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Therapeutic Conferences

Diabetes Mellitus- Problems of Keto-acidosis

FROM THE DEPARTMENT OF THERAPEUTICS AND CLINICAL PHARMACOLOGY, UNIVERSITY OF ABERDEEN

British Medical journal, 1972, 3, 409-412

DR. J. C. PETRIE: About one-quarter of all diagnosed diabetics are
dependent on insulin and it is usually such patients that are
seen in hospital when the control of blood sugar is lost. Many
students find difficulty in grasping the principles of insulin
therapy.

Diabetic Keto-acidosis and Infection

HOUSE PHYSICIAN: This 15-year-old boy was admitted one week
ago in a stuporose state. In the four days before admission he
had had a 'flu-like illness and had then developed intense thirst,
polyuria, lassitude, and finally breathlessness. The blood
pressure was 95/50 mm Hg. He was dehydrated and smelled
of ketones. The urine contained over 2% of glucope (Clinitest-
Ames) and ketonuria to both Acetest (Ames) and ferric chloride.
There was no past history of diabetes mellitus.

DR. R. A. WOOD: Certain investigations are required immedia-
tely in such cases. While an intravenous route is being estab-
lished, venous blood must be taken for measuring blood
glucose, urea, electrolytes, and carbon dioxide combining power,
and for cross-matching. In the more severe cases an arterial
sample should be taken for estimating arterial oxygen content
and pH.

In this boy the diagnosis of diabetic keto-acidosis was not in
doubt and he required insulin and replacement fluid therapy
urgently.

STUDENT: Insulin must be given, but how do you decide on
the initial dose when you have to start treatment before the
blood sugar and other results are available ?

DR. J. M. STOWERS: There are no rigid rules and no precise
formulae. A suitable initial dose of soluble insulin would be
100 units. There is no danger of hypoglycaemia developing
within the first few hours of insulin therapy in cases of acute
diabetic keto-acidosis because keto-acidosis is always associated
with insulin resistance. Such resistance can be reproduced in
vitro in muscle in the presence of high levels of ketones and
non-esterified fatty acids, while in the actual patient the adrenal
cortex works overtime. The increased levels of plasma cortisol
act to antagonize insulin and increase gluconeogenesis from
protein.
The route of administration depends on the state of hydration

and on the circulation of the patient. This patient was dehy-
drated and insulin should not be given subcutaneously. It is
better to give one-fifth of the dose intravenously and four-fifths
intramuscularly.

Repeating Insulin

STUDENT: How often should one give more soluble insulin?

DR. PETRIE: This is an interesting point. The half-life of
insulin in the plasma is only a few minutes, as it is destroyed in
many tissues-especially the liver and kidneys. What is more,

high plasma levels will allow the loss of much insulin in the
urine. Most doctors advise giving insulin every two to three
hours rather than giving larger doses at longer intervals. Rec-
ently there has been a suggestion that a continuous infusion of
insulin might be preferable.

DR. WOOD: Ideally a continuous infusion requires equipment
which could deliver the insulin at a controlled rate. Ordinary
drip equipment depends far too much on the vigilance of the
nursing staff.

HOUSE PHYSICIAN: This boy received 100 units of soluble
insulin and at the same time an isotonic bicarbonate-saline
infusion was begun intravenously. Over the first 20 minutes we
gave 500 ml and over the first 90 minutes a total of 21.

Fluid Deficit

DR. STOWERS: The fluid deficit of these patients is usually about
5-7 1. The diuresis is caused by the osmotic effects of both hyper-
glycaemia and cellular breakdown products. The strongly acid
ketones are excreted together with cations such as sodium,
potassium, calcium, and magnesium.

DR. PETRIE: There has been some debate whether isotonic
solutions (such as 0-9% saline), which expand the extracellular
space, should be administered during the initial stages of fluid
replacement. Because these solutions do not change the osmotic
equilibrium, significant changes do not develop in the intra-
cellular space, although the extracellular space may be expanded.

If hypotonic solutions, such as 0 45% saline, are given, com-

pensatory adjustments occur to restore osmotic equilibrium
between the extracellular and intracellular spaces, and water
shifts to the intracellular space. Too rapid changes in osmolality
may be hazardous and gross oedema of the brain has been
described in some diabetic patients.

STUDENT: What about the sodium deficit in such patients ?

DR. PETRIE: It is often about 500 mEq of sodium. One litre
of 0 9% sodium chloride injection contains 154 mEq of sodium
and chloride per 1. But, of course, the aim of treatment is not
simply to restore sodium alone.

DR. STOWERS: A persistently low or falling blood pressure is a
particularly alarming feature of diabetic keto-acidosis. This may
reflect contraction of the extracellular space, which includes both
the intravascular and extravascular compartments, and, because
the extravascular compartment is appreciably affected by the
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concentration of plasma proteins, we routinely cross-matc
blood so that it is available as a source of plasma proteins. In
patients who are extremely ill and hypotensive I prefer blood to
other plasma expanders such as dextrans, plasma, or albumin
infusions.

DR. WOOD: The blood pressure, and if necessary the central
venous pressure, are useful guides to the rate of infusion.
Younger patients tolerate rapid replacement of fluid but in

older patients the circulation may become overloaded. Acute
fluid and electrolyte changes across cell membranes may lead to
cardiac arrhythmias, which may be detected by cardiac monitor-
ing.

Cerebral Oedema

DR. STOWERS: We have mentioned that inappropriate infusion
fluids may contribute to cerebral oedema. This may also arise
in relation to the rapid reduction of the blood sugar and the
accumulation of polyols such as sorbitol in the brain.'

Until recently we used slightly hypotonic solutions for in-
fusion, but in view of the recognized shifts of water to the intra-
cellular space we are now using isotonic solutions.

It should not be forgotten that once the patient starts drinking
again, he will contribute further to restoring the fluid deficit.

STUDENNT: Why did you add bicarbonate to the first infusion
fluid? Has one-sixth molar saline-lactate been superseded?

DR. STOWERS: Yes. This was a convenient vehicle for fluid
replacement and correction of acidosis. It was introduced
because sodium bicarbonate was difficult to sterilize by auto-
claving. Excess of lactate may be produced during diabetic
keto-acidosis and contribute to the acidosis, and as sodium
bicarbonate is now sterilized by autoclaving with carbon
dioxide we use it routinely. It must be infused with caution
because, in association with the correction of the metabolic
acidosis and the action of insulin, a rapid flux of potassium to
the intracellular space will occur as well as extra loss in the
urine. This may soon lead to hypokalaemia, which may con-
tribute to cardiac and renal dysfunction.

DR. WOOD: The combined effects of insulin and the infused
bicarbonate can result in quite dramatic falls in the serum
potassium level. It is important to check the serum potassium
each time blood is taken for glucose estimation.

DR. STOWERS: A further point is that the pH of cerebrospinal
fluid is less sensitive to correction than the plasma pH and
indeed the pH in the cerebrospinal fluid continues to fall,
probably because the movement of the bicarbonate ion from
the blood to the brain is slower than carbon dioxide movements.
Both the CSF pH and CO, levels are important in controlling
cerebral functions.

DR. PETRIE: Some centres give saline alone and bicarbonate
separately. We must emphasize that not more than 50-100 mEq
of sodium bicarbonate should be given at a time. We give an
isotonic solution of saline-bicarbonate which contains 30 mEq
bicarbonate/l.

Potassium Levels

STUDENT: There are wide variations in potassium levels during
the initial stages of treatment. Should one modify these?

DR. WOOD: Insulin allows glucose to enter cells quickly,
carrying with it the potassium ion. Until recently potassium was
not given during the initial stages of therapy of diabetic keto-
acidosis, but it is now accepted that potassium may be intro-
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duced from the outset if renal function is known to be essentially
normal and if the serum potassium level is not raised.
With rapid intravenous infusion the extracellular potassium

may reach levels at which intracardiac conduction is disturbed
and so parenteral potassium chloride must be given cautiously
and slowly-that is not more than 25-30 mEq/hour. The total
body deficit of potassium in cases of acute diabetic keto-acidosis
can be as much as 300 mEq.

It should be remembered that the plasma level of potassium
gives little indication of the body's potassium balance and that
too much reliance should not be placed on the plasma levels.

DR. STOWERS: Much of the potassium has been lost in as-
sociation with the breakdown of intracellular protein and cannot
therefore be quickly restored.

STUDENT: You have dealt with the insulin and fluid and electro-
lyte replacement on admission. Is it always necessary to pass a
stomach tube and to give oxygen?

DR. STOWERS: People with diabetic keto-acidotic coma, or
precoma, may have varying degrees of gastric stasis and ileus.
A stomach tube should be passed routinely and the gastric
contents aspirated so as to avoid the potentially fatal aspiration of
vomit by a semiconscious patient.
Oxygen therapy is necessary only in the more severely ill

patient if there is evidence of hypoxaemia.

HOUSE PHYSICIAN: This boy had severe keto-acidosis when he
came in and venous and arterial blood estimations showed an
arterial PO, of 77 mm Hg (normal 85-95 mm Hg) and an arterial
pH of 7-22 (normal 7 35-7 45). The venous blood sugar was
700 mg/100 ml and the plasma CO. combining power was
9 mEq/l. (Normal 22-28 mEq/l.)

STUDENT: You have already told us that the initial dose of
insulin should be about 100 units. How do you judge the second
dose and when should it be given?

DR. STOWERS: One takes a second sample of blood 1 hours
after the initial dose of soluble insulin and the second blood
sugar result, which should be available in 30 minutes, deter-
mines the second dose of soluble insulin. If the blood sugar has
risen the second dose of insulin is doubled; if the blood sugar is
the same, the same dose of insulin is given; if the blood sugar is
falling, yet is over 300 mg/100 ml, the second blood sugar
reading may be divided by ten and that amount of soluble
insulin is given.

HOUSE PHYSICIAN: This boy's second blood sugar was 500
mg/100 ml and we therefore gave him a further 50 units of
soluble insulin, one-fifth intravenously and four-fifths intra-
muscularly. The blood sugar level and other investigations were
repeated two hours after the second dose of soluble insuilin.

Loss of Cations

DR. PETRIE: We do not routinely measure other cations, such as
magnesium and calcium, although keto-acidosis leads to a
general loss of cations. The rate of fall of glucose and the serial
results of blood biochemistry determine when one starts giving a
cellular repair solution ("glucose-electrolyte") to prevent an
insulin-induced hypoglycaemia and to replace intracellular as
well as of extracellular ions.

DR. STOWERS: The cellular repair solution can be
tailored to the patient's needs and the doctor's requirements.
Our hospital pharmacy supplies a solution containing 5%
glucose, 30 mEq/l. potassium, 20 mEq/l. sodium, 45 mEq/l.
chloride, 10 mEq/l. phosphate, and 5 mEq/l. magnesium.
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STUDENT: How do you convert the patient to maintenance
insulin therapy once the acute episode of hyperglycaemia and
acidosis has been corrected?

DR. WOOD: The first thing to do is to treat any factor which
may have precipitated the acute episode of ketosis. If there is
clinical evidence of infection, it is justifiable to use the "best
guess" antibiotic in adequate dosage from the start after op-
propriate bacteriological specimens have been taken.

While the patient is receiving parenteral fluids a six or eight-
hourly sliding scale of soluble insulin dosages is constructed.

DR. STOWERS: Yes. This is common practice, but is poorly
understood. The sliding scale should embrace a wide range of
insulin dosage. It is based on urine testing (Clinitest-Ames)
using the colour scheme Blue-Green-Yellow-Orange
(0- >2%). Depending on the urine reaction, a dose of, say, 8, 12,
16, 24 units of soluble insulin is given (Table Ia.)

TABLE i-Sliding Scale-Direct Testing on Parenteral Therapy

Soluble Insulin Dose
Urine Clinitest Result (units)

a b

Orange > 2.% .24 30
Yellow 1%.16 20
Green i .12 16
Blue 00.8 10

(a) If urine test (Clinitest), yellow-16 units; blue-8 units, etc.
(b) If urine tests persistently orange and persistent ketonuria (Acetest + + + or

Ferric chloride +ve) the sliding scale is increased by about 2500. If urine Clinitest,
yellow-20 units; blue-10 units, etc.
The doses may be given thrice daily during the initial stages while the patient is

maintained on parenteral therapy.

STUDENT: How is this scale constructed ?

DR. STOWERS: It is just a guess. If the above scale was used for
giving insulin three times a day the dosage range would be 24-72
units a day. During that day random blood sugars are taken
to assess the control of hyperglycaemia and also to assess the
renal threshold for glucose. If high blood and urine sugars per-
sist, especially with ketonuria, the sliding scale should be in-
creased by about 25% to 10, 16, 20, 30 units thrice daily (Table
lb). This sliding scale is based on direct urine testing.

DR. PETRIE: It is preferable to use the ferric chloride test for
ketones rather than Acetest or Ketostix at this stage because it
is a less sensitive test and a positive result provides an urgent
indication to increase the dose of insulin.

Variable Sliding Scales

STUDENT: Do you use variable sliding scales ?

DR. PETRIE: During the initial 48-72 hours of therapy one gets
a fair indication of the daily insulin requirement of each patient
because of the amount of soluble insulin given according to the
fixed sliding scale. This boy needed between 72 and 80 units of
soluble insulin. Once the patient is eating and no longer re-
ceiving parenteral therapy the food intake throughout the day
will vary depending on the meal. At this time a variable sliding
scale may be introduced to cope with these differences in food
intake.

STUDENT: How is it derived?

DR. PETRIE: The dose is given as three-sixths before breakfast,
one-sixth before lunch, and two-sixths before tea on a sliding
scale (Table II).
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TABLE iI-Variable Sliding Scale-Direct Testing Oral Route Re-established
-Early Recovery Stage

Soluble Insulin
Dose (units) Daily

Urine Clinitest Result Range
B.B. B.L. B.T. (Units)

Orange.40 16 26 82
Yellow.3814 24 76

Green.36 12 24 72
Blue.34 10 22 66

If estimated daily requirement about 72-80 units/day, the scale is calculated as
fractions given 30 minutes before breakfast (B.B.) (3/6), before lunch (B.L.) (1/6),
before tea (B.T.) (2/6).

STUDENT: Why is only one-sixth given before the day's
biggest meal?

DR. STOWERS: The mid-day overlaps the morning dose, which
needs to be largest because in most diabetics there is a natural
diurnal rhythm of maximal hyperglycaemia in the morning.

DR. WOOD: The sliding scale is also useful at this time because
during the early recovery stages (after the patients have recently
been nauseated or vomiting) they are on a simple postketosis
semi-solid diet and the scale allows for variation in food intakes.

STUDENT: What is the point of such frequent testing in hos-
pital when the patient could probably be converted to a longer
acting once-a-day insulin?

DR. STOWERS: Well, firstly, this boy will probably be on such
frequent testing for only a short period in hospital. But the real
point is that these sliding scales of soluble insulin give closer
control of variations in urine and blood sugar more quickly than
would be possible with longer acting insulins. Secondly, frequent
testing does help to educate the new diabetic to understand
sliding scales, urine testing, and the use of his syringe while he
is particularly highly motivated. He will learn to inject himself
at different sites and perhaps even he may experience a "hypo"
while in hospital. He would then recognize this when outside
hospital and readjust his sliding scale or his diet.

DR. PETRIE: Not all doctors use sliding scales: some prefer to
instruct their patients to test their urine for glucose and ketones.
If ketones appear, as judged by a positive Acetest or Ketostix
test, the patient is asked to take an additional amount of insulin.
For example, patients who are on twice-daily soluble insulin on a
fixed dose, would increase each dose by about 8 units of soluble
insulin, at least on a temporary basis.

DR. STOWERS: Personally, 1 prefer the sliding scale system,
which I believe leads to a better understanding by the patient of
the control of his insulin therapy.

Sources of Confusion

DR. PETRIE: A source of confusion is the use of the terms "marks"
and also "40" and "80" strength insulins. The "marks" refer to
the standard insulin syringe (British Standard 1619), on which
there are 20 marks or divisions per ml.
One "mark" of "20" units/ml strength insulin is equivalent

to one unit of soluble insulin. One "mark" of "40" units/ml
strength insulin on a standard syringe is equivalent to two units
of insulin. One "mark" of "80" units/ml strength is equivalent
to four units of soluble insulin. So it is obvious that a patient
on large doses of insulin-say, 100 units daily-would use "80"
strength insulin to reduce the volume of the injection; he would
give himself 25 "marks" on the standard insulin syringe.

STUDENT: Don't some patients have low renal thresholds for
glucose? How do they adjust their urine testing?
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DR. STOWERS: If heavy glycosuria occurs at ranges of blood
sugar between 100 and 200 mg/100 ml it is impossible to assess
the blood sugar level satisfactorily within this range using
Clinitest tablet testing. If the sensitivity of the test is reduced by
using two instead of five drops of urine and 13 instead of 10
drops of water, then the Clinitest results reflect more reliably
the desirable range of blood sugar values.

sTUDENT: In a young person, such as this boy, is twice-daily
soluble insulin preferable to a longer-acting insulin for mainten-
ance therapy?

DR. STOWERS: Yes, one can get more precise control on twice-
daily soluble insulin managed by a sliding scale. This system is
more flexible for changes in daily routine and allows quicker
adjustment to changes in insulin requirement-for instance,
with stresses such as infections. I would suggest that this boy
should test his urine twice daily on a reverse testing basis.

Reverse testing involves testing the urine passed before break-
fast to judge the appropriate dose of that evening's injection
and the urine passed before tea to judge the next morning dose
(see Table III). This method avoids the swings of blood sugar
level that direct dieting would produce.

TABLE III-Sliding Scale-Reverse Testing Maintenance Therapy
Soluble Insulin
Dose (Units)

Urine Clinitest result
B.B. B.T.

Orange ...42 24
Yellow . .40 22
Green 38 20
Blue . . 36 18

The urine passed before breakfast-say, yellow (Clinitest)-determines that
evening's dose for example, 22 units.
The urine passed before tea-say, blue (Clinitest)-determines next morning's

dose for example, 36 units.

DR. PETRIE: One must always emphasize to patients that
insulin requirements are increased during infection.

HOUSE PHYSICIAN: This boy is now on a twice-daily sliding
scale of soluble insulin and will be discharged on a 1,900-calorie
diet. He is to be followed up at the diabetic clinic, shortly.
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Any Questions?

Cancer and Hashimoto's Thyroiditis

Is there a high incidence of carcinoma of the thyroid in
patients with Hashimoto's thyroiditis? Is total thyroidectomy
advised as a routine procedure?

Surveys of cases of Hashimoto's thyroiditis do not reveal any
definite increase in incidence of thyroid carcinoma.1 There is
a small but probably significant association of malignant
lymphoma of the thyroid and Hashimoto's thyroiditis. The
presence of clinical, histological, or serological evidence of
Hashimoto's thyroiditis does not rule out thyroid carcinoma.
Open exploration of the goitre is indicated in Hashimoto's
thyroiditis if the goitre is causing severe pressure effects;
the goitre is markedly asymmetrical; the goitre does not de-
crease or actually increases in size with full doses of thyroid
hormone; there is vocal cord palsy; or there are enlarged
cervical lymph nodes. Apart from vocal cord palsy all the
other features may occur in Hashimoto's thyroiditis.

Total thyroidectomy is never indicated in Hashimoto's
thyroiditis. In brief, total thyroidectomy is usually indicated
in -thyroidal carcinoma unless this is of the highly anaplastic
variety when radical therapy is not indicated.

1 Doniach, I., in Tumours of the Thyroid Gland, ed. D. Smithers.
Edinburgh, Livingstone, 1970.

Inheritance of High Cholesterol Levels

A patient of 34, whose father and two of his brothers had
died from coronary infarction, had a fatal coronary. His blood
cholesterol level was raised and two living brothers also have
high blood cholesterol levels. What are the chances of his
children (male and female) being similarly affected?

The condition present in this family is probably the familial
type of hyperbetalipoproteinaemia. This diagnosis could be

confirmed by detailed analysis of the blood lipoproteins. This
is a dominant condition and the risks of any child (male or
female) being similarly affected is one in two..

1 Slack, J., and Nevin, N. C., Yournal of Medical Genetics, 1968,
5, 4, 9.

Notes and Comments

Glandular Fever Treatment-Dr. G. WELLIAMS (Chesterfield)
writes: With reference to the answer to this question ("Any
Questions?" 10 June, p. 649), since reading in the B.M.7.1 of
the successful treatment of brucellosis with Septrin, I have
tried this drug in several cases of glandular fever in the 14-21
age group. Within a few days the patients have become
symptom-free and within two weeks the blood picture has
become normal and the glandular fever test negative. There
has been no renewed activity and the usual stage of lassitude
has not occurred.

OuR EXPERT replies: It is, of course, quite rational to treat
brucellosis with Septrin, as the organism is sensitive to the
drug. The same does not apply to the treatment of glandular
fever, which is almost certainly caused by a virus not sensi-
tive to trimethoprim sulphamethoxazole. All patients with
glandular fever eventually become symptom-free without drug
treatment, and it is not uncommon for this to occur within
two weeks. I would not agree that a period of lassitude is
any commoner in glandular fever than in any other infection.
How often is it caused by suggestion? There is no doubt
that the name "glandular fever" tends to cause despondency
in the patient.

1 British Medical Yournal, 1972, 2, 344.
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