and blocd ketones not falling by at least If glucose i= not falling by at least 3

0.5 mmolLthr call a prescribing clinician mmelLfhr czll a prescribing clinician ta

to increase nsulin infusion rate by 1 increase insulin infusion rate by 1 wnitthr

unithr increments howrly until ketones increments hourly until glucose falls at

falling at target rates (2lso chack this rate. Gluoose level B nat an
infusion**} accurate indicator of resalution of

o If blood ketane messurement rat acidasis in euglycaemic ketoaodoss, 5o

the acidosis resolution should be venfied

availlzole use venous bicarnonate. If the )
by venous gas analkysis**

picarbonate is not nsing by at least 3
mmolLhr call a prescribing clinician to
increase insulin infusion rate oy 1 univhr
increments howrly until bicarbonate is
rsing at this rate™*

** |f ketones and glucose are not falling as
expected always check the insulin infusion
pump is working and connected and that the
correct insulin residual volume is present (to
check for pump malfunction)

¢ Mezsure venous blood gas for pH, bicarbonate
and potassium st 60 minutes and 2 hours ard 2
hourly thereafter

» If the potassium is outsice the reference range,
255255 the appropriateness of potassium
replacement and check it hourky if it 5 abnormal
next hour seek immediate senior medical advice.
iSee Action 3 pl14).

¢ Continue fixed rate W until ketones less than
0.3 mmoll, venows pH over 7.3 andfor venous
picarbonate over 18 mmalL. (See section C)

» Do nat rely on unnary ketone clearance to
indicate resolutan of DEA, becawse theasa waill
still be present when DEA has resohed.

» If glucose falk below 14 mmoll commernce
10% glucase given at 125misiour alongside
the 0.9% sodium chlonce salution.

¢ Manitor and replace potassium as i may fall
rapidhy.

Action 3 - ldentify and treat
precipitating factors




C. 6 to 12 hours.

Aim: The aim within this time penod is to:

» Ensure that dlinical and biochemical parameters
are improving

= Cantinue IV flud replacemeant

* Cantinue insulin agministration

* Assess for complications of treatment e.g. flusd
owverload, cerebral cecema

+ Caontinue to treat precipitating factors as
necessary

* Avoid hypoglycaemia

Action 1 - Re-assess patient, monitor
vital signs

» If patient not impreving seek senior advice

» Ensure referral has bean made o dizbetes team

Action 2 - Review biochemical and

metabolic parameters

» At 6 hours check venous pH, bicaroonate,
potassium, as well as blood ketones and glucase

» Resplution s defined as ketones less than
0.3mmelL, venous pH over 7.2 [do not use
bicarbarate a5 a surrogate at this stage — see
box Sectan D).




D. 12 to 24 HOURS

Expectation: By 24 hours the ketonaemia ano
acsdesis should have resolved

Ajm:

« Ensure that clinical 2nd biochemical parameters
are improving or have normalsed

¢ Continue IV fluids f not eating and drnking.

« |f patient is not eating and drinking and there is
no ketonaemia mave to a variable rate W as per
lecal guidelines

¢ Re-zszess for complications of treatment e.g.
fluigh owerload, cerebral cedema

s Continue to reat preciprtating factars as
mECEssany

s Transfer to subcutanecus insulin if patiert is
eating and drinking normally. Ensure
subcutaneous insulin is started before IV insulin
5 discontinued. dezlly give subcutaneous fast
acting insulin ard 2 meal and diecontinue IV
misulin one hour later.

Action 1 - Re-assess patient, monitor

vital signs MB: Do not rely on bicarbonate to assess

resolution of DKA at this point due to pessible
hyperchloraemia secondary to high volumes of
0.9% sodium chlorde salution. The
hyperchloraemic acidosis may cause renal
vasoconstnchan and be 2 cause of abguna.
Herevever, there & no evidence that tha
Fyperchloraemic acdosis causes significant
morbidity ar prolongs length of stay.

Action 2 - Review biochemical and

metabolic parameters

» At 12 hours check venous pH, bicarbonate,
potassium, as well as blood ketones and glucose

s Resolution is defined as ketares <0 3mmeld,
varaws pH=7 .3

Expectation: Fatients should be eating and
drinking ard back on normal nswulin.

If expectation is not met within this time period it
& impartant to igentify and reat the reasons for
the failure to respand to treatment. This situation
is unusual and requires senior and specizlist input.

E. Conversion to subcutaneous
insulin.

s Convert back to an appropnate subcutaneous
regime when biochemically stable (blood
ketanes less than 0.3, pH aver 7.3) and the
patient 15 reacy and zble {0 eat.

Conversion to subcutaneous insulin is iceally
managed by the Specialist Diabetes Team. If the
team is not available see Appendix 1. if the patient
iz newly diagnosed it is essential they are seen by 2
member of the specialist team prior to discharge.




Complication of DKA

21.20 Complications of diabetic ketoacidosis
o Cerebral oedema
o May be caused by very rapid reduction of blood glucose, use of hypotonic fluids
and/or bicarbonate
o High mortality
o Treat with mannitol, oxygen
o Acute respiratory distress syndrome (p. 167)
+ Thromboembolism
o [Nisseminated intravascular coagulation (rare)
o Acute circulatory failure
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Laboratory evaluation of metabolic causes of acidosis and coma

ST Lactic Uremic e Salicylate nlrllgmall:::e Hyperosmolar | Hypoglycemic
Liiard L5 acidosis | acidosis ——— intnx?:s:’atiun | (‘:Iﬂl P coma P cgrza el e
intake (starvation) . glycol
intoxication

pH MNarmal 1 1 Mild ! it n= i Normal Normal Mild L may be Ll

Plasma Normal t Normal Normal L or normal Normal or | Normal 1 Inl Normal

glucose ~500ma/dL <30 ma/dL

Glycosuria Negative ++ Negative Negative Negative Negatives Negative ++ Negative Negative

Total plasma | Slight * " Normal Normal Slight to MNormal Normal Normal or slight ¢ | Normal or slight + | Normal

ketonesi moderate

Anion gap Slight 1 1 1 Slight 1 1 1 1 Normal Mormal or slight © | 11

Osmaolality Normal t Normal t Normal Normal tt tt Normal Normal or slight ¢

»>330 mOsm/kg
Uric acid Mild 1 Normal Normal 1 Normal Normal Normal Normal 1
(starvation)

Miscellaneous May give | Serum BUN =200 Serum Serum levels Myoglobinuria
false- lactate =7 | ma/dL salicylate positive hemoalobinuria
positive | mmaol/l positive
for
ethylene
glycale

+: positive.

= Acetest and Ketostix measure acetoacetic acid only: thus, misleading low values may be obtained because the majority of "ketone bodies” are B-hydroxybutyrate.

« Respiratory alkalosis/metabolic acidosis.
A May get false-positive or false-negative urinary glucose caused by the presence of salicylate or its metabaolites.
Reproduced with permission from: Kitabchi AE, Umpierrez GE, Murphy MB, et al. Management of Hyperglycemic Crises in Patients with Diabetes. Diabetes Care 2001; 24:131. Copyright © 2006

The American Diabetes Association.




@/ Protocol for the management of adult patients with HHS. *Diagnostic criteria: blood \
glucose =600 mg/dl, arterial pH >7.3, bicarbonate >15 mEqg/I, mild ketonuria or
ketonemia, and effective serum osmolality =320 mOsm/kg H20.

Management of Adult Patients with HHS*

Complete initial evaluation®. Start IV fluids: 1.0 L of 0.9% NaCl per hour initially.

Y * y
| IV Fluids | | Insulin \ Potassium |

Determine hydration status i l

e v v |Regular. 0.15 units/kg as IV bolus l Ifinitial serum K* is <3.3
mEg/L, hold inﬁulin and
Hypovolemic Mild Cardiogenic give 40 mEq K™ (2/3 as
shock hypotension shock KCl and 1/3 KPQOs) until
‘ K"z 3.3 mEg/L
v v |0.1 units - kg '-h" IV insulin infusinnl
Administer 0.9% Hemodynamic
NaCl (1.0 L/h) monitoring
and/or plasma P : — Y
expanders eck serum glucose hourly. _ .
4 serum glucose does not fall by at If initial serum K, 2 5'9
least 50 mg/d in first hour, then mEq/L, do not give K" but
Evaluate corrected serum Na* double insulin dose hourly until sheckpotastim evary
+ & * glucose falls at a steady hourly
i rate of 50-70 mg/dl.
Serum Na Serum Na Serum Na
high normal low
+ + + If initial serum K= 3.3
0.45% NaCl (4-14 0.9% NaCl (4-14 but <5.0 mEg/L, give 20-
ml+kg'+h") depending mi-kg'-h") depending 30 mEq K" in each liter
on state of hydration on state of hydration of IV fluid (2/3 as KCL
and 1/3 as KP0.) to
l ¢ keep serum K" at 4-5
mEg/L
‘ When serum glucose reaches 300 mg/dl |
v Y

Change to 5% dextrose with 0.45% NaCl and Check electrolytes, BUN, creatinine and glucose every 2-4 h until

decrease insulin to 0,05-0.1 units «kg '+ k" to maintain | stable. After resolution of HHS, if the patient is NPO, continue IV

serum glucose between 250-300 mg/dl until . insulin and supplement with SC regular insulin as needed. When the
plasma osmolality is < 315 mOsm/kg and patient patient can eat, initiate SC insulin or previous treatment regimen and
is mentally alert. assess metabolic control. Continue to look for precipitating cause(s).

American Diabetes Association et al. Dia Care

2004,;27:594-s102 American

iabetes
-Association.
\eright © 2011 American Diabetes Association, Inc.



Presenter
Presentation Notes
Protocol for the management of adult patients with HHS. *Diagnostic criteria: blood glucose >600 mg/dl, arterial pH >7.3, bicarbonate >15 mEq/l, mild ketonuria or ketonemia, and effective serum osmolality >320 mOsm/kg H2O. This protocol is for patients admitted with mental status change or severe dehydration who require admission to an intensive care unit. For less severe cases, see text for management guidelines. Normal ranges vary by lab; check local lab normal ranges for all electrolytes. Effective serum osmolality calculation: 2[measured Na (mEq/l)] + glucose (mg/dl)/18. †After history and physical examination, obtain arterial blood gases, complete blood count with differential, urinalysis, plasma glucose, blood urea nitrogen (BUN), electrolytes, chemistry profile, and creatinine levels STAT as well as an electrocardiogram. Obtain chest X-ray and cultures as needed. ‡Serum Na should be corrected for hyperglycemia (for each 100 mg/dl glucose >100 mg/dl, add 1.6 mEq to sodium value for corrected serum value). IV, intravenous; SC subcutaneous.


Treatment of HHS

Treatment goals

The goals of treatment of HHS are to treat the underlying cause and to gradually and safely:
s MNarmalise the osmaolality

* Replace flud and electrolyte losses

s Marmalise blood glucose

Other goals include prevention of:
s Arterial or venous thrombaosis
s Other potental comphications e.g. cerebral cedema’ central pontne myelinolysis

= Foot ulcerabon




Table 1 - Typical fluid and electrolyte losses in HHS (Kitabachi 2009)

For 60 kg patient For 100 kg patient
Water 100-220 mlkg 6-13 litres 10-22 litres
Ma+ 5-13 mmolkg 200-780 mimol S00-1300 mmol
l- 5-15 mmaolkg 200-900 mmol S00-1500 mmol
K+ d-6 mmokkg 240-260 mimol A00-500 mmol

Biochemical

HHA should not be diagnosed from biochemical parameters alone. However, the blood glucose is
markecly raised (usually 30 mmolL or mare), as is the osmolality.

This gves the best approximation o measured csmaolality, though a more accurate formula has been
derived (Bhagat 1984). (For the sake of clarify calculated osmolanty and measured csmolality will be
referrad to a5 asmolality in the rest of this guideline). Urea is not an effective asmolyte but including it in
the calculation i important in the hypercemclar state, as it is one of the indicators of severe dehydration.

Clinical

Aoute impairment in cognitive funchion may be assooated with dehydration but is not specific to the
condition and is not necessanly present. Alterations in mental status are common with cemclalities ower
330 mosmolkg. The constellation of sunken eyes, longitudinal furrows on the torgue and extremity
wiakness correlates well with raised blood urea (Gross 1952, Sinert 2005). Severs hypovolaesmia may
manifest as tachycardia (pulse =100 bpm) andfor hypotensicn {systolic blood pressure <100 mmHg),
iLapides 1965, Delaney 2000, Kavouras 2002). Patients will usually be identified as beirg at hiagh nsk by
use of a validated friage Early Warning Scoring systems (EWS).

Despite these severe elecinolyte losses and total body wolume degpletion, the typical patient with HHS, may
nct look as dehydrated as they are, because the hypertonicity leads to preservation of intravascular
volume, causing movernent of water from intracellular to extracellular - see Figure 1 (Coller 1935, Mange
1997, Bariol 2009).




High-dependency / level 2 care

Patients with HHS are complex and often have multiple co-morbidities so require intensive monitoring.
The JBDS suggest that the presence of ocne or more of the following may indicate the need for admission
to a high-dependency unit f level 2 environment, where the insertion of a central venous catheter to aid

assessment of flud status and immediate serior review by a climican skilled in the management of HHS
should be considered:

+ Osmelality greater than 350 mosmolkg

+ Logium above 160 mimckL

* engusfartenal pH below 7.1

* Hypokalzemia (less than 3.5 mmoll) or hyperkalaemia {more than & mmoll) on admission

* Clasgow Coma Scale (GC5) less than 12 or abnormal
AVPU (alert, Voice, Pain, Unresponsive) scale

= Omoygen saturation below 929% on air (assuming normal baseline respiratory function)

Systolic blood pressure below 90 mmHg

* Urine cutput less than 0.5 mbkg/hr
= LSerum creatinime = 200 pmokL
* Hypothermia

= Macrovascoular event such as myocardial infarction or stroke

= Dther serious co-morbidity




Isotonic versus hypotonic fluid replacement

= Rapid changes in cemolality may be harmful. Use 0.9% sodium chlonde solution as the principle fluid o
restore arculating velume and reverse dehydration.

= Measurement or caloulation of osmelality should be undertaken every hour initially and the rate of fluid
replacement adjusted 1o ensure a positve fluid balance sufficent to promote a gradual decline in

asmiolality.

Water replacement and hypotonic (0.45% sodium chloride solution) fluid

deally patents will recover quickly erough to replace the water ceficit themselves by taking fluids orally.
There & no experimental ewdence to justfy using hypotonic fluids less than 0.45% sodium chlonde
solution. However, if the csmolality i no longer declining cesoite adequate fluid replacement with 0.9%
sodium chloride solution AND an acequate rate of fall of plasma glucose is nat being achievea then

0.45% sodium chlonde solution should be substituted.

howrs and the remainder in the following 12 hours though this will in part be determined by the initial
severity, degree of renal impairment and co-morbidities such as beart failure, which may limit the speed
of correction.

s A target blood glucose of betwesn 10 and 15 mmaolL & a reasonable goal. Complete normalisation of
electrolvies and cemolality may take wp o0 72 hours.




Insulin dose and timing

s |f significant ketonaemia is present (3f-hydrosy butyrate is more than 1 mmol) this indicates relative
hypoinsulinaemia and insulin should be started at time zero.

u Z LETDNe 4 % 5 ), Z el

» Fluid replacement alone with 0.9% sodium chloride sclution wall result in falling blood glucose and
because most patients with HHS are insulin sensitve there is a rek of lowenng the osmaolality
precpitously. Insulin treatment prior to adequate fluid replacement may result in cardiovascular collapse
as water moves out of the intravascular space, with a resuliing dedine in intravascular volume (a
consequence of insulin-mediated glucose uptake and a diuresis from uninary glucose excretion) (see
Figure 2).

s The recommended insulin dose is a fixed rate intravenous insulin infusion (FRID given at 0.05 units per
kg per hour (e.g. 4 unitshr in an 80 kg man) is used. A fall of glucose at a rate of up t0 5 mmolL per
hour is ideal ang once the blood glucose has ceased to fall following initial fluid resusotation,

reassessment of fluid intake and evaluation of renal function must be undertaken. Insulin may be
started at this point, or, if already in place, the infusion rate increased by 1 unithr. As with DEA, a
FRIN is preferred, though generally lower doses are required.




Potassium

Patents with HHS are potassium deplete but less acidotic than those with DEKA so potassium shifs are less

proncunced, the dose of insulin 15 lower, and there is often co-exasting renal failure. Hyperkalaemia can be
present with acute kidney injury and patents on duretics may be profoundly hypokalaemic. Potassium

should be replaced or cmitted as requirec (see Table 2).

Table 2 - Potassium replacement in HHS

Potassium level in first 24 hr {mmol/L) Potassium replacement in infusion solution

Ohver 5.5 Ml

35-55 40 mmoll

Below 3.5 Senior review as acditional potassium required
[wia central line in HOL)




Anti-infective therapy

As with all acutely il patients, sepsis may not be accompanied by pyrexia. An infective source should be
sought on clinical history and examination and C-reactive protein may be helpful (Goges 2001).
Antibiotics should be given when there are clinical signs of infection or imaging andfor laboratory tests
suggest s presence.

Anticoagulation

Fatients in HHS have an increased risk of arterial and venous thromboembolism (Whelton 1971, Keller
1975}, Previous studies have estimated that patients with diabetes and hypercsmolality have an increased
risk of wenous thromboembolism (WTE) similar 1o patients with acute renal failure, acute sepsis or acute
connective tissue disease (Faton 1281, Keenan 2007). The nsk of venous thromboembalsm & greater
tham in DEA (Petrauskiene 2005). Hypernatraemia and increasing antidiuretic hormone concentrations can

promote thrombogenesis by producing changes in haemostatc function consistent wath a
hypercoagulable state (Carr 2007).

a_dmjwlﬂ;_cﬂﬂmugﬂied I a survey of UK hDEI:IItElE {unul..l:lllshe::] of gulcellr'es fclr thE treatmer't
af HHS, some have recommended the use of full treatment dose anticoagulation. However, patients with
HH% are often elderly and at increased nsk of haemorrhage and we could net find ewidence to support this
approach. Full anticoagulation should only be considered in patients with suspected thrombasis or acute
coronary syndrome. One study has suggested that patients with HHS have an increased risk of VTE for
three months after discharge (Keeran 2007). Consideration should be giver to extending prophylaxis
beyond the duration of admission in patients deemed 1o be at high nsk.
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