
Diabetic ketoacidosis (DKA) consists in a serious
acute metabolic complication of diabetes mellitus cau-
sed by both absolute or relative insulin-deficiency as-
sociated with elevated levels of counterregulatory hor-
mones, that modify glucose, lipid and protein metabo-
lism.

It is characterized by hyperglycemia (>250-300
mg/dls), dehydratation with electrolyte deficit, meta-
bolic acidosis (pH <7.3; NaHCO3 <15 mEq/ltses) pri-
marily due to an increase of acetoacetic and β-hy-
droxybutyric acid serum concentration (ketonemia)
and presence of ketone bodies and glucose in the uri-
nes (glycosuria and ketonuria).

Ketoacidosis strikes more frequently patients with
absolute insulin deficit, and therefore patients affected
by Tipe 1 diabetes: around 30% of young diabetic pa-
tients suffers from an episode of DKA versus 10% of

adults. The incidence of DKA in diabetic patients (1)
is between 4,6 and 8 episodes/1000 people/year. The
mortality rate, although reduced by the introduction of
insulin treatment, is not still entirely annulled: accor-
ding to Hylary Byrne (2000) it passed from 44% in the
’30s to 3-5% in the ’80s, but still in the year 2000 has
only changed a little (2-5%) (2).

Every delay in the diagnosis can be particularly
severe for the prognosis of the patient: in babies and
toddlers it can be confused with respiratory distress, in
reticent or obese teen-agers, weight loss can be wron-
gly considered a therapeutical success.

DKA may occurr in children at the onset of dia-
betes (25-40%; Fig. 1), during acute illnesses, and in
already diagnosed non-compliant patients. In toddlers
(0-3 years) it is twice more frequent than in the fol-
lowing ages and is characterized by the presence of
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more serious clinical dehydratation (>10%) and neuro-
logical signs (obnubilation 40%) (3). The other cate-
gory at risk is represented by teen-agers, who may suf-
fer from DKA at the moment of diabetes onset (scar-
ce vigilance or reticence on the problems), or in the
course of diabetes treatment when there is poor com-
pliance (Fig. 2); furthermore in the puberty period the
situation is also negatively conditioned by the fact that
patients usually change doctor for their controls, pas-
sing from the pediatrician to the general physician.
This can imply some risks in terms of follow-up and
vigilance on the possible problems that can arise.

Pathogenesis (1, 4)

DKA is the result of an absolute or relative insu-
lin deficit associated with overproduction of counter-
regulatory hormones. Principal biochemical altera-
tions are represented by:

1) accelerated glyconeogenesis/glycogenolisis;
2) reduced extra-hepatic glucose uptake;
3) higher lipolysis with consequent increase of

hepatic ketogenesis.
The combination of high glucose hepatic produc-

tion and low peripheral uptake is at the basis of hy-
perglycemia: by overcoming the renal threshold for
glucose, glycosuria can occurr. Osmotic diuresis causes
dehydratation. Osmotic diuresis determines water
(average 100 ml/Kg), sodium (7-10 mEq/kg) and po-
tassium (5-7 mEq /Kg) loss.

Also the counterregulatory hormones interfere in
the pathogenesis of DKA:

1) Glucagon level stimulates hepatic glyconeoge-
nesis and glycogenolysis, muscular proteolysis
and peripheral lipolysis.

2) Cortisol level favors proteolysis, providing
substrata (Aminoacids) for glyconeogenesis.

3) Growth Hormone stimulates lipolysis, inhibits
the transportation of glucose into adipose tis-
sues and decreases peripheral lipogenesis.

Ketogenesis (4) 

Under normal nutritional conditions ketone bo-
dies (Acetoacetic and β-hydrossibutyrric acids) hold a
marginal role in metabolism. During fasting ketone
bodies represent the most important alternative ener-
getic source particularly for the brain (Owen 1967)
that is not able to use free fatty acids (FFA) as ener-
getic source.

Ketone bodies are produced in the hepatic mito-
chondria. Although their synthesis under fasting con-
ditions is a protective mechanism of adaptation for the
organism, excessive accumulation can induce severe
metabolic acidosis treating strong organic acids.

Physiologically when the plasmatic ketone body
concentration overcomes 4-6 mMol/lt the mechanism
regulating the mobilization of NEFA (not esterified
fatty acids) is baited from the adipose tissues, through
the stimulation of insulin secretion from the pancreas.
The precursors of ketone bodies are long chain fatty
acids, released by adipose tissues after lipolysis.

Hepatic and adipose metabolic changes are con-
ditioned by glucagon/insulin ratio:

Figure 1. Pediatrics Diabetology Unit of Palermo - Type 1 Dm
DDF for year and modality at onset

Figure 2. Pediatrics Diabetology Unit of Palermo - Type 1 Dm
DDF for age and modality at onset
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a) low glucagon/insulin ratio (as in the post-
prandial period) inhibits the release of fatty
acids and makes inactive their β-oxidation;

b) elevated glucagon/insulin ratio (fasting, diabe-
tes Type 1) is associated to an increase of li-
polysis and fatty acid β-oxidation in the hepa-
tic mitochondria.

The level of Malonil-CoA (the first intermediary
product in the synthesis of long chain fatty acids) is
very important for the treatment of hepatic ketogene-
sis:

a) a high concentration of Malonil-CoA reduces
oxidation of fatty acids due to CPT1 inhibi-
tions (carnitine-palmitoyl-transferase 1) and
therefore reduces ketogenesis;

b) a low concentration of Malonil-CoA involves
CPT1 activation and increases ketogenesis.

Adipose tissues can be considered as a source of
energetic substrata and the liver as the center of con-
version mechanism of substrata into products (Fig. 3).

Treatment of DKA (1, 5-7) 

The success of DKA treatment depends on the
adequate correction of dehydration, hyperglycemia,
ketoacidosis and electrolyte deficit.

Fluid therapy and electrolyte deficit reconstitution

Although numerous protocols on therapy are
available in literature, the most recent reviews and the
ADA position statement 2003 suggest an aware ma-
nagement of dehydration to avoid the risk of cerebral

Figure 3. Ketogenesis
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oedema, one of the most dangerous complications of
ketoacidosis, that affects today still between 0.7 and
3% of patients and is associated with high rates of
morbility and mortality (5, 6, 8).

Cerebral oedema seems to be more frequent in
patients with situations of more severe onsets, particu-
larly in those with low paCO2 and high levels of urea
nitrogen, but seems to be correlated also to the rapid
administration of fluids and to the inadequate use of
NaHCO3 (3, 8, 9).

For these reasons the most recent protocols for
treatment of pediatric DKA underline the importance
of a slow fluid reconstitution. Although Chiasson re-
commends for adult treatment to begin with 15-20
ml/Kg of physiological solution, for children the most
recent recommendations are not to overcome 5-10
ml/Kg/h in the first two hours (max 250 ml/h: ISPAD
2000, ADA 2003) and to continue the hydratation
slowly calculating the body surface area of children so
as not to exceed 3 lt/mq/die (average 2000-2500
ml/mq/die) (5, 6, 7, 10, 117).

The aware management of the therapy prevents
abrupt osmotic variations that are at the basis of cere-
bral oedema. Careful controls of plasmatic electrolytes
(opportune integrations particularly of potassium de-
ficit: 20-40 mEq/lt, 50% of KCl + 50% of KPO4) and
of glycemia are suggested (to avoid too rapid falls:
when glycemia <250mg/dl replace the sol. NaCl 0.9%
N with mixed sol. constituted by 50% of sol. Glucose
10% and 50% of physiological sol.). The follow-up of
clinical patient conditions and the EKG evaluation
prevent rapid falls of kaliemia with well-known car-
diac consequences (7).

Alcaly therapy

The use of bicarbonate is still controversial: it is
only recommended under conditions of severe acido-
sis (pH <7) and suspended if pH >7.2 and HCO3>10
mEq/lts. It is administered in very limited quantities
(1-1.5 mEq/Kg) only after initial hydration, it must be
diluted to avoid osmotic impact and slowly infused
(Sarah Laurence JAMC 2003). Careful controls of ke-
tonemia (strips Optimum Medisense) and of EAB are
essential to ensure a correct treatment management
(5, 6, 12).

Insulin therapy for DKA (5-9, 12, 13) 

The introduction of insulin therapy in the treat-
ment of diabetic ketoacidosis has modified patient
prognosis historically quoad vitam and quoad valetu-
dinem. Moreover, today’s available insulins have been
improved in terms of purity and formulation, and be-
sides this, other positive effects have been obtained by
the adequate choice of the insulin type to administer
(regular), and its administration way.

Up to the beginning of the years ’70s large doses
of regular insulin were administered with subcuta-
neous injections (previous bolus e.v.), this contributed
inevitably to the onset of problems of management
because of the unforeseeable absorption and accumu-
lation in the site of administration, that often deter-
mined general unmanageable hypoglycemia and hy-
pokaliemia.

The true revolution in insulin therapy goes up
again in 1977 with the intuition from Alberti (1, 7, 12)
who suggested to inject small insulin boluses in the
muscle, considered that the insulin half-life administe-
red in the muscle is around two hours, that could gua-
rantee discreet stability of plasmatic insulinemia. The
insulin dose was reduced from 0.25 to 0,1 U/Kg/h.The
introduction of this administration regimen involved
notable beneficial effects in the treatment of DKA:

a) easy comprehension of the dose to administer
by the staff;

b) no need of complex devices for insulin admini-
stration;

c) easy calculation of the dose to administer;
d) low risks of late hypoglycemias and hypokalie-

mia;
e) predictable fall of the serum lactate.
Nevertheless there were problems associated to

the discomfort of the procedures for patients with the
risk of hypotension if the management of rehydration
wasn’t well controlled, and to the unpredictable ab-
sorption if the patient was obese (buttocks, deltoid).

At the end of the seventies, today’s therapy of
choice for diabetic ketoacidosis was definitely intro-
duced: continuous intravenous infusion of low doses
of insulin (0.1 U/kg/h).

The pathophysiologic basis of this therapeutical
approach was explained by De Fronzo (1988) that al-
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so showed, through his studies, as the metabolic ef-
fect of insulin blood levels in adults is very close but
extremely different: the administration of 1 U/h in-
volved 100% inhibitions of lipolysis and 50% sup-
pressions of hepatic gluconeogenesis with peripheral
use of glucose equal to 13 g/h; increasing insulin in-
fusion to 2 U/h involved a 90% suppression of gluco-
se hepatic production and increased peripheral gluco-
se metabolism to 21 g/h. In this way pathogenetic
mechanism of hyperglicemia and ketogenesis could
be interrupted. An increase of infusion up to 8 U/h
increased the suppression of neo-glucogenesis only by
10% increasing the peripheral use of glucose up to 50
g/h and the potassium uptake, with the well known
consequences (13).

In pediatrics, international guidelines have con-
firmed the utility of this therapeutical choice (ISPAD
2000; ADA 2003) according to which babies and
toddlers, considering their particular insulin sensibi-
lity, begin the treatment with a dose of 0.05 U/Kg/h.
A different administration is that suggested for hydra-
tation and it is possible to modify the dose during the
follow-up (16). When glycemia goes down to under
250 mg/dl it is necessary to halve the dose of insulin,
and modify the infusion solution.

The advantages of this approach consist in:
a) correct therapeutical effect especially in terms

of ketoacidosis control Vanelli (personal com-
munication) has shown how good correlation
exists between insulin requirement and EBA,
ketonemia and glycemia in the first hours of
diabetic pediatric ketoacidosis treatment;

b) good hepatic and peripheral insulinization;
c) reduction of the plasmatic osmotic fall;
d) scarce onset of late hypoglycemia and hypoka-

liemia and possibility of correction;
e) decreased risk of cerebral oedema;
f ) good acceptance of the patient;
g) good choice of the insulin dose.
It is important nevertheless to underline how in

case of use of sophisticated devices (infusion pumps),
a detailed vigilance of their correct functioning is ne-
cessary, considered the rapid plasmatic absorption of
the insulin administered through venous infusion (a
few minutes), and the danger of suspending it without
notice (7).

When the patient goes out of the metabolic ma-
rasmus of DKA it is advised to begin an intensive the-
rapy. Before completely interrupting infusion treat-
ment, insulin has to be administered contemporarily
in the subcutaneous way and in infusion.

The DCCT has confirmed how following an in-
sulin therapy based on the continuous infusion of low
doses is important to preserve the residual β-cell pa-
trimony for a long time also after years from the cli-
nical onset of the pathology (14). In the recommen-
dations ADA 2003 the choice of this therapeutical
approach is also suggested in case of mild ketoacido-
sis (6).

General consensus exists on the use of small do-
ses of insulin in continuous intravenous administra-
tion (0.1-0.05 U/Kg/h) as a choice of treatment in pe-
diatric diabetic ketoacidosis. The success of the treat-
ment depends nevertheless also on the correct rehy-
dratation, on the adequate reinstatement of electroly-
te deficit and on an accurate control of metabolic aci-
dosis and plasmatic osmolarity to avoid the onset of
the most dangerous complication in progress of treat-
ment: cerebral oedema.

In consideration of the possible reoccurrence of
episodes of DKA it is necessary to promote campaigns
of information and vigilance underlying the risk of
DKA not only at diabetes onset but also during fol-
low-ups of already diagnosed patients, to underline
once again as the diabetic patient is particularly com-
plex to manage and needs to be followed for years
without ever lowering the level of supervision.
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