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Hyperglycaemic emergencies are associated with significant morbi-mortality and healthcare
costs. Management consists on fluid replacement, insulin therapy, and electrolyte correction.
However, some areas of patient management remain debatable. In patients without respiratory
failure or haemodynamic instability, arterial and venous pH and bicarbonate measurements are
comparable. Fluid choice varies upon replenishment phase and patient's condition. If patient is
severely hypovolaemic, normal saline solution should be the first option. However, if patient has
mild/moderate dehydration, fluid choice must take in consideration sodium concentration.
Insulin therapy should be guided by β-hydroxybutyrate normalization and not by blood glucose.
Variations of conventional insulin infusion protocols emerged recently. Priming dose of insulin
maynot be required, and fixed rate insulin infusion represents the best option to suppresshepatic
glucose production, ketogenesis, and lipolysis. Concomitant administration of basal insulin
analogueswith regular insulin infusion accelerates ketoacidosis resolution and prevents rebound
hyperglycaemia. Simpler protocols using subcutaneous rapid-acting insulin analogues for mild/
moderate diabetic ketoacidosis treatment have proven to be safe and effective, but further studies
are required to confirmthese results. Treatmentwithbicarbonate, phosphate, and low-molecular-
weight heparin is still disputable, and randomized controlled trials are urgently needed to
optimize patientmanagement and decrease themorbi-mortality of hyperglycaemic emergencies.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

In 1828, von Stosch recognized diabetic coma as a separate
entity and coined the first known clinical description [1].
Also in the first half of XIX century, William Prout
accurately described hyperglycaemic emergencies, particu-
larly the forms of diabetic coma [2]. In 1874, Kussmaul
described the “air hunger” of advanced diabetic ketoacidosis,
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nowadays known for his eponym [3]. Twelve years later,
Julius Dreschfeld delivered the Bradshaw Lecture on Diabetic
Coma before the Royal College of Physicians of London, where
he distinguished two forms of hyperglycaemic emergencies
[4]. One, the diabetes of stout people, coma affected patients
older than 40 years, who had suffered symptoms of diabetes
for some time, but were still well-nourished and stout at the
time of coma. No ketones were found in urine. In the other
form, diabetic coma was accompanied by ketones in urine
and was characterized by dyspnoea, severe gastric pain, and
vomiting. Patients' breath and urine had a characteristically
odor of acetone.

Even today diabetic ketoacidosis (DKA) and hyperglycaemic
hyperosmolar syndrome (HHS) are potentially fatal. In the USA,
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mortality of hyperglycaemic crisis has decreased from 3012
cases in 1980 to a nadir of 2274 in 2004. However, since then,we
are facing an increase, and in 2009 there were 2417 cases
reported [5]. Before insulin discovery, mortality rate of DKA
virtually approached 100%. Nowadays, DKA mortality rate is
less than 1% in adults, but higher rates are found in developing
countries, older patients, and with severe comorbidities [6,7].
Additionally, the risk of death increases with the number of
DKA admissions. A single, 2–5, and more than 5 lifetime DKA
admissions were associated with a 5.2%, 13.5%, and 23.4% risk
of death during the median follow-up period of 4.1, 3.7, and
2.4 years, respectively [8]. Despite the impressive decrease in
mortality seen in the last decades, almost 40% of patients with
newly diagnosed type 1 diabetes have DKA at presentation [9].
HHS causes approximately 1% of all urgent diabetes admis-
sions, but the lack of population-based studies hinders the real
estimation of HHS incidence [10]. Although more frequent in
older patients, 20% of HHS cases occur before the age of 30, and
women account for up to 70% of cases [11,12]. HHS is the most
dangerous acute complication of diabetes with a mortality rate
of 5–20% [12,13].

HHS and DKA represent extremes of the same continuum,
with different levels of insulin deficiency, dehydration, ketosis,
and metabolic acidosis (Table 1 and Fig. 1) [14]. Indeed, both
entities may coexist in one-third of the cases. The purpose of
this review is to highlight themost recent research and provide
clinical guidance, where feasible, on the controversies in the
management of hyperglycaemic emergencies in adults.
2. Laboratory Testing

2.1. pH and Bicarbonate Measurements

Initial laboratory evaluation includes arterial blood gas
sampling for measurement of pH and bicarbonate, and then
pH rechecking every 2–4 h until stabilization (Fig. 2) [14].
There is growing evidence that arterial and venous samples
may have sufficient agreement to be clinical interchangeable
Table 1 – Diagnostic criteria of hyperglycaemic emergencies (fro

Mild
(plasma glucose
>13.9 mmol/L)

Mode
(plasm
>13.9

Arterial pH 7.25–7.30 7.00–7.
Serum bicarbonate (mEq/L) 15–18 10–14
Urine Ketone § Positive Positiv
Serum Ketone § Positive Positiv
Effective osmolality ¶ Variable Variab
Anion gap ⁎ >10 >12
Mental status Alert Alert/d

§ Nitroprusside reaction method.
¶ Effective serum osmolality: 2[measured Na+ (mmol/L)] + glucose (mmol
millimoles per litre to milligrams per decilitre, multiply by 18.
⁎ Anion gap: Na+ (mEq/L) − [(Cl− (mEq/L) + HCO3

− (mEq/L)].
in DKA patients without respiratory failure or haemodynamic
instability [15,16]. Brandenburg and Dire reported a mean
difference between arterial and venous pH values of 0.03 and
a high correlation between venous and arterial samples for
pH (r = 0.97) and bicarbonate (r = 0.95) [15]. Gokel et al. found a
mean difference between arterial and venous pH values of
0.05 with high correlation (r = 0.99) in DKA patients [16]. Ma et
al. showed that venous and arterial samples have good
agreement, and decisions on diagnosis, treatment, or dispo-
sition in suspected DKA based on venous blood, instead of
arterial blood gas, were similar [17]. Electrolytes correlation
between arterial and venous blood is more complex. There
are studies reporting poor agreement or unacceptable clini-
cally differences between potassium levels in blood gas and
serum samples, thus precluding the clinical interchange of
these tests [18,19].

2.2. β-Hydroxybutyrate

Acidosis in DKA results primarily from accumulation of β-
hydroxybutyrate and acetoacetate; though other acids may
also have minor contributions. Acetone is present at high
concentrations in DKA, but doesn't contribute to acidosis
since it doesn't dissociate to yield hydrogen ions. Urine
dipstick tests relie in nitroprusside reaction and reflect, in a
semi-quantitative manner, the presence of acetoacetate and
also acetone if glycine is added to reagent's test; however, it
doesn't identify β-hydroxybutyrate. In the physiological state
there is 1:1 proportion of β-hydroxybutyrate:acetoacetate, but
during DKA the relationship raises up to 10:1. Besides not
identifying the most abundant ketone body, urine dipstick
tests fail to monitor response to therapy, and ketone bodies
may be found in urine long after blood concentrations have
normalized. Indeed, Umpierrez et al. showed that urinary
nitroprusside test may remain positive after 24 h of insulin
therapy and for more than 24 h after DKA resolution [20]. As
DKA improves with insulin therapy, ketone bodies production
decreases and conversion of β-hydroxybutyrate to acetoacetate
increases, which may result in positive nitroprusside reaction
m Kitabchi et al. [14]).

DKA HHS

rate
a glucose
mmol/L)

Severe
(plasma glucose
>13.9 mmol/L)

Plasma glucose
>33.3 mmol/L

24 <7.00 >7.30
<10 >18

e Positive Small
e Positive Small
le Variable >320 mOsm/kg

>12 Variable
rowsy Stupor/coma Stupor/coma

/L) or 2[measured Na+ (mEq/L)] + glucose (mg/dL)/18. To convert
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Fig. 1 – Pathophysiology of hyperglycaemic emergencies.
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(urine or blood) despite low levels of β-hydroxybutyrate.
Evaluation of ketone bodies in urine of highly dehydrated
patients, that may not urinate spontaneously for several
hours, poses another challenge. False-positive readings
occur in the presence of sulfhydryl-containing drugs, like
captopril, N-acetylcysteine, or penicillamine [21]. Ketonuria
occurs in up to 20%of normal pregnantwomen after an overnight
fast. Indeed, pregnancy increases maternal ketone bodies by a
factor of 2–3 [22]. Levodopa metabolites may also give false-
positive readings [23]. False-negative resultsmay occurwhen tests
strips have been exposed to air for long time or in the presence of
high acidic urine, for instance after intake of large amounts of
ascorbic acid [24].

Development of laboratorial tests based on blood β-
hydroxybutyrate concentrations resolved most of these
issues. These quantitative tests avoid false-positive readings
caused by sulfhydryl-containing drugs. Furthermore, ketone
bodies increase first in blood than in urine, allowing earlier
DKA diagnosis than dipstick urine tests. Most authors
agree that normal ketonaemia is lower than 0.5 mmol/L,
hyperketonaemia is higher than 1 mmol/L, and generally
during ketoacidosis ketonaemia is higher than 3 mmol/L.
Nevertheless, during prolonged fasting ketonaemia may
reach 6 mmol/L [25].

Demonstration that resolution of DKA depends upon resolu-
tion of ketosis has moved treatment goal from a glucocentric to
ketocentric perspective. Umpierrez et al. found that DKA was
resolved in all patients with β-hydroxybutyrate lower than
0.5 mmol/L, but wasn't in any patient with β-hydroxybutyrate
higher than 1.1 mmol/L [20]. This paradigm changewas recently
pointed out by the Joint British Diabetes Societies in the
guidelines for The Management of Diabetic Ketoacidosis in Adults
[26]. The clearance of β-hydroxybutyrate may be influenced by
the route of insulin administration. Under the same dosing
scheme of regular insulin, intravenous route was associated
with faster glycaemia and β-hydroxybutyrate plus acetoacetate
concentrations decrease and higher blood insulin levels than
subcutaneous and intramuscular routes [27]. During the first
hour of treatment, patients receiving intramuscular or subcuta-
neous insulin experienced an increase rather than a decrease on
β-hydroxybutyrate plus acetoacetate concentrations. Further-
more, a 2 mmol/L decrease from pre-treatment ketone bodies
concentration was seen after approximately 2, 4, andmore than
4 h for intravenous, subcutaneous, and intramuscular routes,
respectively. These differences reflect the slower achievement of
therapeutic insulin blood concentration with subcutaneous and
intramuscular routes. In fact, after 8 h of treatment no signifi-
cant differences were observed in either glucose or β-
hydroxybutyrate plus acetoacetate concentrations among the
three routes. However, as it will be discussed later, when
therapeutic concentrations of insulin are achieved with the
new fast-acting analogues, similar clearance patterns of β-
hydroxybutyrate and glucosemay be observedwith intravenous
and subcutaneous routes.



Fig. 2 – Management of adult patients with DKA or HHS. ¶ serum Na+ should be corrected for hyperglycaemia (add 1.6–2.4 mmol/L per each 5.5 mmol/L of blood glucose decrease).
Modified from references [10,14,39].
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Surrogate markers of ketoacidosis, like pH, bicarbonate, and
aniongapareunspecific and influencedby several factors: degree
of ventilatory compensation, other acid-base disturbances, and
treatment [28]. For this reason they shouldn't be used tomonitor
insulin therapyorDKAresolution. Point-of-care (POC) capillaryβ-
hydroxybutyrate blood tests have a reasonable agreement with
laboratory serum ketone tests (95% limits of agreement −0.9 to
1 mmol/L) and amean difference between tests of −0.03 mmol/L
[29]. Byrne et al. showed that POC tests give accurate results up to
6 mmol/L [29]. Another study showed that POC tests are reliable
IVC ISC

3 L 13 L

IVC ISC ICC

2.2 L 9.6 L 23.2 L 

IVC ISC ICC

21.9 L 7.4 L1.7 L

IVC ISC

2.4 L 10.6 L

ISC

3.6 L 15.5 L

IVC ISC

3 L 13 L

IVC ISC

2.7 L 11.8 L

IVC
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D)

C)
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A)

Fig. 3 – Water shifts in hyperglycaemic emergencies. Panel A) Tota
Amale with a body weight of 70 kg will have about 42 L of total bo
extracellular, of which 13 L in interstitial compartment (ISC) and 3
transcellular compartment). Patients with hyperglycaemic emerge
So, for awater deficit of 6 L (DKA) it is expectable a decrease of 0.8 L
For a water deficit of 10 L (HHS) it is expectable a decrease of 1.3 L
The following panels represent the water shifts caused by differen
total water deficit of 10 L. Panel B) Correction of water deficit with 5
of IVC, and ISC, and excessive replenishment of ICC becausewater
(IVC 0.7 L, ISC 3.2 L, and ICC 6.1 L) with D5W solutions. Panel C) 0.
compartment resulting in excessive replenishment of IVC and ISC
resembles the fluid lost by HHS and DKA patients (IVC 1.3 L, ISC 5
with normal or high sodiumconcentration andwithout severe hyp
replenishment of IVC and ISC, and excessive ICC replenishment (I
up to 3 mmol/L of β-hydroxybutyrate but for levels above
5 mmol/L accuracy is lower [30]. Nevertheless, capillary ketone
POC tests have proven to accelerate DKA resolution 5–11 h faster
than urine ketone dipstick tests [31,32].

Quantitative blood β-hydroxybutyrate tests should be
preferred over urine ketone testing for diagnosing and
monitoring DKA [24]. In fact, blood POC ketone tests may
prevent DKA episodes, ease DKA management, and shorten
intensive care length of stay when compared with urine
dipstick tests [32,33].
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3. Fluid Replacement

3.1. Effective Osmolality Calculation

Water deficit in DKA ranges from 3 to 6 L, and in HHS is even
greater, ranging from 8 to 10 L [13]. Fluid therapy should be
started immediately after the diagnosis of hyperglycaemic
emergency is done and should aim restoration of depleted
intravascular and interstitial volume, tissue perfusion, nor-
mal tonicity, and decrease of counter-regulatory hormones.

Serum osmolality is tightly regulated and averages 288 ±
5 mOsm/kg H2O. It may be directly measured by osmometers
or calculated recurring to equations that ponder different
contributions of sodium, glucose, and urea [34]. More recently,
equations were built with contributions of other osmolytes,
like potassium, bicarbonate, magnesium, calcium, chloride,
and lactate. Effective osmolality, or tonicity, corresponds to
the portion of osmolality inducing transmembrane water
movement. Urea and ethanol easily cross cell membrane and
contribute to osmolality but not to effective osmolality.
Osmolality correlates well with mental status. Stupor and
coma typically occur when total and effective osmolalities are
higher than 340 and 320 mOsm/kg H2O, respectively [10].
Indeed, if coma occurs with lower levels of osmolality it shall
prompt active search for other causes of altered mental
status. However, altered mental status may occur with
effective osmolality less than 320 mOsm/kg H2O in DKA,
mainly reflecting the degree of acidosis [35]. The mechanism
of brain oedema in DKA is controversial. Steep decreases in
effective osmolality, contributing to cellular oedema, and the
systemic inflammatory response of DKA, contributing to
vasogenic oedema, may be involved [36,37]. Other potential
contributors to brain oedema are hypoperfusion before
treatment, post-treatment reperfusion, insulin, and sodium
bicarbonate therapy [38]. Similar processes should develop in
adults, and cerebral oedema has been associated with fast
decreases in effective osmolality. Effective osmolality has
Table 2 – Composition of common intravenous solutions.

Fluid
Na+ Cl− K+ Ca ⁎ Mg ⁎

(mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol

Plasma 135-144 95-105 3.5-5.3 2.2-2.6 0.8-1.2
0.9% NaCl 154 154 – – –
0.45% NaCl 77 77 – – –
D5 0.225% NaCl 38 38 – – –
D5 0.45% NaCl 77 77 – – –
D5 0.9% NaCl 154 154 – – –
D5 Water – – – – –
Hartmann's Solution 131 111 5 2 –
Ringer's Lactate 130 109 4 1.35 –
Ringer's Acetate 130 112 5 1 1
3% NaCl 513 513 – – –
Bicarbonate 8.4% 1000 – – – –

¶ Mean normal blood glucose level in humans. D5, 5% D-glucose monoh
decilitre, multiply by 18.
⁎ Total calcium and magnesium plasmatic levels.
§ 27 mmol/L of acetate.
advantages over total osmolality and should guide fluid
replacement, because it is not affected by ineffective
osmolytes and so it's a better indicator of treatment response.
Additionally, it directly reflects the opposite trends of sodium
and glucose concentrations, twomajor effects of dehydration
and insulinopaenia, respectively. To prevent cerebral
oedema, effective osmolality shouldn't decrease more than
3 mOsm/kg H2O per hour [39].

3.2. Type and Tonicity of Fluid Replacement

There has been great debate about the type and tonicity of
fluid replacement. Colloid solutions have no superiority over
crystalloids. On the contrary, they were associated with
increased death and acute kidney injury [40,41]. Zarychanski
et al. reported increased risk of mortality of 9%, acute kidney
injury of 27%, and renal replacement therapy of 32% when
administering hydroxyethyl starch to critically ill patients
requiring volume resuscitation [42]. A Cochrane review
reported similar results and recommended against the use
of colloids (as opposed to crystalloids) to fluid resuscitation in
critically ill patients [43].

DKA or HHS patients lose hypotonic fluids similar to “half
normal” solution, half from intracellular compartment and
half from extracellular compartment, rendering total fluid
loss replacement with 0.45% NaCl solution a reasonable
approach (Fig. 3) [44]. Nevertheless, rapid changes of effective
osmolality should be avoided due to the risk of cerebral
oedema. Long-term retention of solutes and idiogenic os-
moles by the brain generally overrides the osmotic gradient
with plasma. However, DKA patients are particularly suscep-
tible to brain oedema due to high intracellular osmolality, that
may quickly precipitate oedema if rapid decreases in plas-
matic osmolality occur without enough time for neuron
adaptation. Hoorn et al. showed, in children with DKA, that
effective osmolality decreases during the first 4 h of treatment
were significantly more pronounced in patients with brain
oedema than in patients without brain oedema, with or
HCO3
– Lactate Glucose ¶ Calories Osmolarity pH

/L) (mmol/L) (mmol/L) (mmol/L) (Kcal/L) (mOsm/L)

23-30 1.0-2.0 3.9-6.1 – 308 7.35-7.45
– – – – 308 4.5-7.0
– – – – 154 4.5-7.0
– – 278 170 329 3.5-6.5
– – 278 170 406 3.5-6.5
– – 278 170 560 3.5-6.5
– – 278 170 252 3.5-6.5
– 29 – – 278 5.0-7.0
– 28 – – 273 6.0-7.5
– § – – 276 6.0-8.0
– – – – 1026 4.5-7.0
1000 – – – 2000 7.5-8.5

ydrate solution. To convert millimoles per litre to milligrams per
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without hypernatraemia [36]. Herein, patients with cerebral
oedema received more fluids than the others (69 ± 9 mL/kg vs
27 ± 3 mL/kg vs 35 ± 2 mL/kg, respectively). This intravascular
volume over-expansion caused by isotonic saline solutions
can trigger a complex process of “desalination”. Durward et al.
observed an effective osmolality and glucose-corrected sodi-
um pattern closely resembling desalination in patients with
late-onset brain oedema [45]. Vasopressin, possibly through
renin-angiotensin-aldosterone system, increased natriuretic
peptide, or increased glomerular filtration may be implicated.
The net effect is a decrease in total sodium content, or at least
a lower than predicted sodium increase for the level of
glycaemia, which may confer a higher risk of cerebral
oedema. Moreover, patients with plasmatic sodium lower
than 135 mmol/L may be more prone to develop cerebral
oedema, and by opposition patients with plasmatic sodium
higher than 145 mmol/L may tolerate better the effect of
glucose decrease on effective osmolality [46].

The best composition of isotonic solution remains contro-
versial. Despite the wide clinical experience with normal
saline solutions, there is concern with supra-physiological
osmolality, and sodium and chloride concentrations (Table 2).
In 1933, Kydd documented hyperchloraemic acidosis after
administration of saline solution [47]. In fact hyperchloraemic
acidosis is a predictable consequence of rapid infusion of
large amount of saline solution attributed to the expansion of
extracellular volume and consequent bicarbonate dilution,
with reduction of buffering capacity, hence the term of
dilutional acidosis.

Another concern regarding normal saline solutions is the
higher than plasma concentration of sodium, that can delay
the correction of natraemia and osmolality. Balanced solu-
tions, like Hartman and Ringer's lactate, resemble more
closely the composition of human plasma and are unlikely
to worsen hypernatraemia or hyperchloraemic acidosis,
though its potassium and lactate content generate worries.
DKA and HHS patients may have hyperkalaemia at presenta-
tion, even though total body potassium is depleted. In this
situation it is prudent to halt potassium supplementation.
Lactate is metabolized, mostly in the liver, by gluconeogenesis
(70%) and consumption of H+, and through oxidation (30%)
generating CO2 and H2O, consumption of H+, and ultimately
increasing bicarbonate concentration. The expectable net
effect would be worsening of hyperglycaemia and some
improvement on acidosis. A recent randomized controlled
trial (RCT) conducted by Zyhl et al. failed to demonstrate
benefit of Ringer's lactate over normal saline in DKA
resolution time [48]. Furthermore, the time to reach a blood
glucose level of 14mmol/L was significantly longer in the
group treated with Ringer's lactate solution than in the group
with normal saline.

3.3. Rate of Fluid Perfusion

Current guidelines recommend that total fluid loss should be
replaced during the first 24–48 h [14,26,49,50]. Special consid-
erations are given to patients with kidney or heart failure.
Normalization of electrolytes and osmolality may take up to
72 h, or even more if metabolic disturbance is severe and/or if
important co-morbidities are present. There are no RCT
assessing the rate of fluid replacement. Until prospective
data is available, some general rules may be helpful to safely
guide the rate of fluid reposition. First, osmolality should not
decrease more than 3 mOsm/kg H2O per hour in order to
prevent osmotic shifts of water to intracellular compartment
[39]. Initially, frequent (hourly) effective osmolality assess-
ment is advised to adjust the rate of fluid replacement and to
safely ensure a positive fluid balance [50]. Second, using low-
dose insulin infusion protocols a decrease in plasma glucose
concentration at a rate of 2.8–4.2 mmol/L per hour is
expectable, and if such decrease (or a 10% decrease in
glycaemia) does not occur in the first hour, a 0.14 U/kg
intravenous bolus should be given. However, caution is
recommended because it has been advocated that glucose
shouldn't decrease more than 5 mmol/L per hour [14,50].
Furthermore, fluid administration alone may result in signif-
icant improvement of hyperglycaemia, osmolality, and
acidaemia due to a decline in counter-regulatory hormone
levels, reduced peripheral insulin resistance, and renal
perfusion, which leads to increased glucose excretion. The
net effect is a decrease of glycaemia of 1.4–2.8 mmol/L per
hour with hydration alone [51]. Third, fall of plasma sodium
should not exceed 10 mmol/L/24 h and 0.5 mmol/L per hour
in order to prevent cerebral oedema and convulsions [52]. One
should expect an increase in sodium levels of 1.6–2.4 mmol/L
per each 5.5 mmol/L of blood glucose decrease [53,54]. Indeed,
in the setting of HHS, rising sodium levels should only be a
concern if osmolality is not declining simultaneously, and it is
not necessarily an indication to hypotonic fluids administra-
tion. However, if the sodium rise is much greater than
2.4 mmol/L for each 5.5 mmol/L fall in blood glucose this
suggests insufficient fluid replacement.
3.4. Management during the three Phases of
Fluid Replacement

Three phases of fluid replacement may be found: first, when
the patient is severely hypovolaemic; second, when the
patient is euvolaemic or mildly hypovolaemic but glycaemia
is higher than 11.1–16.6 mmol/L; third, when glycaemia is
below 11.1–16.6 mmol/L. Fluid losses cause greater impact in
the intravascular and interstitial compartments than in the
intracellular compartment. Baring this in mind, the first fluid
solution should be preferentially distributed between extra-
cellular compartments, particularly to restore intravascular
volume and end-organ perfusion. Normal saline is restricted
to extracellular compartment and 1 L of solution contributes
with 180 mL to the intravascular compartment. Kitabchi et al.
advocate that, in the absence of heart or kidney failure,
normal saline solution should be infused at a rate of
15–20 mL/kg per hour or 1–1.5 L during the first hour [14].
After urgent intravascular expansion is accomplished, com-
plete replenishment of all compartments should be sought in
the first 24–48 h. During the second phase, the type and rate
of fluid replacement depends on the state of hydration, serum
electrolyte levels, and urinary output. If the corrected serum
sodium is normal or elevated, in general, it's appropriate to
infuse 0.45% NaCl at 250–500 mL per hour; 0.9% NaCl at a
similar rate is preferable if corrected serum sodium is low.
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Anyway, if a hypernatraemic patient has haemodynamic
instability, 0.9% NaCl should be preferred over 0.45% NaCl
solution. The relative contributions to intravascular compart-
ment of 1 L of each solution are 180 mLand 70 mL, respectively,
and so effective replenishment would take much longer with
the latter solution. The last phase occurswhen the patientwith
HHS or DKA reaches a blood glucose of 16.6 mmol/L or
11.1 mmol/L, respectively. At this time, 5% dextrose should be
initiated to allow continued insulin administration until
insulinopaenia is corrected.

Taken together, these data show that initial treatment with
0.9% NaCl solution supplemented with potassium as needed is
both rational and safe, because: 1) the majority of electrolyte
losses are sodium, chloride, and potassium; 2) effectively
replenishes intravascular compartment and re-establishes
tissue perfusion; 3) it is a safe option until the risk of brain
oedema is assessed and laboratorial results are available; 4)
normal saline solutions are already more hypotonic than the
plasma of HHS patients (286 mOsm/kg vs 320 mOsm/kg,
respectively).
4. Insulin Therapy

4.1. Priming Dose of Insulin

Fluid replacement therapy is able to suppress most of
pathophysiologic effects of insulinopaenia. Indeed, insulin
therapy should not be started until electrolyte results are
available to prevent potentially lethal hypokalaemia.

In the early years of insulin, hyperglycaemic crisis were
treatedwith low-dose regimens due to the scarce availability of
insulin. Even though low-dose protocols were effective, they
were replaced, between 1950 and 1970, by high-dose regimens
of 25–100 U/h given by intravenous, intramuscular, or subcuta-
neous route. In 1973, Alberti et al. proposed a new regimen for
DKA treatment using low-dose intramuscular insulin [55].
Herein, administration of an initial average bolus of 16 U
followed by 5–10 U/h of intramuscular regular insulin was
effective in correcting hyperglycaemia and metabolic acidosis
without the deleterious effect on potassium levels of previous
high-dose regimens [55]. SubsequentlyKitabchi et al. undertook
a series of prospective randomized trials that definitely
demonstrated the efficacy of low-dose protocols in the treat-
ment of DKA [56,57]. Patients treated with high-dose insulin
regimens (total dose of 263 ± 45 U) and low-dose regimens
(total dose of 46 ± 5 U) had similar outcomes, but there was a
significant reduction in hypokalaemia and no event of
hypoglycaemia occurred in the low-dose group. Another study
demonstrated the advantages of intravenous route. Fisher et al.
randomly assigned 45 patients to receive low-dose insulin
intravenously, subcutaneously, or intramuscularly, with an
initial bolus of 0.33 U/kg, followed by 7 U/h of regular insulin
until plasma blood glucose reached 13.9 mmol/L [27]. Intrave-
nous routewas associatedwith faster blood glucose and ketone
bodies decrease. Furthermore, 13%, 20%, and 40% of patients
receiving insulin by intravenous, subcutaneous, and intramus-
cular routes, respectively, failed to achieve a 10% decrease on
plasma glucose in the first hour of treatment and required
additional priming bolus of insulin.
Insulin-priming dose was therefore advocated [10]. Howev-
er, loading dose of insulin may result in hypokalaemia and
brain oedema, particularly in children. Kitabchi et al. assessed
this issue in a RCT [58]. Three insulin regimens were analyzed:
1) load group: using a priming dose of 0.07 U/kg of regular
insulin followed by a dose of 0.07 U/kg per hour intravenously;
2) no load group: using an infusion of regular insulin of 0.07 U/
kg per hour without a priming dose, and 3) twice no load group:
using an infusion of regular insulin of 0.14 U/kg per hour
without a priming dose. Load group reached an insulin peak
sooner and taller (460 μU/mL at five minutes) than no load
group (60 μU/mL at 60–120 min) and twice no load group (200
μU/mL at 45 min). However, insulin plateau was higher in the
latter group than in the formers, DKA resolution (glucose
≤13.9 mmol/L, pH ≤7.3, and bicarbonate ≤15 mEq/L) did not
differ significantly among the three groups. Basedon this study,
if an adequate insulin perfusion is assured, there is no need for
loading dose.

4.2. Variable or Fixed-Rate Intravenous Insulin Perfusion

Widely used variable rate or ‘sliding scale’ insulin infusions
(VRIII) have been replaced by weight-based fixed rate
intravenous insulin infusion (FRIII) [14,26,50]. VRIII therapy
may result in relatively normal blood glucose but blood
ketones may remain high, due to inappropriate low levels of
administered insulin. Wiggam et al. showed that keeping
patients at a fixed rate of insulin (5 U/h) until ketonaemia has
been resolved (β-hydroxybutyrate <0.5 mmol/L), as opposed
to a regimen where insulin rate was changed from 5 U/h
to 1.3 U/h once glycaemia reached 10 mmol/L, allowed a
significantly faster resolution of ketosis (10.8 ± 1.1 h vs
25.2 ± 3.7 h) [59].

Intravenous insulin should reach a plasmatic concentration
high enough to counteract hepatic glucose production, lipoly-
sis, and ketosis. Suppression of hepatic glucose production is
particularly important because insulin lowers serum glucose
primarily by inhibiting gluconeogenesis rather than enhancing
peripheral utilization [60]. Wagner et al. treated 114 DKA
patients without any casualty using a very-low-dose of 1 U/h
of insulin following an initial bolus of 6.2 U [61]. However,
treatment was driven to achieve a reduction in blood glucose
level of 2.8 mmol/L per hour and no data was reported
regarding ketosis resolution. A paediatric study using a low-
dose insulin regimen of 0.1 U/kg per hour intravenously
resulted in a plasma insulin of 50–60 μU/mL. Such levels of
plasma insulin are not enough to suppress hepatic glucose
production and stimulate peripheral glucose uptake, which
require 80–100 μU/mL of total insulin for complete suppression
and 70–80 μU/mL for half-maximal insulin stimulatory effect on
peripheral glucose uptake [60,62]. Nevertheless, it may be
enough to suppress lipolysis and ketogenesis. Regular insulin
infusion of 0.14 U/kg per hour, without a priming dose, resulted
in plateau levels of insulin higher than 100 μU/mL, which are
able to completely suppress hepatic glucose output, lipolysis,
ketogenesis, and, to a lesser extent, increase peripheral glucose
uptake [58]. The increasingly high prevalence of obesity adds
rationale to the principle of adjusting insulin rate to body
weight. When ketone concentration is not falling fast enough
and/or bicarbonate level is not rising fast enough, other insulin
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resistant states, like infection, should alert the clinician to
review the insulin rate.

4.3. Continuation of Basal Insulin with
Intravenous Perfusion

Transition from intravenous insulin infusion to subcutaneous
insulin frequently results in rebound hyperglycaemia, partic-
ularly if there are high insulin requirements.

Hsia et al. undertook a RCT comparing 31 patients treated
with regular insulin infusion and 30 patients treated with
regular insulin infusion plus 0.25 U/kg of daily glargine [63]. The
length of insulin infusion was lower in glargine group (35 h vs
42 h), though not statistically significant. Total insulin infusion
within the 24 h before discontinuation was similar in both
groups. At least one episode of rebound hyperglycaemia
occurred in 94% of control group subjects and only in 33% of
glargine group during the 12 h following insulin infusion
discontinuation. Shankar et al. retrospectively assessed the
usefulness of insulin glargine in the first 6 h of management of
DKA in addition to the standard treatment [64]. Glargine treated
patients had shorter insulin infusion time (14.8 ± 6.0 h vs 24.4 ±
9.0 h), lower total infused insulin dose (43.0 ± 31.6 U vs 89.4 ±
68.8 U), and shorter total hospital stay (3.2 ± 1.0 days vs 3.72 ±
1.06 days). Furthermore, insulin glargine co-administration
with regular insulin infusion may be associated with faster
resolution of acidosis without any adverse effects (12.4 ± 2.9 h
vs 17.1 ± 6.2 h). Taken together, these results suggest that
simultaneous administration of basal insulin and infusion of
regular insulin decrease rebound hyperglycaemia, accelerate
ketoacidosis resolution, and may decrease insulin infusion
time, dose, and total hospital stay.

4.4. Short-Acting Insulin Analogues

After introduction of short-acting analogues other therapeu-
tic regimens for hyperglycaemic emergencies emerged.

Umpierrez et al. randomly assigned patients to be treated
with regular or glulisine insulin infusion until resolution of
DKA [65]. Glulisine and regular insulin groups had similar
duration of insulin infusion, time for DKA resolution, total
amount of insulin until DKA resolution, and length of stay.
However, regular insulin infusion is more cost-effective and
should be preferred over rapid-acting insulin analogues
during the intravenous insulin treatment.

Taking in consideration the attractive pharmacokinetic
characteristics of insulin analogues, Umpierrez et al. conducted
aRCT, inmild tomoderateDKApatients, comparing the efficacy
and safety of subcutaneous insulin lispro administered hourly
with intravenous infusion of low-dose regular insulin [66].
Subcutaneous lispro and regular insulin infusion groups had
similar time required for DKA and hyperglycaemia resolution,
total amount of insulin, and length of stay. However, hospital-
ization associated costs were reduced by 39% in the subcutane-
ous insulin group ($8801 ± $5549 vs $14,429 ± $5243)mainly due
to treatment management in general medicine wards or
intermediate care units and not in intensive care units.

These findings were reproduced by other groups and
globally suggest that subcutaneous rapid-acting insulin ana-
logues, administered each 1–2 h, are effective and safe
alternatives to insulin infusion treatment in patients with
mild tomoderate DKA [67,68]. Longer administration intervals
may not be enough to suppress hepatic glucose production
and ketosis resolution. These studies enrolled a total of 201
patients with mild to moderate DKA andmore robust data are
needed to confirm these findings. Furthermore, subcutaneous
administration of insulin each 1 or 2 h may not be feasible in
some general medicine wards, impeding the great benefit of
this approach in precluding intensive care unit admission.
5. Electrolyte Management

Sodium concentration is usually low due to osmotic shift
of water from intracellular to extracellular compartment in
the setting of hyperglycaemia and hyperosmolality. Water
replenishment and sodium correction should be guided by the
previous recommendations.

Total potassium content is decreased, but serum potassi-
um concentration may be normal/elevated due to extracellu-
lar shift of potassium caused by insulin deficiency,
hypertonicity, and acidaemia [69]. Patients with low normal/
low serum potassium concentration on admission or on
diuretics have severe total-body potassium deficiency and
require vigorous replacement and close monitoring to avoid
cardiac arrhythmias. HHS patients have more severe potassi-
um depletion than DKA patients and, in the absence of
acidosis, intracellular shift of potassium is accelerated in
response to insulin. In this case, the average requirement is
20–30 mEq/h.

Serum phosphate and erythrocyte diphosphoglycerate con-
tent are depleted, thus shifting the oxygen dissociation curve to
the left and limiting tissue oxygen delivery [70]. However, at
admission serum phosphate concentrations may be normal or
elevated, because, like potassium, phosphate shifts from the
intracellular to the extracellular compartment in the setting of
hyperglycaemia, hyperosmolality, insulin deficiency, and
hypercatabolic state [71,72]. Osmotic diuresis worsens urinary
phosphate losses. During insulin treatment, shifts from extra-
cellular to the intracellular compartment cause mild to
moderate hypophosphataemia [10]. RCT failed to demonstrate
clinical benefit of routinely replacing phosphate and severe
hypocalcaemia may complicate the treatment [71]. Patients
with phosphate concentrations lower than 1.0 mg/dL or pa-
tients with moderate hypophosphataemia and respiratory
failure, anaemia, or cardiac dysfunction should receive intra-
venous phosphate replacement [10]. There are no studies
regarding the treatment of hypophosphataemia in HHS pa-
tients; however, they may have more severe phosphate
depletion than DKA patients and close monitoring is advised.

Replacement of bicarbonate in DKA is controversial. Some
defend bicarbonate replacement fearing the effects of acidosis
on cardiac haemodynamics, while others preclude its utiliza-
tion fearing cerebrospinal acidosis and subsequent right shift
of oxyhaemoglobin [56]. Insulin treatment suppresses keto-
genesis and promotes ketoanion metabolism, consuming
protons and generating bicarbonate, which contributes to
correction of acidosis. Morris et al. conducted a RCT in 21
moderate to severe DKA patients and found no improvement
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in the recovery outcome variables [73]. Nevertheless, bicar-
bonate therapymay be associated with hypokalaemia, central
nervous system hypoxia, and oedema. Current guidelines
advocate that sodium bicarbonate should be given when pH is
lower than 6.90. However, patients with hyperchloraemic
metabolic acidosis as themain driver to acidaemia or patients
with low capacity of ketoacid removal should receive bicar-
bonate at a rate similar to hepatic ketoacid production
(~60 mmol/h) [74].
6. Hypocoagulation

Patients with hyperglycaemic crisis have increased risk of
both arterial and venous thrombosis, higher in HHS than DKA,
and similar to patients with acute renal failure, sepsis, or
connective tissue diseases [75]. The incidence of venous
thrombosis in HHS may be related to hyperosmolarity,
hyperglycaemia, hypernatraemia, and elevated levels of
antidiuretic hormone [76]. This high risk, with impact
on prognosis, supports the prophylactic use of low-
molecular-weight heparin (LMWH) for the full duration
of admission unless contraindicated [50]. Nevertheless,
the issue of prophylactic or full dose of LMWH in the
setting of hyperglycaemic emergencies remains controver-
sial. Unfortunately, there are no randomized trials comparing
risk-benefit profile of prophylactic and full dose of LMWH.
Case reports of thrombotic fatalities under prophylactic dose
of LMWH may support the use of full LMWH dose in those
with HHS and low hemorrhage risk [77]. Furthermore, Keenan
et al. demonstrated that thrombotic risk is increased for three
months after discharge, with one third of venous thrombo-
embolism events occurring in that period [75]. These data
support that extended prophylaxis after admission should be
offered to high-risk patients.
7. Conclusion

Hyperglycaemic emergencies remain a serious complication
of diabetes. Despite the management improvements seen in
the last decades, as many as 5–20% of patients die from HHS.
Additionally, as shown by Gibb et al. recurrent DKA is
associated with increased risk of premature death, particu-
larly among young, socially disadvantaged adults with high
HbA1c levels [8]. Therefore, prevention of recurrent DKA is
crucial for these patients. An integrated approach, including
medical, psychological, and social care, as well as structured
education programmes, should be provided for people with
poorly controlled diabetes and/or at risk for DKA/HHS.
Infection and medical noncompliance are the two most
common causes of DKA and HHS. Patient education and
permanent contact with diabetes healthcare team should be
offered. Patients should be educated on how to manage their
diabetes, particularly on “sick-days”, that includesmonitoring
blood glucose more often, testing for ketosis, preventing
dehydration, or administering supplemental rapid-acting
insulin doses. Elderly, specifically those with limited mobility
and those without previous knowledge of diabetes, are at high
risk of HHS. In this regard, caregivers and relatives should be
educated to recognize signs and symptoms of hyperglycaemia
and dehydration.

Mainstays of treatment are insulin, electrolytes, and fluid
replenishment. There is great need of clinical trials address-
ing the controversial areas of hyperglycaemic emergencies.
Most evidence comes from trials undertaken by just a few
groups around the world. The lack of studies may become
problematic if mortality associated with hyperglycaemic
emergencies (particularly HHS) doesn't decrease as a result
of prevention. The increasing prevalence of diabetes predicts
a proportionally growing number of hyperglycaemic emer-
gencies events, which further supports the need of trials to
optimize the management and decrease the morbi-mortality
of hyperglycaemic emergencies.
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