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Abstract

Hyperosmolar Hyperglycaemic State (HHS) is a medical emergency associated
with high mortality. It occurs less frequently than diabetic ketoacidosis (DKA),
affects those with pre-existing/new type 2 diabetes mellitus and increasingly af-
fecting children/younger adults. Mixed DKA/HHS may occur. The JBDS HHS
care pathway consists of 3 themes (clinical assessment and monitoring, interven-
tions, assessments and prevention of harm) and 5 phases of therapy (0-60min,
1-6, 6-12, 12-24 and 24-72h). Clinical features of HHS include marked hypo-
volaemia, osmolality >320mOsm/kg using [(2xNa*)+glucose+urea], marked
hyperglycaemia >30mmol/L, without significant ketonaemia (<3.0mmol/L),
without significant acidosis (pH >7.3) and bicarbonate >15mmol/L. Aims of the
therapy are to improve clinical status/replace fluid losses by 24 h, gradual decline
in osmolality (3.0-8.0 mOsm/kg/h to minimise the risk of neurological complica-
tions), blood glucose 10-15mmol/L in the first 24 h, prevent hypoglycaemia/hy-
pokalaemia and prevent harm (VTE, osmotic demyelination, fluid overload, foot
ulceration). Underlying precipitants must be identified and treated. Interventions
include: (1) intravenous (IV) 0.9% sodium chloride to restore circulating volume
(fluid losses 100-220 ml/kg, caution in elderly), (2) fixed rate intravenous insulin
infusion (FRIII) should be commenced once osmolality stops falling with fluid
replacement unless there is ketonaemia (FRIII should be commenced at the same
time as IV fluids). (3) glucose infusion (5% or 10%) should be started once glucose
<14mmol/L and (4) potassium replacement according to potassium levels. HHS
resolution criteria are: osmolality <300 mOsm/kg, hypovolaemia corrected (urine
output >0.5 ml/kg/h), cognitive status returned to pre-morbid state and blood
glucose <15mmol/L.
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1 | INTRODUCTION

Until the publication of the first edition of this docu-
ment, national guidelines on the management of hyper-
osmolar hyperglycaemic state (HHS) in adults had been
uncommon. As is now well recognised, HHS is different
to diabetic ketoacidosis (DKA), and treatment requires a
different approach. Although typically occurring in those
aged over 45, HHS can present in children and younger
adults,”** often as the initial presentation of type 2 diabe-
tes mellitus (T2DM)."”

HHS is uncommon. In the United States, it accounts
for only 13% of hyperglycaemia-related emergency admis-
sions” but has a higher mortality than DKA.® There are
no recent publications from the United Kingdom on mor-
tality in HHS, but reported series suggest mortality may
have improved though remains high at between 15% and
209, 10-14

HHS often develops over many days, and consequently,
the dehydration and metabolic disturbances are usually
more extreme than with DKA. Many people with diabetes
have severe but transient elevations of blood glucose—the
difference between this and HHS, being the duration of
hyperglycaemia and the accompanying dehydration.

As with many serious but rare metabolic emergencies,
the evidence for treatment is based more on clinical expe-
rience and consensus than randomised controlled trials.
What is clear is that the greater mortality and morbidity
in HHS is only in part related to age and co-morbidities.
There has been controversy around the speed and type of
fluid replacement and when insulin should be introduced.
However, the use of the previous edition of this guideline
has standardised practice across many parts of the United
Kingdom, with most teams feeling they were of good qual-
ity and safe."

These guidelines are evidence based as far as that ev-
idence exists, otherwise, they reflect a consensus derived
from an analysis of the published literature in English and
the views of specialist diabetes clinicians in the United
Kingdom.” The emphasis throughout is on ensuring that
biochemical evaluation must go hand in hand with clinical
evaluation. Correction of the biochemistry alone does not
guarantee a good outcome. They are intended for use by
any healthcare professional that manages HHS in adults.

Management of those <18years old managed by the
paediatric team should follow the following guidelines
http://www.a-c-d-c.org/wp-content/uploads/2012/08/
Practical-Management-of-Hyperglycaemic-Hyperosmol
ar-State-HHS-in-children-8.pdf*®

The care pathway for the management of HHS is di-
vided into timeline phases to emphasise the importance of
regular monitoring and updates in treatments and initiate
escalations where appropriate (Figures 1 and 2).

What's new?

« A new summarised care pathway and algorithm
for osmolality/glucose changes.

« Updated bedside monitoring chart.

« We introduced a formal definition of resolution
of HHS and audit standards.

2 | DEFINITION AND DIAGNOSIS

International guidelines vary as to the precise definition of
HHS,” but there are characteristic features that differen-
tiate it from other hyperglycaemic states such as DKA."
Defining HHS by osmolality alone is inappropriate with-
out considering other clinical features (Figure 3).

Previously called HyperOsmolar Non-Ketotic (HONK)
coma, it was apparent that most of these people were not
comatosed but were extremely ill. Changing the name to
Hyperosmolar Hyperglycaemic State (HHS) allows for
the fact that some people with severely raised blood glu-
cose may also be mildly ketotic and acidotic. The reasons
why these people do not develop ketoacidosis are not fully
understood.'® In HHS, insulin levels are just adequate to
prevent ketogenesis but fail to counteract hyperglycae-
mia. Therefore, the presentation is mainly driven by ex-
treme levels of hyperglycaemia and consequent osmotic
diuresis."

People with HHS are generally older than those with
DKA, but increasingly, as the diabetes pandemic crosses
generational boundaries, it may be seen in young adults
and even children as the first presentation of newly di-
agnosed diabetes."** HHS has a slower onset than DKA.
This is important because the brain tissue of those who
develop HHS, particularly in those who are older, is at
higher risk of injury due to rapid shifts in sodium, water
and glucose. Therefore, to prevent significant neurological
damage, HHS requires less aggressive fluid resuscitation
and slower glucose-lowering than DKA.

2.1 | Clinical presentation

The most common precipitating factors for HHS include:
infections, discontinuation/omission of antidiabetic med-
ications, cardiovascular events, pancreatitis and drugs
(corticosteroids, thiazides, sympathomimetic agents and
conventional antipsychotics).

Clinical evaluation of HHS should follow the ABCDE
approach.” The constellation of sunken eyes, longitudinal
furrows on the tongue and extremity weakness correlates
well with raised blood urea.”** Severe hypovolaemia
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Clinical features (all the below)

Aims of therapy

Criteria for resolution of HHS:
Holistic assessment of the following:

1) Marked hypovolaemia A mixed picture of

1) Improvement in clinical status and replacement of all estimated fluid losses by 24 hours

1) Clinical and cognitive status is back to the pre-morbid state

2) Osmolality 2320 mOsm/kg HHS and DKA occurs 2) Gradual decline in

ty: drop of 3-8 mOsm/kg/hr

3) Marked hyperglycaemia (230 mmol/L) relatively frequently

3) Blood glucose: aim to keep to 10-15 mmol/L in the first 24 hours

2) Osmolality <300 mOsm/kg

4) Without significant ketonaemia (<3.0 mmol/L)

4) Avoid hypoglycaemia and hypokalaemia

3) Hypovolaemia has been corrected (urine output 20.5 mi/kg/hr)

5) Without significant acidosis (pH 27.3) and bicarbonate 215 mmol/L

5) Prevent harm: VTE, osmotic demyelination, fluid overload, foot ulceration

4) Blood glucose <15 mmol/L

ThiejrirTeqwi””‘\»f-w,,,\lig]‘ej 0-60 minutes 60 minutes - 6 hours

6-12 hours 12-24 hours 24-72 hours

Clinical and itoring

Clinical status / NEWS

ABCDE approach, History/Examination, NEWS, cardiac monitoring, urine output
Establish adequate intravenous lines (preferably 2 large bore IV cannulas)
Discuss with outreach/ICU team early if there are markers of high severity (see Table 1 overleaf)

Check for continuing improvement

Expect steady recovery, patient eating and

i Assess for precipitating cause(s):
Precipitating cause(s) sepsis, diabetic foot infection, issi

vulnerable adult, vascular event (myocardial infarction, stroke) precipitating cause(s)

Ongoing management of the drinking, and biochemistry as it was prior to HHS

Osmolality (VBG/blood)

Measure/calculate (2xNa®) + Glucose + Urea sk eetitouniorChors

Until the urea is available, calculate using (2 x Na*+ glucose). Recalculate

Aim for gradual decline of 3-8 mOsm/kg/hr osmolality once urea is available, and then use (2 x Na* + glucose + urea)

Ongoing management of the precipitating cause(s)|

Check every 4 hours (if no clinical Replacement of all estimated fluid losses by 24

ChecierelviZhours improvement then check every 2 hours) | pours

Individual BG target 6-10 mmol/L

How to interpret osmolality results Check Figure 1 overleaf Check Figure 1 overleaf

Check Figure 1 overleaf Check Figure 1 overleaf

Check every hour
Fall in BG should be up to 5.0 mmol/L per hour

(check Figure 2 overleaf for details)

Blood glucose (BG)
(Aim for 10-15 mmol/L in the first 24 hours)

Check every hour Check every hour
(check Figure 2 overleaf (check Figure 2 overleaf
for details) for details)

Interventions

Intravenous fluid (0.9% saline)
(In IV line 1)
(caution in HF/CKD/BW <50 kg)

1litre over 1 hour Aim for 2-3 litres positive balance by 6
(caution in HF/CKD/BW <50 kg) hours.

Aim for up to 6 litres positive balance Reassess fluid balance to plan fluids

by 12 hours replacement for the next 12 hours | 2" D stopped if patientis eating and drinking

Use DKA guidelines if ketonaemia
Insulin infusion (>3.0 mmol/L) or ketonuria (>2+)
(FRINI 0.05 units/kg/hr using Actrapid®)
(In 1V line 2) Start FRIII if ketonaemia

(>1.0 - €3.0 mmol/L) or ketonuria (<2+)

Only commence if positive fluid balance and BG plateaued
on repeated measurements (>2 occasions)

Rate may need adjustment by another 1 VRIIl if not eating and drinking
unit/hr

to achieve BG target 10-15 mmol/L Otherwise convert to subcutaneous insulin

Glucose infusion: 5% or 10% @ 125ml/hr

(In1V line 2) Not required at this stage

Only initiate if BG <14 mmol/L

Continue infusion at 125 ml/hr Can be stopped if patient is eating and drinking

Senior review / ICU outreach

Check Table 2 overleaf for potassium
if potassium <3.5 or >6.0 mmol/L ideli

Potassium (avoid hypokalaemia)

Check Table 2 overleaf for potassium | Check Table 2 overleaf for potassium

Check U&Es daily

replacement guidelines

Assessments and prevention

prevent harm VTE prophylaxis (low molecular weight heparin)

Assess for complications e.g. fluid overload, cerebral oedema, osmotic demyelination (deteriorating conscious level)

VTE prophylaxis until discharge
Daily feet checks

Prevent hypoglycaemia Glucose 5% or 10% at 125 ml/hr if BG <14 mmol/L

Target BG 6-10 mmol/L

Prevent foot ulceration Daily foot checks

Daily foot checks

Refer to the inpatient diabetes team early.
Escalate management if there is clinical deterioration.

Review by inpatient diabetes team
before discharge

ABCDE= Airway, Breathing, Circulation, Disability, Exposure; BG=blood glucose; BW=body weight; CKD=chronic kidney disease; FRIli=fixed rate intravenous insulin infusion; HF=heart failure; hr=hour; ICU=int care unit;
|NEWS=national early warning score; U&Es=urea and electrolytes; VBG=venous blood gas analysis; VRIll=variable rate intravenous insulin infusion; VTE=venous thromboembolism

@)JBDSIP October 2022

FIGURE 1 Pagel of the HHS care pathway. This side includes time-based thematic division of the care pathway by clinical assessment
and monitoring, interventions, assessments and preventions and referral to the inpatient diabetes team.

may manifest as tachycardia (pulse>100bpm) and/or
hypotension (systolic blood pressure <100 mm Hg).>**2
People will usually be identified as being at high risk by
use of a validated triage system, for example, NEWS.*
However, despite these severe electrolyte losses and total
body volume depletion, often the person with HHS may
not look as dehydrated as they are, because the hyperto-
nicity leads to preservation of intravascular volume, (caus-
ing movement of water from intracellular to extracellular
spaces).*** Typical fluid losses in HHS are detailed in
Table 1.

Acute cognitive impairment may not be necessarily
present, may be associated with dehydration but is not
specific to the condition. Alterations in cognitive status are
more common when the osmolality rises >330mOsm/kg.
HHS can have marked effects on cerebral function and be
associated with transient changes in cognitive performance
and also with longer-term effects. This may be due to a
number of things including, but not limited to: cerebral oe-
dema in severe cases, the presence of significant electrolyte
disturbances, acute changes in osmolality, dehydration, in-
fection/sepsis, hypoglycaemia during treatment or kidney

injury. A daily assessment of cognition during admission
with a comparison to the pre-morbid state should accom-
pany the full history, physical examination and review of
drug therapy on admission.

2.2 | Biochemical abnormalities

HHS should not be diagnosed using biochemical pa-
rameters alone. However, the blood glucose is markedly
raised (usually >30mmol/L), as is the osmolality (usually
>320mOsm/kg). Osmolality is useful as an indicator of
severity and for monitoring the rate of change with treat-
ment. Serum osmolality is often provided in biochemistry
reports, either calculated or measured, but can be calcu-
lated using the formula [(2xNa™)+ glucose +urea]. This
formula gives the best approximation to measured os-
molality, although a more accurate formula has been de-
rived.”’ For the sake of clarity, calculated osmolarity and
measured osmolality is referred to as osmolality in this
guideline. Urea is not an effective osmolyte but includ-
ing it in the calculation is important in the hyperosmolar
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Hyperosmolar Hyperglycaemic State (HHS) care pathway in adults

Figure 1: Managing osmolality changes during treatment of HHS

Joint British
— Diabetes Societies
for inpatient care

Table 1: Escalate to ICU/outreach if

‘ Check sodium ‘ ‘

Check fluid status

any of the following is present:

Action |

Measure/Calculate*
Osmolality

Osmolality increasing

. L o
' ‘ Peaee e bl | ' Consider switching to 0.45%

* Osmolality >350 mOsm/kg
Sodium >160 mmol/L

saline at same rate

Osmolality decreasing
too slowly

Increasing

Negative fluid balance
and no signs of fluid overload

Venous/arterial pH <7.1
Hypokalaemia (<3.5 mmol/L) or
hyperkalaemia (26 mmol/L) on admission

' Increase rate of infusion of
0.9% saline

<3 mOsm/kg/hour

Osmolality decreasing

Glasgow Coma Scale (GCS) <12 or
abnormal AVPU (Alert, Voice, Pain,
Unresponsive) scale

" Continue same rate of fluids

at appropriate level
(3-8 mOsm/kg/hour)

Increasing

Osmolality decreasing

* Oxygen saturation <92% on air (assuming
normal baseline respiratory function)
Systolic blood pressure <90 mmHg

Pulse >100 or <60 beats per minute

Consider reducing infusion
’ rate of IV fluids and/or

too quickly
>8 mOsm/kg/hour

*Calculated osmolality (mOsm/kg) = (2xNa*) + Glucose + Urea

insulin rate (if already
commenced)

 Urine output <0.5 ml/kg/hour

Serum creatinine >200 umol/L and/or
Acute kidney injury

Hypothermia

.

.

| Figure 2: Managing glucose changes during treatment of HHS

Macrovascular event such as myocardial

infarction or stroke

’ Blood glucose (mmol/L) | Check fluid status ‘

Other serious co-morbidity

Action

Negative fluid balance
and no signs of fluid overload

Blood glucose falling slowly
<5 mmol/L per hour

Table 2: Potassium replacement
guidelines

Increase rate of infusion of 0.9% saline

Adequate fluids balance

Ideal fall of blood glucose rate
up to 5 mmol/L per hour

Blood glucose falling rapidly

Commence Fixed Rate Insulin Infusion
(FRIII) 0.05 units/kg/hour OR

increase rate to 0.1 units/kg/hour (if
already commenced)

[convert to variable rate intravenous 26.0

Potassium level in
first 24 hours
(mmol/L)

Potassium replacement
in infusion solution

Senior review

>5 mmol/L per hour

If the parameters in Figures 1 and 2 above are not met, seek specialist input early to tailor the management according to the individual’s needs

ICU/outreach
insulin infusion (VRIII) or sc insulin once -
HHS has resolved] 5.5-5.9 Nil
3.5-5.5 40 mmol/L
Check the rate of change in osmolality - - onal
and consider reducing the rate of fluid SenlorlreVIgw. Ad‘d't'oné
replacement and/or IV insulin infusion <35 potassium is required (via

central line in high
dependency unit).

rate

@JBDSIP October 2022

FIGURE 2 Page 2 of the HHS care pathway. This side includes algorithms for the management of osmolality, glucose and potassium

during the management of HHS. Also included are the criteria of when escalate care.

Characteristic features of a person with
Hyperosmolar Hyperglycaemic State (HHS)

Hypovolaemia
+
Osmolality >320 mOsm/kg
+
Marked hyperglycaemia (>30.0 mmol/L)
+
Without significant hyperketonaemia (<3.0 mmol/L)
Without significant acidosis (pH>7.3)
and Bicarbonate >15.0 mmol/L)

Osmolality (mOsm/kg) = (2xNa+) + glucose + urea

FIGURE 3 Definition and characteristic features of a person
with HHS.

state, as it is one of the indicators of severe dehydration.
The laboratory calculation may use a different formula
and that laboratory measurement is a batched procedure,
that is, may run once a day, so not usually available for
rapid repeat measurements unless it is discussed with the
laboratory. An increasing number of emergency depart-
ments and critical care units use blood gases machines
that provide point of care measurement of osmolality.

TABLE 1 Typical fluid and electrolyte losses in HHS

For a 60kg For a100kg
individual individual
Water 100-220ml/kg 6-13L 10-22L

300-780 mmol
300-900 mmol
240-360 mmol

500-1300 mmol
500-1500 mmol
400-600 mmol

Na* 5-13 mmol/kg
ClI™ 5-15mmol/kg
K* 4-6mmol/kg

Note: Na* =Sodium, C1~ = Chloride, K* = Potassium.Adapted from Kitabchi
& Nyenwe."!

3 | MIXED DKA/HHS

In HHS there is usually no significant ketosis/keto-
naemia (blood ketones <3.0mmol/L), although a mild
acidosis (pH <7.3, bicarbonate >15.0mmol/L) may ac-
company those affected by acute kidney injury or severe
sepsis. Some people have severe hypertonicity and keto-
sis and acidosis (mixed DKA and HHS).® This situation
is likely to reflect a relative insulin deficiency due to beta
cell exhaustion as a result of temporary glucotoxicity and
excess counter-regulatory hormone production. These
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individuals may require a modification of this treatment
guideline to take into account which aspect predomi-
nates. If a predominant diagnosis is unclear (HHS vs.
mixed HHS/DKA), early specialist input should be sought
to help tailor management according to the individual's
need. However, if ketone concentrations are high (blood
ketones >3.0mmol/L), then the DKA protocol may be ap-
propriate (Figure 4).

Treatas mixed DKA/HHS if all the following criteria
are met: marked hypovolaemia, marked hyperosmo-
lality (osmolality >320 mOsm/kg), pH <7.3, bicarbon-
ate <15mmol/L and blood ketones >3.0 mmol/L. Start
a Fixed Rate Intravenous Insulin Infusion (FRIII) and
IV fluids immediately and treat according to DKA
pathway using 0.1 units/kg/h. IV fluid replacement
should aim to achieve a positive balance of 3-6 L
during the first 12h and the remaining replacement
of estimated fluid loss during the following 12h, al-
though complete normalisation of biochemistry may
take up to 72 h.

DIABETIC B

4 | MANAGEMENT

4.1 | Goals of therapy
The goals of treatment of HHS are to address the underly-
ing cause(s) and to achieve:

« Gradual normalisation of the osmolality

« Safe replacement of fluid and electrolyte losses

« Safe and gradual normalisation of blood glucose

« Prevention of arterial or venous thrombosis

« Prevention of potential complications, for example, ce-
rebral oedema, osmotic demyelination syndrome (ODS)

« Prevention of foot ulceration

4.2 | General treatment principles

Early senior review by a clinician familiar with the man-
agement of HHS is essential to confirm the treatment plan

Management of Mixed DKA/HHS — JBDS-IP guidelines 2022

| DKA

Mixed DKA/HHS

504« Blood ketone >3 mmol/L

. pH<73

* DKA criteria: pH <7.3, blood ketone >3 mmol/L, bicarbonate
<15 mmol/L
* HHS criteria: hypovolaemia, hyperosmolality 2320 mOsm/kg

45- * Bicarbonate <15 mmol/L
¢ Manage according to JBDS-IP * Fluids: Aim for positive balance (3-6 litres) in the first 12
26 DKA guidelines hours
* Insulin infusion: same as DKA with FRIIl 0.1 units/kg/hour

3.5

g Ketosis but not in DKA ‘ HHS, ketonaemia, no acidosis
— . . ‘ (pH >7.3 and bicarbonate >15 mmol/L)
= * Early specialist review
° 209« Exclude ketosis secondary to
E SGLT2 inhibitors use * Follow HHS guidelines for management
= | 154 * but initiate FRIII (0.05 units/kg/hour) early
0
c
% 1.0
v
S | os i
o : Follow HHS guidance for management: first replace fluid losses
@ and then consider starting insulin infusion once fluid replete

0.0 T T T 320 T T T T T T 1

280 290 300 ato 330 340 350 360 370 380 390
Plasma osmolality (mOsm/kg) * N

FIGURE 4 The overlap between diabetic ketoacidosis (DKA) and hyperosmolar hyperglycaemic state (HHS) and how to approach

management.
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and review progress. The diabetes inpatient specialist
team should be involved in the care as soon as possible.

4.3 | Osmolality, sodium and glucose

The key parameter in HHS is osmolality. Sodium and
glucose are the main contributors to this, and too rapid
changes are dangerous because large fluid shifts can
lead to neurological complications, in particular cerebral
oedema and osmotic demyelination. Because these pa-
rameters are interrelated, we advise that they are plotted
on a graph or tabulated to permit appreciation of the rate
of change (See Appendix S1).

Total body water is divided between the intra and ex-
tracellular fluid spaces, and its distribution is determined
by the presence of osmotically effective substances on
either side of the cell membrane. Intracellular osmotic
pressure is exerted principally by potassium, chloride and
phosphate ions while extracellular osmotic pressure is pri-
marily dependent upon sodium, chloride and bicarbonate
ions. These osmoles play a critical role in the movement of
free water across the cell membrane since they are them-
selves unable to pass freely between the intra and extra-
cellular compartments. Glucose, lipids and proteins also
exert an osmotic pressure, being largely confined to the
extracellular space, while urea and ethanol are termed in-
effective osmoles, recognising that because they are able
to freely move across cell membranes they play no role in
the distribution of free water.**

Serum sodium, a close approximation to osmolality in
the absence of hyperglycaemia, may be reassuringly nor-
mal or even low in the presence of hyperglycaemia. The
addition of glucose to the extracellular space causes an os-
motic shift of free water into the extracellular fluid and a
resultant dilution of serum sodium.

There are many different formulae to calculate os-
molality, for example [(2xNa")+glucose +urea],
[2(Na*+K™)+glucose], and [2xNa*+glucose]. The best
approximation to measured osmolality can be calculated
using the formula [(2xNa™)+ glucose +urea], though a
more accurate formula has been derived.?’ However, as
urea is an ineffective osmolyte, it can be omitted from
the equation to allow calculation of tonicity (or effec-
tive osmolality). This is of the greatest importance when
someone is hyponatraemic since tonicity indicates risk of
cerebral oedema, that is, hypo-osmolality.

Thus, an individual with a Na* 122mmol/L, glu-
cose 13mmol/L, urea 23mmol/L has a calculated os-
molality of 280 mOsm/kg and an effective osmolality of
257 mOsm/kg, whereas a person with a Na* 122 mmol/L,
glucose 30 mmol/L, urea 4mmol/L has a calculated os-
molality of 278 mOsm/kg and an effective osmolality of

274mOsm/kg. So the person with the raised urea has
a much lower effective osmolality and is therefore at a
greater risk of osmotic demyelination should correc-
tion of the hyponatraemia be too fast. The hyponatrae-
mia in an individual with a blood glucose of 30 mmol/L
is largely dilutional and will correct as the glucose falls
(corrected Na®™ = 122+(2.4x4) = 131.6).° In the hy-
perosmolar state, osmolality is useful as an indicator of
severity and for monitoring the rate of change with treat-
ment. If frequent measurement of osmolality is not prac-
tical, osmolality should be calculated using the formula
[(2xNa*) + glucose + urea].”’ This is the formula used
throughout this guideline.

Use of the previous version of this guideline® has con-
firmed that fluid replacement alone will lower glucose
concentrations. An FRIII should not be started as part
of the initial treatment unless significant ketonaemia is
present (>3.0mmol/L or urine ketones >2+). In all other
circumstances, intravenous fluids should be adminis-
tered first, and an FRIII only started once the glucose has
stopped falling. The risk of adding insulin at the start of
treatment will lead to larger osmotic shifts leading to neu-
rological complications. In addition, adding IV insulin too
early will also potentially lead to circulatory collapse* (see
Appendix S2).

If the IV fluids and FRIII are managed appropriately,
the fall in serum osmolality should be within the target
range of 3.0-8.0 mOsm/kg/h. If the rate is faster than this,
it increases the risk of neurological complications such as
cerebral oedema and osmotic demyelination.

4.4 | Fluid replacement
The aim of treatment should be to replace approximately
50% of estimated fluid loss within the first 12h and the
remainder in the following 12 h. However, this will in part
be determined by the initial severity, degree of renal im-
pairment and co-morbidities such as heart failure, which
may limit the speed of correction. An initial target glucose
of between 10 and 15 mmol/L is a reasonable goal until the
person is eating and drinking normally, and then an indi-
vidual target glucose (if appropriate 6-10 mmol/L) should
be set by the diabetes specialist team and the person with
diabetes. Ideally, people will recover quickly enough to re-
place the water deficit themselves by taking fluids orally.
The goal of the initial therapy is expansion of the intra-
vascular and extravascular volume and to restore periph-
eral perfusion. There are almost no data on the benefits
or risks of particular fluid replacement regimens in HHS.
Controversies persist around the speed and type of fluid re-
placement, and a systematic review is being undertaken.*
However, a Cochrane review recommended the use of
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crystalloid fluids rather than colloid in critically ill indi-
viduals because the use of crystalloids is associated with
less need for further interventions.”® As the majority of
electrolyte losses are sodium, chloride and potassium, the
initial fluid replacement of choice should be 0.9% sodium
chloride solution with potassium added as required.**

Rapid changes in osmolality may be harmful. 0.9% so-
dium chloride solution should be used as the principal fluid
to restore circulating volume and reverse dehydration be-
cause it is relatively hypotonic compared to the serum in
someone with HHS. Check osmolality every hour initially
and the rate of fluid replacement adjusted accordingly to
ensure a positive fluid balance sufficient to promote a grad-
ual decline in osmolality. Fluid replacement alone (without
insulin) will lower glucose concentrations which will lower
serum osmolality by causing a shift of water into the intra-
cellular space. This inevitably results in a rise in serum so-
dium (a fall in blood glucose of 5.5mmol/L will result in a
2.4mmol/L rise in sodium). This is not necessarily an indi-
cation to give hypotonic solutions. A rising sodium is only
a concern if the osmolality is not declining concurrently. If
the inevitable rise in serum sodium is much greater than
2.4mmol/L for each 5.5mmol/L fall in blood glucose this
would suggest insufficient fluid replacement.®

Overall, the rate of fall of serum sodium should not ex-
ceed 10mmol/L in 24 h.*® A safe rate of fall of plasma glu-
cose should not be more than 5mmol/h. However, if the
osmolality is no longer declining despite adequate fluid re-
placement with 0.9% sodium chloride solution and an ad-
equate rate of fall of plasma glucose is not being achieved,
then 0.45% sodium chloride solution should be substi-
tuted. There are no data to justify using fluids that are less
concentrated than 0.45% sodium chloride solution.

Complete normalisation of electrolytes and osmolality
may take up to 72h.

4.5 | Potassium replacement

Hypokalaemia in HHS is multifactorial. Osmotic diuresis
and consequent hypertonicity from hyperglycaemia lead
to fluids shifts from the intracellular space into the extra-
cellular space. This leads to intracellular potassium loss. In
addition, hypoperfusion leads to the activation of aldoster-
one secretion, further exacerbating the potassium loss.*'’
Vomiting, if present, worsens hypokalaemia.'® Lack of in-
sulin in DKA, accumulation of ketone bodies leading to
ketoacidosis and drop in bicarbonate ion concentration
leads to a further loss of potassium from the intracellu-
lar to the extracellular space. In both cases (DKA and/or
HHS) there is a total body loss of potassium. Treatment
with insulin will lead to a shift of potassium back into the
intracellular space which unravels hypokalaemia.

DIABETIC B

Those on diuretics may be profoundly hypokalaemic
to start with. It is also worth noting that if acute kidney
injury is present, hyperkalaemia may be present owing
to reduced clearance and therefore closer monitoring is
required.

Potassium level assessment and replacement is crucial
in management of HHS and if mixed with ketosis/DKA.
For guidance on potassium replacement see Table 2.

4.6 | Insulin dose and timing

Fluid replacement alone with 0.9% sodium chloride solu-
tion will result in a falling blood glucose. Lowering glucose
level by early insulin use in HHS will lower osmolality
precipitously and risks osmotic fluid shifts leading to cir-
culatory collapse. There is also higher risk of hypokalae-
mia and hypoglycaemia. To prevent the serum osmolality
falling too quickly, the plasma glucose should ideally fall
by no more than 5mmol/L/h. Insulin treatment prior to
adequate fluid replacement may result in cardiovascular
collapse because water will move out of the intravascu-
lar space, resulting in a reduction in intravascular volume
(a consequence of insulin-mediated glucose uptake and a
diuresis from urinary glucose excretion).*

Once the glucose has ceased to fall following initial
fluid resuscitation, reassessment of fluid intake and eval-
uation of renal function must be undertaken. Insulin may
be started at this point. As with DKA, an FRIII is preferred,
though generally lower doses are required. The recom-
mended initial insulin dose is an FRIII given at 0.05 units/
kg/h. If an FRIII is already in place, the infusion rate can
be increased by 1.0 unit/h.

Glucose infusion (5% or 10%) should be started once
blood glucose is <14 mmol/L and run alongside FRIII and
other fluid replacement. Choice of the glucose fluid con-
centration (5% or 10%) depends on the individual patient
factors (e.g., risk of fluid overloads) and/or institutional
factors (e.g. cost and availability).

In cases of HHS associated with raised ketones levels,
earlier initiation of insulin is required to address the state
of ketosis (see Mixed DKA/HHS section).

TABLE 2 Suggested potassium replacement regimen in HHS

Potassium level in Potassium replacement in
first 24h (mmol/L) infusion solution

>6.0 Senior review ICU/outreach
5.5-5.9 Nil

3.5-5.5 40mmol/L

<3.5 Senior review as additional

potassium is required (via central
line in high dependency unit)
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4.7 | Clinical

scenarios and interpretation of serum
sodium, osmolality and glucose
concentrations

During the phases of management of HHS, it is important
to observe changes in osmolality, serum sodium and glu-
cose. The flow diagrams in the care pathway illustrate the
options (Figure 2).

4.8 | Antibiotic therapy

As with all acutely ill people, sepsis may not be accom-
panied by pyrexia. An infective source should be sought
on clinical history and examination. Antibiotics should be
given when there are clinical signs, and/or laboratory or
radiological evidence of infection. Follow the local infec-
tion and sepsis guidelines.

4.9 | Anticoagulation

Whilst thrombotic complications such as myocardial in-
farction, stroke or peripheral arterial thrombosis occur
more frequently in HHS, it is not known whether or not
these can be prevented by prophylaxis with low dose
LMWH or anti-platelet therapy, or if a full therapeutic
dose should be used.***’

Having diabetes is associated with an increased risk
of developing venous thromboembolic disease (VTE).*®
People with HHS have an increased risk of arterial and
VTE.*** A study of hyperglycaemia (not specifically
with HHS) during COVID-19 admissions suggested
that the risk of arterial and VTE was three times higher
than those without hyperglycaemia.*" Other work has
estimated that people with diabetes and hyperosmolal-
ity have a risk of VTE similar, or only marginally above
those with acute renal failure, acute sepsis or acute con-
nective tissue disease.*>** The risk of venous thrombo-
embolism is greater than in diabetic ketoacidosis.*>***’
Other factors, such as hypernatraemia and increasing
vasopressin concentrations can promote thrombogene-
sis by producing changes in haemostatic function con-
sistent with a hypercoagulable state.*® Everyone with
HHS should receive prophylactic low molecular weight
heparin (LMWH) for the full duration of admission un-
less contraindicated. There are no data to recommend
that this advice be extended to therapeutic anticoagu-
lation. Full, therapeutic anticoagulation should only be
considered in those with suspected thrombosis or acute
coronary syndrome.

410 | Other electrolyte imbalances and
complications associated with HHS

Hypophosphataemia and hypomagnesaemia are common
in HHS. There are no data looking at the use of replacement
of either of these in HHS. It is likely that this represents an
epiphenomenon, particularly for magnesium where protein
binding is affected by the change in the extracellular milieu
and that therefore tissue status is likely normal. Many studies
in ICU settings demonstrate no evidence of tissue deficiency
nor any benefit from magnesium replacement in acutely ill
patients with hypomagnesaemia. If low concentrations per-
sist beyond the acute phase of treatment and the patient is
apparently symptomatic with good risk factors for long-term
magnesium deficiency, oral replacement may be considered
(IV is associated with high urinary excretion therefore very
little of the infusion remains in the circulation so should
only be considered if severely deplete and symptomatic, for
example, ECG changes or neurological manifestations); see
local magnesium replacement guidelines for further advice.
Proton pump inhibitor use is common in the same popula-
tion who develop HHS and the use of these drugs has been
associated with hypomagnesaemia.

411 | Foot protection

People with HHS are at high risk of pressure-related foot
ulceration. An initial foot assessment should be under-
taken on admission and daily during admission.”” Heel
protectors and an appropriate mattress should be provided
for those with immobility, neuropathy, peripheral vascu-
lar disease or lower limb deformity. If the individuals are
too confused or drowsy to cooperate with the assessment
of sensation assume they are at high risk.

4.12 | Point of care versus
laboratory testing

Blood gas machines are readily available in almost all UK
emergency departments. These can produce reliable meas-
urements of pH, electrolytes, glucose etc. and should be
used to frequently monitor progress and calculation of os-
molality. Increasingly in some units, blood gas machines
can offer measurements of osmolality. Unless it is neces-
sary to also measure oxygen saturation, venous rather than
arterial samples are sufficient. Local facilities will deter-
mine which mechanism is the most safe and efficient.
Serum lactate and ketones must also be checked, usu-
ally using venous blood gases (VBG) and point of care
testing. The former can indicate lactic acidosis related to

85UB01 7 SUOWILLIOD AR 3|deotdde 8y Aq peuenob 8 Sl VO ‘88N JO 3N oy Akeiq 18Ul UO /8|1 U (SUORIPUOD-pUe-SWIBHLI00"AB| 1M Afeiq | [Bu JUO//SA)Y) SUORIPUOD PR SWB L 8U 88S *[£202/20/80] U0 AreiqiTauliuo AB|IM ‘181 AQ SO0ST BWP/TTTT OT/I0p/Wod A8 |mAriq1puljuo//Sdny woij papeojumod ‘€ ‘€202 ‘TerSyorT



MUSTAFA ET AL.

sepsis, for example and the latter will exclude significant
ketonaemia (p-hydroxybutyrate <1.0mmol/L).

5 | ESCALATION OF
MANAGEMENT

Care for people with HHS can be complex, they often
have multiple co-morbidities and may require intensive
monitoring. The presence of one or more of the follow-
ing should prompt discussion about the need for admis-
sion to a High-Dependency Unit/Level 2 environment.
Immediate senior review by a clinician skilled in the man-
agement of HHS should be considered:

« Measured or calculated Osmolality >350mOsm/kg

+ Sodium >160 mmol/L

+ Venous/arterial pH <7.1

« Hypokalaemia (<3.5mmol/L) or
(=6 mmol/L) on admission

« Glasgow Coma Scale (GCS) <12 or abnormal AVPU
(Alert, Voice, Pain, Unresponsive) scale

+ Oxygen saturation <92% on air (assuming normal base-
line respiratory function)

« Systolic blood pressure < 90 mm Hg

+ Pulse >100 or <60 bpm

+ Urine output <0.5 ml/kg/h

« Serum creatinine >200pmol/L and/or acute kidney injury

« Hypothermia

« Macrovascular event such as myocardial infarction or
stroke

« Other serious co-morbidity

hyperkalaemia

6 | DEFINITION OF RESOLUTION
OF HHS

Because the precise definition of HHS has not been agreed,
it is difficult to give a precise definition of when HHS has re-
solved. Different authors have used different criteria for reso-
lution, with some using osmolality as the criteria, others using
volume status or cognitive status. It is important to remember
that a normal glucose or sodium concentration in isolation is
not sufficient to say that the episode has resolved. It can also
be difficult to gauge the degree of dehydration at the bedside.
However, we propose that a holistic approach be used.

Resolution of HHS can be defined as outlined in
Table 3.

7 | RECOVERY PHASE

Complete correction of electrolyte and osmolality ab-
normalities may take up to 72h. Because many of these

DIABETIC B

Criteria for resolution of HHS: Holistic assessment of the
following:

TABLE 3 Criteria for resolution of HHS

1) Clinical and cognitive status is back to the pre-morbid state

2) Osmolality <300 mOsm/kg

3) Hypovolaemia has been corrected (urine output >0.5 ml/
kg/h)

4) Blood glucose <15 mmol/L

individuals are elderly with multiple co-morbidities,
recovery will largely be determined by their previous
functional status and the underlying precipitant(s) of
HHS. Early mobilisation is essential, as is the need for
good nutrition. IV insulin can usually be discontinued
once they are eating and drinking but IV fluids may be
required for longer if intake is inadequate. Most people
should be transferred to subcutaneous insulin (the regi-
men is determined by their circumstances). For those
with previously undiagnosed diabetes or who were well-
controlled on oral agents, switching from insulin to the
appropriate oral or subcutaneous glucose-lowering
drugs should be considered after a period of stability.
This may take weeks or months. Everyone with HHS
will require diabetes specialist input (including the offer
of education) to reduce the risk of recurrence, prevent
long-term complications and review of other factors
that may have led to episodes of HHS (e.g., psychosocial
factors in vulnerable adults). Where applicable, holistic
multiple cardiovascular risk factor optimisation should
also occur.

8 | COMPLICATIONS

HHS has high mortality because it may be due to, or com-
plicated by, vascular events such as myocardial infarction,
stroke or peripheral arterial and venous thrombosis.®*
Neurological complications, such as cerebral oedema and
ODS are uncommon but can be seen as a complication of the
rapid changes in osmolality during treatment of HHS.**°

9 | HHS DEVELOPING INPATIENT
STAYS

HHS may develop in the inpatient setting due to a num-
ber of factors including sepsis, initiation of new therapies
(e.g., corticosteroids and antipsychotics), inadequate an-
tidiabetic treatments/insulin, omissions/interruptions to
care pathways, surgery, new/ongoing parenteral/enteric
feeding. National audit data from England suggests HHS
in hospital is particularly likely to develop in those admit-
ted with or treated for stroke.”
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The occurrence of HHS during inpatient stays, as is
DKA, should be reported and investigated as an adverse
incident through the governance pathways. Serious inpa-
tient harms data (severe hypoglycaemia, Diabetic ketoac-
idosis (DKA)/hyperosmolar hyperglycaemic state (HHS),
and new foot ulcer) are included in the data collection for
National Diabetes Inpatient Safety Audit (NDISA) (previ-
ously NaDIA-Harms).

10 | CARE PATHWAY
The management timelines of HHS are divided into five
phases as below.

¢ 0-60min

« 1-6h

« 6-12h

« 12-24h

« Beyond 24h

T = 0 is the time when the intravenous fluids are com-
menced. It is important to establish adequate intravenous
access (preferably 2 large-bore intravenous cannulas).
Line 1 can be dedicated to intravenous fluids replacement
and line 2 for insulin (when initiated) and intravenous
glucose (later in the pathway). If there is a problem with
intravenous access critical care support should be re-
quested immediately.

The pathway is divided into 3 main sections: (1)
Clinical assessment and monitoring, (2) Interventions and
(3) Assessments and prevention.

All cases of HHS must be referred to the inpatient dia-
betes team for review and care planning. For full details of
the care pathway see Figures 1 and 2.

11 | IMPLEMENTATION AND
AUDIT STANDARDS

Since the publication of the first version of the guidelines,
it has been implemented and adapted widely. The guide-
lines are reviewed regularly for updates in line with the
emerging evidence. This document should be regarded as
a ‘live document’ and we welcome feedback.

This version includes audit standards for implemen-
tation and evaluation derived from institutional and na-
tional diabetes standards.”>** See Appendix S3.
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