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further our understanding of the factors which control and influence th

e develop~
ment of both health and disease in the human.
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MANAGEMENT OF HYPERGLYCAEMIC EMERGENCIES*

Sally.M. Marshall and K. G. M. M. Alberti, Department of Medicine, University of
Newcastle upon Tyne

ic decompensation of diabetes leading to life-thrgatemng hyper-
g;l::;eenrllil: ta::ﬁihcdehydragon with or without ketoacidosis conqnue; t? hoccur
commonly despite higher awareness amongst the general public, healt cari
rofessionals and people with diabetes. Data from the USA suggests an anng:h
incidence of diabetic ketoacidosis (DKA) of 3 to 8 epl_sodes per 1000 pat;ents. w(;
20-30 per cent of new cases presenting in ket(?ac1d051s.1 A rate of 1.3~ ;plsq es
per 100 patient years was reported by the Diabetes Control and Comp ications
Trial Research Group.2 The frequency of hyperqsmolar 'non—ket‘otlc bcloma 51_s
about 10 per cent that of ketoacidosic coma. Mortality remains c'onsxdera eat
10 per cent and has changed little over the last. 20 years. A mgmﬁc;;nt propgrtlohn
of deaths are avoidable with careful and gxpencnced management. SO}I:‘IC e;t s
particularly in non-ketotic hyperglycaemic emergencies, are due to the (;m le)ll'-
lying precipitating illness rather than the metabolic upset and there is considerable
increase in mortality in the elderly.*

PATHOPHYSIOLOGY . o
The hallmark of diabetic ketoacidosis anq nor}-ketptlc hyperglygaemla is an
absolute or relative deficiency of circulatmg 1qsuhp. In Q—peptlde ne%atltv:,
diabetic patients, lack of insulin leads to a’rapld rise in hepatic glucose OufPr ,e
with an initial fall in insulin-dependent peripheral glucose uptake dufé to a fai ur.l
to mobilise GLUT-4 glucose transporters.® Blood glucose concentratlgnlsglse uli;i
glucose disposal again equals glucose in;'n‘lt.5' Th%s occurs at aro?n X mmo n_.
The fall in insulin-dependent glucose utl!lsatlgn.ls compensated (l))r yl conc:c:.::l
tration driven glucose uptake which is 1n‘suhn—1ndependent and y 8 lyc‘osun%
Further rises in blood glucose concentration occur due to the stimu ?tli)n t}c:e
gluconeogenesis and inhibition of peripheral glucose uptake by cgl:tlso ,on ©
catecholamines and glucagon acting as counter—r.egu.lato.ry hprmones'. uczg s
of particular importance; circulating levels rise in 1psu1m deﬁcie‘r:lcy Hesper_
hyperglycaemia,” the rises in cortisol and catechIamlrﬁi oc<c:1ur gdi;ll ; r?s]fﬂin
glycaemia per se decreases peripheral g@ucose .utlhsatlon and resi Jnsub
secretion,10 creating a vicious cycle of increasing plasma gluc_ose conczrlll i 103;
Hyperglycaemia leads to dchydratign, apd eventually hYPOteIfl.smﬁ’ as vzrsens oss
of electrolytes through osmotic diuresis. The dehyd.ratlon1 urther twke ens b
hyperglycaemia through poor tissue' Rerfusmn, reducmg g 1u.lcose upta ,
and delaying absorption of any remaining .subcut‘aneous insulin. acor
Insulin deficiency coupled to high circulating leve}s of counter-reg : 5;
hormones results in unrestrained lipolysis, with a large. increase in th; sulpp y o
non-esterified fatty acids (NEFA) to the liver. Lack of 1nsu1_1n al?d hig g.lcllca:gon
levels combine to switch NEFA metabolism from re-esterification to oxidation,

*Based upon a lecture deliveredby K. G. M. M. Alberti at the Symposium on Medicine through
the Ages: Paediatrics to Old Age held in the College on 15 October 1993.

105




106 SALLY M. MARSHALL AND K. G. M. M. ALBERTI

with a subsequent rise in ketone body production. Insulin withdrawal studieg
have demonstrated a continuous rise in plasma ketone levels for 10h,!! the leve]
of ketone bodies and NEFA correlating with glucagon concentration.”" 11 It g
unclear why ketoacidosis is not a prominent feature of non-ketotic hyper-
glycaemia, as most report that circulating levels of insulin and glucagon are
similar to those observed in ketoacidosis.!? Malchoff et al.13 suggests that sma]]
but finite concentrations of circulating insulin are sufficient to damp down
lipolysis. It is possible that the extreme hyperglycaemia and hyperosmolality
commonly seen in non-ketotic hyperglycaemia per se inhibit lipolysis and ketoge-
nesis.' It is worth commenting that non-ketotic and ketotic hyperglycaemia
form a continuum with ketone body levels above normal even in the ‘non-
ketotic’ form. It could be that in non-ketotic hyperglycaemia there is a much
more rapid rise in glucose levels because of poor renal function or continued high
carbohydrate intake, thus representing an earlier stage of metabolic
decompensation.

PRESENTATION

Symptoms and signs. In their extreme forms, diabetic ketoacidosis and non-
ketotic hyperglycaemia progress to altered consciousness and eventually coma,
but less than 10 per cent of patients now present in coma. The majority have
symptoms of polyuria, nocturia, thirst and polydipsia and marked signs of
dehydration. Ketoacidosis often results in nausea, vomiting and sometimes severe
abdominal pain, particularly in the young, whilst the breathing is generally deep
and rapid, with the characteristic odour of acetone. There is often hypotension
with a tachycardia and a warm skin but decreased core temperature. This is
secondary to the acidaemia which has a negative inotropic effect and at the same
time causes peripheral vasodilation. Particularly in older patients, symptoms and
signs of the underlying precipitating cause may over-ride those of the metabolic
upset, or the presentation may be one of a non-specific general deterioration of
health. Occasionally in hyperosmolar non-ketotic states, focal neurological signs

may be present which resolve completely as the metabolic state returns to
normal.

Precipitating factors. The importance of the most common precipitating factors of
the hyperglycaemic emergencies, namely infection, other intercurrent illness and
failure of insulin delivery, varies with the population studied. World-wide,
infection remains the commonest underlying cause.!:15 Any intercurrent illness,
particularly vascular events in older patients, may lead to metabolic decompen-
sation, while problems post-operatively, in pregnancy and with particular drugs
are occasional causes. Malfunction of a mechanical insulin-delivery device may
precipitate hyperglycaemia, particularly if the problem is not recognised
early.’®:17 A significant proportion of cases are accounted for by a small number
of patients with repeated episodes.!®19 These are either young, generally female,
patients with severe psychological problems who omit insulin, or elderly, infirm
patients who lack appropriate supervision.

Diagnosis. In the classical picture of diabetic ketoacidosis, the diagnosis is
obvious but a high index of suspicion is necessary particularly in the elderly and
in the non-ketotic, who may present with non-specific symptoms. Euglycaemic
keto-acidosis is possible2® and is associated with fasting in the prodromal per-

\
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;0d.2! The diagnosis can be made rapidly by measuring f:apllla}lryij 1blof9d Ehtlcrolzz
ncentration at the bedside and testing plasma or urine, 1f’ available, for 1 o e
Co’th a dipstick. Laboratory confirmation of hyperglycaemia and ac1d9s1s shou
‘Q: soughtpquickly, together with measurement of sen;mpélc(:;trolsytes, blg:::gﬁ?:&;
inine and arterial or capillary pH, pO, an ,+ Serum
223 ‘tfzei:lltgﬁzt:d from the formula: 2 x [Na* +K*]+glucose +urea=mOsm/l. A
search for any precipitating cause should be undertaken (Table 1).

TaBLE 1

Initial investigations to identify a precipi-
tating cause of metabolic decompensation

Throat swab

Urine microscopy and culture
Blood culture

Chest X-ray
Electrocardiogram

MANAGEMENT . . ~
The main requirements in the treatment of hypf:rglygaemlfi eme;gr;r:lace)sf ?he
i ev
i i f the electrolyte imbalance and steady rever
rehydration, correction o : . sy e e
i i i 1 Assiduous attention to detal .
disturbed intermediary metabolism. ‘ il is vial, Tn dhe
i i t. constant medical attendance a ,
early days of insulin treatment, e e et e
22 Today, no-one would demand suc ,
deemed necessary. oday, no ' . ot
principle of frequent medical review by experienced staff remains paramou

'd . .
1;“112‘; swatcr deficit is on average 5 to 81 but may be more, particularly in

TR i< Tost
hyperosmolar non-ketotic coma. In the osmotic diuresis, more free water is lo

than sodium, but none-the-less, the average loss of sodium is 400-800 mmol.

i ion
Despite this, serum sodium is commonly low at presentation. The concentrat

iluti iated with the rising serum glu-
i factually lowered by haemodilution associated witk .
t:so:ef tz a3Cmmc}>,1/l rise in glucose above 5 mmol/l resulting in aphappaglent(ilogxlzszl()rlsi
’ i i bject with a bloo
the serum sodium by 1mmol/1.2> Thus in a su ucose
Sgnceitration of 56mmol/l and a measured sodium of 130 mmol/l, the ‘true
i ill be 147 mmol/l. o .
SOlerdIlle;;ate prompt rehydration is vital. This will raise blood presisure, llmplt;o:')i.
to peri i le, allowing even low leve
blood flow to peripheral tissues such as muscle, o e
i ing insuli i ting glucose uptake, reduce :
circulating insulin to have an effect in promo ' pee the leve
i i d re-establish the renal circulation,
f circulating counter-regulatory hormones an )
%ff:::lgve re}%ydration without insulin treatment lower.s serum .gllJCOS? contccgl(t):-
rations significantly, with as much glucose being lost in the urine as is meta
1 4 1¢25,26
lised,23 but without affecting the acidosis . N .
ls‘E[‘here is still controversy over the type and‘rate of ﬂu¥d adm1n1§trathn.ﬂ0ui\?de:sr
the last 30 years, the emphasis has been on rapli rel:iydratlon \glt.h 1:}(;20?11:8 o h,
st i inistered 1n ,
idelines suggesting that 81 of fluid shoqld e adminis
%;the lhteli‘ thgi;g amogunt being given within the first 4h.?’ .glogveizeréeﬁi(;;t
icati i lated to rapid tlui ,
over complications, which may be re .
gg[?:cei;rlllsy cardiac faifl)ure, hypernatraemia, cerebrgl oedema and adplt resfplzraftlcslriz
distress syndrome (ARDS), have lead to reappraisal. In a comparison o
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regimens, one giving 11 isotonic saline per hour for 4h followed by 500 ml/h for
4h, the second giving fluid at half these rates, plasma glucose fell at the same rate
in the two groups, whilst plasma bicarbonate and the anion gap recovered more
rapidly with the slower infusion rate, and predictably, sodium and chloride
concentrations rose less.2® Thus more cautious fluid replacement than has pre-
viously been recommended may be beneficial, particularly in the elderly where
congestive cardiac failure is commonly encountered with standard therapy.2°.

Perhaps more controversial has been the type of fluid infused. On the
grounds that more water than sodium is lost in the osmotic diuresis, it has been
argued that hypotonic saline reduces the risks of worsening hypernatraemia and
hyperosmolality seen with infusion of isotonic saline. However, isotonic saline is
hypotonic to the hyperosmolar plasma in DKA and there are risks of circulatory
collapse, cerebral oedema and ARDS if the serum osmolality falls rapidly and
water is lost from the intravascular space. Conflicting studies on the relationship
of the rate and type of fluid replacement to the development of cerebral oedema
continue to appear.3%33 Of note is the fact that hypotonic and uneven fluid
administration, particularly rapid early rehydration33 was associated with a persis-
tently low sodium which in turn was associated into cerebral oedema.

On balance we feel there is enough evidence to suggest that initial resusci-
tation should be carried out with isotonic and not hypotonic fluid. The exception
is when the initial plasma sodium concentration exceeds 150 mmol/l, which
occurs particularly in hyperosmolar non-ketotic coma. In such cases 0.045 molar
saline should be given, but slowly. If the plasma sodium rises to 155 mmol/l this
can be safely replaced with 5 per cent dextrose in water. The rate of replacement
should not exceed 500 ml/h unless the patient is shocked (Table 2).

TABLE 2
Guidelines for fluid replacement in hyperglycaemic emergencies
First hour 11 isotonic saline
Second hour 500 ml isotonic saline
Third hour 500 ml isotonic saline
Thereafter

250 ml isotonic saline per hour until rehydration complete

If persistently hypotensive or oliguric, give colloid or blood.

If serum sodium > 150 mmol/l initially, or rises to >155 mmol/l during treatment, use hypotonic
fluid (0-045 mmol/1 saline or 5 per cent dextrose in water).

Insulin

Historical aspects. Before the advent of insulin, ketoacidosis was almost invariably

fatal, although spontaneous recovery following treatment with fluids, alkali,
cardiac stimulants and dietary restriction was occasionally reported.3435 Initially,
the doses of subcutaneous insulin given were governed by its availability.36 With
free supply doses increased rapidly. In his report of 15 cases in 1923, Foster
described a dosage range of 70U in 6h to 180U in 12h.36 In the fear that
continuing high mortality was due to ‘insulin resistance’ and inadequate treat-
ment, doses continued to escalate through the 1930’s and 1940’s; ‘fearless use of
large doses of insulin’ was recommended.3” Standard initial doses of 25-100 U
were given, depending on the patient’s age, severity of acidosis, previous insulin
administration, the degree of coma and presence of infection. In severely ill
patients, this large dose was repeated every half hour until clinical and bio-
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chemical improvement was observeﬁ. "CIl‘hereafte;, g(il;;e)zuc:ifa 10’5336 :Jg;v’z;e iﬁl‘;ﬁrel
one to two hourly depending on the degree o - D i the
i 925 to around 200U in the 1930’s an

o 26‘:)}(; ljal'lgeie&f;;o,ls 5;4238_1:13 11—91i3v;e13e2r5, much larger doses, sevex:al thqusanc}
geli.n\ the flir;st 24h, Vk;ere recommended in extremely ill ‘insulin resistant
patients.?2#! When intravenous therapy became commonplac;:,o dqses vflcl)ts}i lf;\;;t;
higher, initial amounts of 200400 U follqwed by 50U everyu"é'mn,

amounts of intravenous fluids, apparently improving outcome.

Advent of low-dose therapy. Despite the aboYe dogma, several ealrlly ;c:tel:ocr);
tempered their enthusiasm for vast doses, reporting tl}at frequent, smaller oses of
around 50U were equally effective as larger doses glgren atl long:}: g;e;vge;luent
i 1946 onwards showed good results w1 ‘
ggu];l)l\;ln :r:‘lzlmlj\a’n};)cﬁ:l?sr; of 4—010U 47.48 but no controlled compansor;s Weie
’ i : i i tality rate
domised study showed no difference in mor
B of improveme i ical indices in groups given 80, 160 or
in rates of improvement of biochemical indices in g | : '
ZZOI{IJ rizilseulin subfutaneously every 2h,4° In a latef) pa%)(;:rIjI | }slmallere c:lcis;is; ng{:ﬁt;
i infusi iming followed by , wer '
by intravenous infusion, 50U priming : T e
i d until the early 1970’s. In ,
used.>® However, this work was largely ignored un o7 i
i i ffects of insulin on serum growt lone,
work done primarily to observe the e . : ' ormone,
ble rates of continuous intraveno :
Sonksen et al.5! demonstrated that varia ¢ b i
insuli 20-180 uU/ml, resulte
i f insulin, chosen to produce serum levels o cd 1
:;g?ila?' rates of fall of blood glucose. This lead to thg use ofdlow glc;sekrllr:)t\f:n
muscular injection therapy as a ‘poor man’s’ IV 'mfusmn, b?se }?nj e snows
absorption kinetics of insulin.3® This proved stnl;lrslg;}(r) Ie-;'fectlze. dna I;redictable
i d by hourly doses of 5— produce
o o <lucose. of an 1/1/h and a satisfactory rate of recovery
fall in plasma glucose of aroupd 5mmol/l/h an B e et anickly
keto-acidosis. Confirmation of the effectiveness o ' . tickly
i:f)cl)llc?wefi.53 A randomised trial confirmed that lqw-dose ‘mlzlermltte}?it hl_ndtcr)ze
muscular injection therapy corrected hYPerglycaemla as c!ulllc1 y has okilaemia
combined subcutaneous and intravenous injection therapy, with less hyp
lycaemia.54 -
and.llqlglizg gapers then quickly appeared to attest to the success ofl loyvr:llr?si
continuous intravenous insulin therapy in diabetic ketoac1dlcl>;1ist, :;tchontiiiied if
- i ts, a ,
ing from 24 to 7-2U/h.35757 Despite many reports, alt ‘
;ﬁgcesrs(f)'ul management using low-dose therap;;, doufl).ts per‘SItSted,’eZﬁZClzllf{s 3(2?11112
insulin i ‘i esistance
the efficacy of low-dose insulin in the face of ‘insulin r ]
f0: Sontro},led trials. A prospective study confirmed th.atllow-dosle (6 Ut:féilzi
dose, followed by 6U/h) intravenous infusion gave similar results m t ms of
redu,ction of hyperglycaemia as high-dose intravenoqs/subcutaneou; inj cuon
therapy, but was easier to use, gave a predictable f}‘?}lldln giucosz 221 Co(;:)tlilnuous
, i ia developed.?® In children, low-do
stopped abruptly if hypoglycaemla e omia more. slowly
intravenous insulin infusion (0-1 U/kg/h) corrected hyperg more s oWy
idosi imi less hypoglycaemia and hyp
keto-acidosis at a similar rate, and resu!ts in ‘ nd
i:ltaenii: a‘t‘}::an high-dose (1-0U/kg/h) infusion.>® Low dose IM insulin is also
ive in children.®? o
effe(l::ttll:fhg work confirmed the effectiveness of low-dose insulin (;glvl::rt l;}sf ;Ei
intravenous, intramuscular or subcutaneous routes, but d.emonstrate tha ’the one
might expe’ct, the fall in blood glucose and ketone bodics was faster in
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two hours of treatment with intravenous insulin in ketoacidotic®! and non-ketoti
hyperglyf:aemlc patients.%? In all other respects, low-dose intramuscular i Olt'lC
and continuous low-dose intravenous infusion, both preceded by loadi IIcllSu .
are equally effective in treating ketoacidosis.®> The loading dos}c': is alrrxlmg .,
tainly unnecessary with the IV regime. The amount of insulin given iSOStf CC}:-
order of 6—12U/h. In several large series, this dose has been suf%cient t Ott .
fllmost all patients, only a small minority requiring larger doses. Even in s:v re1a t
ill, comatose patients with extreme hyperglycaemia, the rate of decline in lere ,
glucose with low-dose therapy is generally satisfactory, as are other respoxll)s:::ntlcil

Current practice. Where facilities are available, it is our practi i
venous insulin, i'nitially at 6 U/h, without a loading dose. Inlzt;(iursgh;zr;si(;nlriltrg-
any case the. main factor in lowering the blood glucose in the first hour. Thi rate
of _1nfu5101.1 1s continued until the blood glucose reaches 13—14 mmol/l. at Sl:‘at}j3
point the mfusiop rate is reduced to 4 U/h and infusion of 10 per cent luc‘:;el(':
water, 80ml/h, is begun. Saline may be continued if the patient is gstill vem
dghydrated. The use of 10 per cent rather than 5 per cent dextrose is associ trg
with more rapid clearing of ketones and restoration of pH to normal.s5 It r; N
be appreciated that hyperglycaemia may resolve rapidly eg in 3—.6h whﬁsr
metabghsm of ketone bodies may take 15h or more, thus necessitatin 4
nued infusion of insulin, to allow utilisation of ketone bodies coveregdcc\:s?'ttll;
glucose to prevent hypoglycaemia. If an infusion pump is no; available tlh
mtramuscu{ar route is used, with an initial loading dose of 20U followe::l be
6U/h Agam, when the blood glucose falls to around 13-14 mmol/], the dose of
Lnsuhn is reduced to 5U IM every hour and infusion of 10 per ,cent lucose
begun as abovg. Thereafter, the rate of glucose infusion is kept constant fnd th
insulin dose adjusted to maintain blood glucose between 10-12 mmol/l Strivin;

for normogl i Sl .
(Table 3) glycaemia within the first 24h is not necessary and may be dangerous

TABLE 3
Insulin administration regimens for hyperglycaemic emergencies

Diabetic Ketoacidosis

Adults
Intravenous 6-8 U/h as 1 U/ml in saline iatri
ump or paediat ivi
C }f};;ramuscular 20U loading dose then 6U/}l:1’ P ©F pacciamic giving set
ildren

0-1 U/kg body weight/h either as continuous IV infusion of IM injection

Hyperosmolar non-ketotic coma
Intravenous 34U/h
Intramuscular 10U loading dose, then 4 U/h

If blood glucose does not begin to fall within 2h i
general cqndition of the patient should be reviewed, pix‘f;iiﬁllr;;ncgar:eljg;en? l:he
to assess circulatory status, hydration and presence of infection. In additi%) 3t§n
fnfus_lon system should be carefully examined. If all of these ar'e satisfactorn, the
insulin dose should be doubled. If IM insulin is being used a switch to IV iz;ulil(l3
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should be made. The successful use of insulin-like growth factor 1 (IGF-1) for the
treatment of severe insulin-resistant DKA has been reported, although it is very
rarely likely to be necessary.®” :

In non-ketotic hyperglycaemia, less insulin is said to be required, although we
use the same amounts as for DKA.

Transfer to subcutaneous insulin. When the patient begins to feel like eating, fluids
and light solids should be given with continuation of intravenous or intramuscu-
lar insulin. If this has no adverse effects, subcutaneous insulin should be given
before the next full meal and the intravenous infusion of insulin stopped 30 min
Jater. This overlap allows time for absorption of the subcutaneous dose to begin.
It is best to begin subcutaneous insulin as short-acting insulin before each of the
three main meals, with intermediate-acting insulin in the evening, thus allowing
more frequent dosage adjustment. Initial doses are in the ‘range 6-12U before

" meals and 10-20U before bed. Many patients who present with non-ketotic

hyperglycaemia may manage without insulin in the long-term, but it is safer to
continue insulin for several weeks after the acute event.

Potassium
Despite the large total body deficit of 500-1000 mmol of potassium, the initial

serum potassium may be high, normal or low. Those with low or normal levels
have probably managed to maintain hydration and therefore renal flow, thus
allowing continued loss of potassium in the urine. The cause of the intracellular
potassium depletion has been blamed on the acidosis, as well as on insulin
deficiency per se, although this may be too simplistic a view. Infusion of mineral
acids causes potassium displacement from cells®® but infusion of organic acids
does not.6® It may be that organic acids diffuse into cells readily, so that
potassium exchange is not required to maintain ionic balance.”® In a large study
analysing the factors determining initial plasma potassium concentration in keto-
acidosis, plasma glucose, pH and anion gap had independent effects.”® Thus
ketoacidaemia and hyperglycaemia, both obviously secondary to insulin defi-
ciency, are the main determinants of plasma potassium, with pre-renal azotaemia
contributing by preventing potassium loss in urine. Intracellular fluid loss will
also contribute greatly to the total body potassium loss.

Whatever the initial potassium concentration, it invariably falls rapidly when
treatment is begun, due to intra and extracellular rehydration, continued loss in
the urine, reversal of acidaemia and to direct action of insulin on potassium
transport into cells. Effective management of hyperglycaemia therefore requires
adequate potassium replacement. Provided renal function is normal, the risk of
hypokalaemia far outweighs the risk of hyperkalaemia. It is therefore sensible to
begin cautious potassium replacement, 20 mmol/h of potassium chloride, at the

time of beginning insulin and rehydration. It can be stopped if the first laboratory
value comes back at 5-5mmol/l or greater, or there are obvious signs of hyper-
kalaemia on the ECG. Thereafter, the rate of replacement is governed by the
serum level, electrocardiographic monitoring and urine output. It may be necess-
ary to infuse as much as 40-80mmol/h, well diluted in large volumes of
rehydrating fluid. It is probably wise to continue oral supplementation for several
days after intravenous therapy has ceased.
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Bicarbonate
In diabetic ketoacidosis the presence of high concentrations of acetoacetate and 3.
hydroxybutyrate imply that there is a large load of potential alkali awaiting
metabolism with effective treatment. This, plus the potentially detrimental effects
of giving bicarbonate, namely local irritation, hypokalaemia, paradoxical worsen-
ing of CSF acidosis, rebound alkalosis and impaired oxyhaemoglobin dissociation,
have restricted bicarbonate therapy to patients with severe ketoacidosis. A
prospective study’! and a retrospective, uncontrolled study’2 suggested that
infusing bicarbonate did not alter rates of clinical or biochemical recovery, and
indeed may have slowed the rate of fall of hyperglycaemia. A randomised,
prospective study demonstrated a more rapid rise in pH and capillary blood
bicarbonate in those given bicarbonate, but no change in the rate of fall of blood
glucose and a delay in the fall of lactate and ketone bodies.”® In another
controlled trial, there was again no change in the rate of fall of glucose and
hypokalaemia developed.” In animal studies we found that bicarbonate appeared
to promote glycolysis but not glucose oxidation with a rise in lactate.”> Thus
metabolically at least, bicarbonate is not advantageous, although its value in
protecting against cardiac arrhythmias and improving cardiac function remaing
unclear. Currently we do not administer bicarbonate unless pH is 6:95 or less, at
which stage there can be depression of brain function, when 100 mmol is infused
over 45min, together with 20 mmol KCI, and the arterial pH remeasured 45 min
later, and further bicarbonate given if the pH still <695. Small doses of
bicarbonate (25mmol) may also be given if the patient is distressed by hyper-
ventilation.

Other electrolytes

It is well recognised that serum phosphate levels fall rapidly with effective
treatment of ketoacidosis. In theory, low serum phosphate levels could slow the
recovery of red cell 2,3-diphosphoglycerate levels, thus impairing oxygen deli-
very to the tissues. However, in practice, clinical signs of phosphate deficiency are
extremely rare and phosphate replacement does not speed biochemical or clinical
recovery,’® nor elevate red cell 2,3-diphosphoglycerate or impair oxy-
haemoglobin dissociation.”” Thus it seems unnecessary to administer phosphate
routinely.

Hypomagnesaemia is common during poor diabetic control and at presen-
tation of and recovery from ketoacidosis, when it may be associated with
hypocalcaemia and hypophosphataemia.”® As with phosphate, replacement is not
routinely recommended.

GENERAL MEASURES

Management on the intensive care unit is not generally necessary, provided
nursing staff familiar with the condition and trained in its management are
available. Attention to detail and regular assessment by experienced clinical staff
are probably more important than high technology.”® Pulse, blood pressure,
respiratory rate and temperature should be recorded half hourly for the first 6h,
hourly for the next 6h and then 2—4 hourly. An accurate record of fluid intake
and output is vital. If the patient is elderly or has cardiovascular disease, more
careful monitoring of fluid balance should be undertaken using central pressure
measurement. If the patient is unconscious, a naso-gastric tube should be passed to
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prevent aspiration of gastric contents. Urinary catheter'isati(‘)n is necessary 1f1' 'thel"e
has been no urine flow for the first 4 hours. If the patient is found to be oliguric
osemide (40 mg) is useful. .
v fSuilt;;ns of ini‘ectioi) are misleading in ketoacidosis. Th.us lCl:ICOCB}(')tOSIS-lls ({)01(1:11-
monly? found but correlates with ketone bpdy levels not 1nfe.ct10n,' V\;hl st bo };
temperature remains normal or low even in Fhe presence of infection. In Vll:(;:W o
the fact that infection is a common precipitating cause, broafi—spectrum alntl iotics
should be given early if there is any suspicion of infection. Hy]_:()frg ifcaemla,
especially non-ketotic hyperglycaemia, is a hypercoaguable state, :mf pu Lnonarz
embolism may occur. Low-dose subcutaneous hepan‘n shoulq then? ore be Ese
unless contraindicated, and full-dose intravenous anticoagulation given to those
patients who are comatose or have serum osmolality >350 mOsm/1. 4l
Capillary blood glucose concentration should be measured hourly ?r:j 1 ad
urine voided tested for glucose and ketones. Laboratory measurement o ’1100
glucose, plasma sodium and potassium and blood gases (arterial or capillary)
should be performed at presentation and at 2, 5 and 12h of treaFment, or ?ore
often if clinically indicated. Results should be recorded sequentially on a flow

sheet.

COMPLICATIONS OF TREATMENT (Table 4) . . .
Fluid overload. Rapid fluid replacement may igduce congestive cardl:ilc failure‘,
especially in older patients?® and careful monitoring of fluid balance an .Hsta us is
vital, including measuring central venous pressure in the elderly or very ill.

TABLE 4
Complications of hyperglycaemic states
Metabolic Possibly fluid-related
Hypoglycaemia Fluid overload
Hypokalaemia Cerebral oedema
Hyperkalaemia Adult respiratory distress syndrome
Hyperchloraemic acidosis )
Hypomagnesaemia Thromboembolic )
Hypophosphataemia Deep venous throplbosm
Rhabdomyolysis Pulmonary embolism |

Cerebral oedema. Classically, cerebral oedema presents suddenly in a patient Wh'O
is ostensibly making a good biochemical and .chmcal recovery. The outcgmc?nls
very poor, a substantial number of cases dymg' a(;utely ;'md sltlrvworsb :;\v(l)nge
significant persistent neurological de.ﬁcus.31 The 1nc1dex}ce is un nown,f u one
study reported clinically apparent signs or symptoms in 9 per SCf:nt o clas‘ ,

whilst the incidence of sub-clinical brain swelling is m.uch hlg}le;r. The re atl;on-
ship of the development of cerebral oedema to fluid administration has been
discussed above. It may also be relevant that cer'ebral oedema does r:gt appear }tlo
occur if the blood glucose concentration remains above ‘14 mmol/l hence lt1 e
rationale for not striving to reach normoglycaemia too quickly. It. is noteworthy,
however, that cerebral oedema has been demonstrated at pFesentatlon of ketpaald—
osis, before treatment was begun®!-83 and may worsen Wl.th tr.eatment}; It 121 altso
intriguing that it has been reported much more frequently in children t an adu s11

The cause of cerebral oedema is unclear. Recently, a role for the Na™/H™ ce
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mf:n.lbrar.le lon transporter has been suggested.®4 Activation of the transporter |

aacilﬁcatlon of the intracellular pH results in expulsion of H* and tralr)ls oer .
Na*, z'md hence water, into the cell, with subsequent cell swelling. In devf:’l rt' of
ketoacidosis, the extracellular and intracellular concentration of (;r anic (')(Pi)m‘g
roughly gqual, with little activation of the Na*/H™ transporter and inl £f i
cell swelling. However, with treatment, the extracellular concentratioz ofnz:n’lal
fall§ much more rapidly than the intracellular concentration, the exchan C@s
actlvated,. sodium 1is taken into the cells and cell swelling I'CSl.;ltSv If correct?g erh¥s
hypothesm would explain the initial minor degree of cerebral oe;i rsen
tation and the worsening with treatment. e 8¢ presen-

Treatment.of clinically significant cerebral oedema is not very effective. Hi
doses of mannitol with monitoring of the intra-cranial pressure have been tr.iedlgh

Adult respiratory distress syndrome. Fortunately, this is
fiecogmsed complication of ketoacidosis, charZ::terised b; tr}?;essclltdh;ugc?ns::eg}
tr};ipnoea, }}:ypoxaemla, decre?sing lt}ng compliance and diffuse pulmonary infil-
h e; on chest X-ray. Mortahty is high,#5 and whilst ventilatory support reduces
the death rate frqm respiratory failure it does not influence the overall mortalit
g‘hf: mecham’sm is debated, but like cerebral oedema, may be linked to ra 1ldly :
fiilllm%aoncotlc pFessure.following rapid infusion of large quantities of hypoIt)oniy
ul‘d. Alternatively, it has been postulated that there is a specific alveol :
capillary permeability defect, induced by acidosis and hyperventilation.86 o

Hypoglycaemia. In the early studies of low-dose insulin therapy the inci
hgrpoglycaemla during treatment approached zero. Indeed this Iizr,as cit::lzlcﬁegliz gg
the main advantages of such regimes. Few reports have appeared since that tim
until the wo‘rk of Malone et al.87 in 1992 which showed an alarming rate of 38’
Efr hcer;t during the first 14 days of admission in 3 private hospitals in the USA
o dt ; 1resrt 24h 6 perhcent developed hypoglycaemia (serum glucose <2-7 mmol/l).
nd 7 pb cent in the next 24h. Thus hypoglycaemia remains a real risk but
should be avqldable with adequate monitoring and an early switch to fluid
replacement using glucose-containing solutions. ’ i

CONCLUSIONS

';"2; i::n:;nued hiilll' inideln}cle of and mortality from hyperglycaemic emergencies
ore public health-care and profession is di inti
Further pfltient and professional educatiog on earlyai'eﬁc‘));z;fii?:rsls ofl'sh dlseiPII)OIHtmg-
emergencies and their effective management is necessary. Althou)gl)l tth C;l)ig:l;
f}::rlj;ple; agte' lr)nanagement' with fluid and electrolyte replacement and insulin
thera yt ve been recognised for many years, .the safest type and rate of fluid
nistration remains unclear. Controlled studies comparing biochemical, clini
cal and neurological outcomes with different fluid regimes are required F
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