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How to do it
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Using insulin

ANJU VIRMANI

The discovery of insulin was a major advance in medicine.
However, even today, 75 years later, there is poor understanding
of the nuances of its use even among physicians. This is of
particular concern in India as a veritable epidemic of diabetes is
developing leading to an increasing need to use insulin on a short
term or life-long basis. Many diabetics are poorly controlled
because of the inability of physicians to devote enough time to
explain the intricacies of insulin use or due to a lack of infonna-
tion. Thus, there is a need to get well acquainted with this valuable
a~d life-saving drug in addition to realizing the importance of
diet, exercise, regular monitoring and consistency.

WHICH PATIENTS NEED INSUliN?
The most definite indication for the use of insulin is in patients
with insulin dependent diabetes mellitus (IDDM; Table I). Al-
most all diabetes beginning before the age of 15 years is insulin
dependent: over 99% of diabetics in northern India· and in 67%-
95~ of diabetics in eastern and southern India. In'such patients
(children and adolescents) one should not waste time trying oral
drugs. Patients who develop diabetes later and are ketosis prone
should be clinically considered IDDM. A subset of patients with
non-insulin dependent diabetes mellitus (NIDDM) in whom oral
hypoglycaemic agents may not be able to achieve good control
despite adequate precautions and exercises (called failure of oral

TABLEI. Indications of insulin use

I. Insulin dependent diabetes mellitus (IDDM)
Strong indicators of a diabetic being 'insulin dependent' are:
1. Age at onset of diabetes <15 years
2. History of unprovoked ketosis (i.e. without major stress)
3. Sudden onset of severe osmotic symptoms and weight loss

Weaker indicators include:
I. Age at onset <30 years
2. History of ketosis in a stressful situation
3. Failure of oral hypoglycaemic agents to act effectively in NIDDM,

despite adequate control of weight through diet and exercise

II. Non-insulin dependent diabetes mellitus (NIDDM)

Short term
1. Acute decompensation of diabetes (ketoacidosis, hyperosmolar

non-ketotic coma)
2. Pregnancy with diabetes requiring antidiabetic pharmacotherapy

(whether in an NIDDM woman likely to be pregnant, or a pregnant
woman diagnosed to have glucose intolerance)

3. Surgery (major enough to disrupt the dietary pattern)
4. Major infection/stress and blood glucose not controlled
Long term
1. Failure of oral hypoglycaemic agents: both primary and secondary
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Definitions
Insulin dependent diabetes mellitus (100M)
!~e ~atient's. sUr.:'ivaldep?nds on the provision of daily
I~Je~tlonso~ insulin. Classical symptoms (polyuria, poly-
dipsia, wastmg, stupor, coma) are associated with greatly
raised concentrations of glucose and ketone bodies in the
blood and urine.
Non-insulin dependent diabetes mellitus (NIOOM)
The patient's survival does not depend on the provision of
daily injections of insulin. However, several patients need
insulin for control of diabetes. Classical symptoms (polyuria
polydipsia, wasting, stupor, coma) may be present. Also:
the term 'NIDDM' is reserved for those not having pancre-
atic calcification or any other cause of secondary diabetes
and do not have gestational diabetes.
Gestational diabetes mellitus (GOM)
Diabetes mellitus detected for the first time in the current
pregnancy.

hypoglycaemic agents) may also need insulin. In NIDDM, insulin
may be used alone or in combination with oral drugs.

All these patients need insulin on a life-long basis. A number
of patients are apprehensive about starting insulin as they believe
that starting it will induce a further need for it: 'once on insulin,
always on insulin'. Therefore, it is important to tell the patient that
the need for insulin is due to the inability of the patient's insulin-
producing cells to produce adequate insulin.

There are many situations in which patients with NIDDM
require insulin for a short duration (few days to a few months).
Pregnancy with diabetes, whether gestational or pre-gestational,
when not adequately controlled with dietary alteration and exer-
cise, should be controlled with insulin. Patients with NIDDM who
have uncontrolled blood glucose levels during periods of stress
such as infections, acute injury or surgery also need insulin for a
short period. It is important to tell such patients that the need for
insulin is for a short duration only.

Secondary failure of oral hypoglycaemic agents
A diagnosis of 'secondary oral hypoglycaemic agent fail-
ure' is made only when a patient is taking the full dose of
a long-ac~ing sulphonyluria and has been following a
prudent diet and more or less regular exercise pattern.
One needs to observe the fasting blood glucose every 15
days for a minimum period of three months, preferably up
to 16 months. Only after 3-6 months a label of secondary
oral hypoglycaemic agent failure can be given to a patient.
In case the apparent failure is due to stress, it may be
reversible.
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WHEN TO START INSUUN?
Patients with the indications listed above need insulin either as
soon as possible, or as an emergency. Therefore, insulin should be
started immediately after the decision is taken. The diabetic
patient and/or family members must be taught how to load and
inject the drug, and the patient made to prick himself and take a
small dose to remove the first fear. Those apprehensive about the
pain that the injection would cause are surprised to find little pain,
if any, with a 290 needle. It also ensures that the diabetic (or the

TABLEII. Insulin preparations

Preparation
Onset Peak Duration

Insulin action

Short-acting (plain, regular)
Intermediate-acting

Lente
NPH (Isophane)

Mixed insulin
(pre-mixed plain and NPH)
Long-acting (ultralente)

0.5 5-71-3

2.5
1.5

7-15
4-12

18-24
18-24

One peak at 1-3 hours and another at
4-12 hours

4 24-3614-20

All figures are in hours In general, human sequence insulin acts for a shorter
time than animal insulin preparations

TABLEIII. Trade names of insulin available in India

187

parents, ifthe child is less than 6-8 years old) learns to self-inject,
rather than depend on health workers.

WHICH INSUUN PREPARATIONS ARE AVAILABLE?
A potentially confusing range of products are available in the
market, but the basic types are simple to understand (Table II).
The insulin may be of animal origin or human sequence. Depend-
ing on the duration of action, it may be short-acting ('plain',
'regular', clear in appearance), intermediate-acting ('lente' or
'NPH', cloudy in appearance), or long-acting ('ultralente', cloudy:
recently introduced in India). In addition, mixtures of regular and
NPH insulin in different proportions are also available in India.
The trade names are listed in Table 1lI.

WHICH INSUUN SHOULD BE USED?
Species
This depends on the clinical situation. If the insulin is needed for
a few weeks or months (pregnancy, stress), 'human' insulin must
be used. This minimizes the chances of insulin allergy. Ifneeded
life-long, the decision is based more on economics as the anti-
genicity is not critical. Human insulin should be advised only if
the patient can afford the expense over the years. For those already
on animal insulin, a change to human insulin is necessary only if

I. Short-acting (plain)
Purified bovine
Purified porcine

Purified bovine and porcine mixed
Human

II. Intermediate-acting
Lente
Purified bovine
Purified porcine

Purified bovine and porcine mixed
Human

NPH (lsophane)
Purified bovine
Purified porcine
Purified bovine and porcine mixed
Human

Plain/regular/neutral (Boots Magnus)
Actrapid (Novo Nordisk-Boots Magnus)
Rapidica (Sarabhai)
lletin (Eli Lilly Ranbaxy)
Human-Actrapid penfill (Novo Nordisk-Boots Magnus)
Human Rapidica (Sarabhai)
Huminsulin R (Regular) (Eli Lilly Ranbaxy)
Insuman rapid (Hoechst)

Lente (Boots Magnus)
Monotard (Novo Nordisk-Boots Magnus)
Zinulin (Sarabhai)
Hetin (Eli Lilly Ranbaxy)
Human Monotard (Novo Nordisk-Boots Magnus)
Human Zinulin (Sarabhai)
Huminsulin L (Lente) (Eli Lilly Ranbaxy)

NPHlIsophane (Boots Magnus)
Insulatard (Novo Nordisk-Boots Magnus)
Iletin (Eli Lilly Ranbaxy)
Human-Insulatard Penfill (Novo Nordisk-Boots Magnus)
Huminsulin N (NPH) (Eli Lilly Ranbaxy)
Insuman Basal (Hoechst)

III. Mixed insulin (pre-mixed plain and NPH)
Purified porcine Mixtard (30:70) (Novo Nordisk-Boots Magnus)

Rapimix (30:70)
Iletin (Eli Lilly Ranbaxy)
Human Mixtard (30:70), Mixtard Penfill 30:70, 50:50 (Novo Nordisk-Boots Magnus)
Huminsulin 10/90,20/80,40/60, 30nO, 50/50 (Eli Lilly Ranbaxy)
Insuman 25n5, 50/50 (Hoechst)

Purified bovine and porcine mixed
Human

IV. Long-acting
U1tralente
Human

Protamine zinc insulin (PZI)
Purified bovine

Huminsulin U (U1tralente) (Eli Lilly Ranbaxy)
Ultratard (Novo Nordisk-Boots Magnus)

PZI (Boots-Magnus)
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TABLEIV. Indications for use of human sequence insulin

I. All situations where insulin is needed for short term use (e.g.
pregnancy, surgery, infection)

2. Allergy to animal insulin(s) (very rare)
3. Other reactions to animal insulin (lipo-atrophy/dystrophy in spite of

adequate site rotation)
4. Any patient who can afford human insulin therapy for the rest of her/

his life

insulin allergy occurs, which is rare. The indications for use of
human sequence insulin are listed in Table IV. More often, the
insulin species is changed because the blood glucose is not well
controlled. This is illogical and would not give better results than
educating the patient to improve injection skills and monitoring.

Insulin preparations
Patients with NIDDM often do well initially with 1 to 2 injections
of intermediate-acting or pre-mixed insulin. Several patients with
NIDDM and all those with IDDM need to mix regular and NPHI
lente insulin and take it twice daily. If the target of treatment is
normalization of blood glucose, or nearly so (e.g. all diabetics
planning pregnancy, several patients with gestational diabetes
and after renal transplant), plain insulin before each meal and
NPHilente at night are usually required.

HOW MUCH INSULIN AND WHEN?
A subcutaneous injection of plain (short-acting) insulin should be
taken 20-40 minutes before a meal.

Long term need
In patients with IDDM the daily insulin requirements may be
0.7-1.0 unit per kg body-weight. The starting dose is usually half
the maximal physiological dose. The total daily dose could be
split as follows: two-thirds of the proposed daily dose before
breakfast (BfBF), and one-third before dinner (BID). Initially,
each dose could be a mix of two-thirds of intermediate-acting and
one-third of short-acting insulin. For example, a 30 kg male may
begin with a total of 18 units; 12 BfBF and 6 BID. This could be
taken as a mix of 4 units regular and 8 units lente BfBF, and 2 units
regular and 4 units lente BID (this is called the split-mix regimen).

Diabetic women planning a pregnancy or those who are
pregnant need tighter control. In them, the above split-mix regi-
men is not good enough. They need a more intensive regimen, e.g.
regular insulin before each meal, i.e. BfBF, before lunch (BIL),
and BID, with lentelNPH at bedtime (4 shots per day), or regular
BfBF and BIL and a mixture BID (3 shots per day).

Several patients of NIDDM who are not well controlled on a
full dose of oral drugs despite dietary precautions and exercises
may be given a small dose of insulin at bedtime while the full dose
of oral drugs may continue. This dose is gradually increased. If
their total daily dose exceeds 20 units, a single injection is rarely
enough. In such patients 2 injections per day (split-mix) would be
required.

Short term need
Patients with uncontrolled NIDDM requiring to be treated only
with insulin can be started on insulin in the same way as patients
with IDDM. Pre-mixed insulins are more suitable for use in
NIDDM patients than in IDDM. At times, a small dose of pre-
mixed insulin BfBF or BID, or an intermediate-acting insulin in
the morning or at bedtime without oral drugs may suffice.
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If the blood glucose needs to be controlled quickly (within a
few hours) as in patients being prepared for emergency surgery,
or those with ketoacidosis, an infusion of normal saline (half of
the total fluid loss) and insulin (at the rate of 0.01 unitslkglhour)
is preferred till the blood glucose falls to 250 mg/dl or less. There-
after, a glucose-insulin-potassium (GIK) infusion may be conti-
nued to maintain the blood glucose at 150-200 mg/dl. Six or more
units of regular (short-acting) insulin and 10 mEq of potassium
chloride may be added to each 500 ml of 5% dextrose or dextrose
(5%) in saline (0.9%). If the blood glucose is not in the target range
the proportion of insulin may be increased or decreased as
required. The dextrose (plain or with saline) has to be continued
for 30 minutes after a full meal. Frequent monitoring of the blood
glucose is essential during this period, particularly during and
immediately after surgery.

ADJUSTING THE DOSE OF INSULIN
The absolute necessity for regular monitoring of the blood glu-
cose in a patient of diabetes taking drugs cannot be overempha-
sized. Patients with NIDDM on small doses «20 units per day) of
insulin may be monitored in the outpatient department with
fasting and post-prandial blood glucose every 15 days. However,
any patient requiring two injections of insulin per day should
monitor blood glucose at home (Self home blood glucose moni-
toring, SHBGM). Without SHBGM, logical changes in the dose
of insulin are not possible. (The rules of insulin dose adjustments
are given in Tables V and VI.) One should not attempt to achieve
good round-the-clock metabolic control, guided only by occa-
sional fasting and post-prandial blood glucose levels, especially
in patients on large doses of insulin. Perhaps one can paraphrase

TABLEV. Rules for changing insulin doses

I. Establish a pattern of blood glucose (by doing a profile for two days)
before taking any decision to change the dose. The pattern is
determined by monitoring blood glucose before breakfast, before
lunch, before dinner and after dinner. This can be done by monitoring
one to two tests every day provided the time of monitoring keeps
changing. Blood glucose should be measured at 3 a.m. once-a-month
to determine night-time hypoglycaemia.

2. Earliest abnormal blood glucose of the day has to be controlled first;
i.e. if the morning fasting is under control then the post-breakfast
would automatically be better, and so on.

3. To control blood glucose of a particular time, that dose of insulin
needs adjustment which is peaking at that specific time (Table VI).

4. Try to establish whether it is excess dose or inadequate dose that is
responsible for a high blood glucose [both, low and high (reactive)
blood glucose can be caused by an excessive dose of insulin, in
addition to causing excess appetite and dietary irregularities]. This
can be established by several means (Table Vll).

5. Do not change too many things at a time.
6. Each change in the insulin dose should be modest (about 10%-20%

increase or 20%-40% decrease at a time; minimum change of 1 unit).
7. Once a change in schedule is made the next change is brought about

after establishing the fresh pattern of blood glucose levels. This
usually means a minimum of two to three days' profile before any
fresh changes are made.

8. It needs to be emphasized that the initial requirements of insulin may
be high and as the blood glucose gets controlled the requirements may
decrease. This is because the cause of initial hyperglycaernia may get
controlled; also, control of hyperglycaemia improves the efficiency of
insulin.

9. Ensure the minimum possible dose to attain the target. Remember that
it is not the total dose of insulin which matters as much as its
administration pattern resembling the natural secretion.
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TABLEVI. Blood glucose determined by specific insulin doses

Blood glucose time Determined by

Before breakfast Intermediate/long-acting insulin taken the night
before

Short-acting insulin taken before breakfast
Intermediate/long-acting insulin taken before

breakfast
Short-acting insulin taken before dinner

Before lunch
Before dinner

After dinner

a common saying as: 'If you think you cannot afford SHBGM, try
poor metabolic control (with all its complications)!' Home moni-
toring is not impractical in our country. In 1995, an analysis of
patients of IDDM coming to the All India Institute of Medical
Sciences Young Diabetes Clinic showed that with ongoing moti-
vation and cost-cutting techniques, 62% were monitoring blood
glucose at home and 22% urine glucose, with varying degrees of
regularity. There was a near linear relationship between the
degree of monitoring and glycaemic control.

HOW TO ADMINISTER INSUUN?
Insulin is best administered with a single needle-syringe unit.
Alternatively, insulin pens can be used as they are convenient,
particularly for those on intensive regimens. However, they are
more expensive, and not appropriate for everyone. Confirm that
the syringe scale matches the insulin concentration, i.e. U40
insulin is used with U40 syringe, and UlOO insulin with UlOO
syringe. Several companies marketing insulin have produced
excellent pamphlets showing how it is to be loaded. These can be
given to nursing staff and patients to reinforce a demonstration.

In addition, it is important to carefully explain and demonstrate
to the patient and family and make sure that the patient under-
stands that:

1. Insulin should be stored in the butter compartment of the
refrigerator, never in the freezer. In case there is no refrigerator,
the insulin can be kept in a steel/plastic box which could be
kept floating in a pitcher (matka) half filled with water and kept
in an airy space. Insulin is a brittle peptide and deteriorates if
exposed to excessive summer heat.

2. Since cloudy insulins are suspensions, these should be rolled
gently (to re-suspend the particles) between the palms before
loading the syringe.

3. Air equal to the dose of insulin must be injected into the vial
before loading insulin, else a vacuum develops in the vial and
errors in doses can result.

4. When mixing insulin, clear insulin should always be taken
first. Care should be taken that cloudy insulin does not go into
the vial of clear insulin. If this sequence of filling is not follow-
ed, a small dose of lente insulin may enter the vial of plain
insulin. This may turn the short-acting insulin into intermediate-
acting (and turbid) with erratic pharmacodynamics. If the clear
insulin turns cloudy, it should be discarded.

5. The injection should be given subcutaneously, at an angle of
45"-90°, after raising a fold of skin.
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TABLEVII. Indicators of hypoglycaemia

Adrenergic symptoms
Sweating Palpitations
Headache Blurred vision

Neuro- glucopaenic symptoms
Lassitude Sleepiness
Automatism Convulsions
Coma
Subtle indicators of hypoglycaemia
Night sweats Nightmares Morning grogginesslheadache
Early morning ketonuria without glycosuria
Irresistible excessive hunger (non-compliance with diet)
Undue weight gain

Nervousness
Tremulousness

Lack of attentiveness
Neurological deficits

At times the only way to recognize night time hypoglycaemia is to do blood glucose
estimation at night (2-3 a.m.)

The best sites are the abdomen and the anterior aspect of the
thighs; preferably abdomen in the morning and thigh in the
evening. Occasionally, for convenience, the arms can be used.
The exact spot for the injection should be changed everyday. Each
day the injection could be given about one inch away from the
previous one.

While teaching, the treating team must confirm that the in-
structions have been understood. Moreover, all information must
be reinforced periodically, as mistakes often ruin control. As far
as possible, injection sites and technique, insulin handling, and
monitoring technique should be checked annually. The adequacy
of metabolic control should be confirmed with periodic (2-4
times per year) estimation of glycosylated haemoglobin.

Ignorance can be costly. Recently, it was demonstrated that of
79 diabetics who had been taught self-care skills by non-
diabetologists, 63% were injecting intradermally; 27% were
using the wrong sequence in mixing insulin; 22% using wrong
sites (e.g. forearm, calf). Moreover, 21% were using mismatched
syringe scales and insulin concentrations, with over half making
major dose errors as a result. We often find that even patients on
regular follow up make errors after some time, as various aspects
are forgotten or taken for granted.

SIDE-EFFECTS
The single major side-effect is hypoglycaemia. If it is suspected
(Table VII), the blood glucose should be tested immediately (with
a test-strip). With increasing severity of hypoglycaemia regular
food, something sweet, oral glucose, and then injection glucagon
(by relatives) is the progressive sequence of management of the
patients. Intravenous glucose should be given only by the medical
staff. Home management of this emergency has to be taught and
reinforced often.

Locallipohypertrophy and lipo-atrophy are common if injec-
tions are given into the same place repeatedly, more so with
animal insulin preparations.

Insulin allergy is extremely rare; local itching and pain some-
times occur, especially if the spirit used to clean the site of
injection has not dried fully prior to injection.


