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CLINICAL RESEARCH

Brittle diabetes: long-term control with a portable,
continuous, intravenous insulin infusion system

JOHN BAYLISS

Abstract

A young woman had severe brittle diabetes mellitus that
was critically unmanageable with all conventional
insulin treatment. Continuous subcutaneous and intra-
muscular infusions of insulin also failed to control her
metabolic instability. Use of a continuous intravenous
infusion, however, whereby a portable, variable-
rate, battery-operated syringe pump delivered insulin
through a subcutaneously tunnelled central venous
catheter, resulted in good control. When she was
receiving hourly intramuscular insulin injections
(a mean of 778 IU daily) mean blood glucose concen-
trations had been 22-1-X1 4 mmol/l (398X25 mg/
100 p.l). After she had received the intravenous infusion
for one month as an outpatient mean blood glucose
concentration was 82±046 mmol/l (148 8 mg/100 1d)
and only 80 IU insulin daily was required.
Follow-up after over five months of use showed that

few complications had occurred. The system is simple to
use and safe, and the diabetes had been stabilised such
that she could enjoy a near-normal life style.

Introduction

In recent years techniques of continuous insulirn infusion have
been developed in an attempt to provide more physiological
metabolic homeostasis in diabetes mellitus ir the hope that this
will reduce later complications.' ? Subcutaneous insulin infusion
achieves excellent metabolic control in stabit diabetes,3-7 but
patients with "brittle" diabetes remain uncontrolled.8 It is this
small group of patients, whose lives are so totally disrupted by
the chaotic nature of their disease. who wouid benefit most from
good diabetic control, intramuscular insulin infusion may
provide better control in such cases.8 The diabetic instability
and resistance to insulin in many of these patients is probably

Hillingdon Hospital, Uxbridge, Middlesex

JOHN BAYLISS, MA, MRCP, medical registrar

due to a combination of excessive local degradation of insulin
and irregular absorption from the subcutaneous site. 9-"1 I report
on a patient with severely brittle diabetes, uncontrolled by
subcutaneous and intramuscular insulin infusion, who responded
to long-term intravenous insulin infusion given via a portable,
variable-rate system, which allowed her to return to a near-
normal life style.

Case report

The patient developed insulin-dependent diabetes subacutely in
1974 when aged 15. Twice-dailv subcutaneous injections of soluble
insulin and a diabetic diet were started, and her condition remained
well controlled for one year but then she suddenly developed severe
ketoacidotic coma after omitting only three insulin doses. Subse-
quently she required over 70 emergency admissions, usually because
of ketoacidosis but also several times because of profound hypo-
glycaemia. She was unable to continue full-time education, and her
life revolved entirely around the management of her diabetes.

Varying the dosages, types, and timing of her insulins with
impeccable dietary control, guar gum, and high-fibre diets failed to
improve control. Subcutaneous insulin infusion failed to lessen the
rapid fluctuations in blood glucose concentrations, so intramuscular
infusion was attempted. Although a little more effective, this tech-
nique failed technically because of repeated blockage and dislodge-
ment of the cannula. In early 1981 she required hourly intramuscular
injections, often totalling over 1000 IU insulin daily. but her blood
glucose concentration rarely fell below 15 mmol/I (270 mg/ 100 ml` and
she repeatedly developed ketoacidotic coma. Her injection sites were
becoming increasingly fibrotic but not lipodystrophic.
There was no evidence tc suggest any emotional or other psycho-

logical cause for the brittleness of her diabetes, so further investiga-
tions were performed in an attempt to elucidate the nature of her
insulin resistance.
Serum free insulin concentration was measured by radioimmuno-

assay"2: two hours after an intramuscular injection of 100 Il; rapid-
acting, purified pork insulin 'Leo Neutral, Nordisk Ltd) the serum
free insulin concentration was very low at 15 0 pmol/l (2 1 mU/l) and
the blood glucose concentration 22 8 mmol/l (410 mg/100 ml,. The
following day, when her condition had been stabilised with an
intravenous insulin infusion (2 IU/h), the serum free insulin concen-
tration was 37-3 pmol/1 (5-2 mU/1l, and the blood glucose concentration
9 3 mmol/l (167 mg/100 ml'. These figures show considerable failure
of absorption of insulin from her muscle. Measurement of insulin
binding for beef and pork antibodies was performed by incubation
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with radiolabelled insulinl3: during intravenous infusion of purified
pork insulin there was 19 50% binding of beef insulin and 9 50'
binding of pork insulin. These results, which are within the normal
range and had not increased over the preceding four years, suggest
that there was no excessive neutralisation of insulin. Counter-
regulatory hormones were assayed during a fairly "unstable" day:
concentrations of growth hormone, cortisol, glucagon, somatostatin,
vasoactive intestinal peptide, gastrin, and pancreatic polypeptide were
all normal, suggesting that insulin antagonism played no part in the
brittleness of her diabetes.

Because she had been admitted so many times in coma requiring
intravenous treatment all peripheral venous access was lost and
repeated central venous cannulation became increasingly difficult. It
was therefore decided that a system should be implanted for long-
term intravenous insulin infusion to control her diabetes.

METHOD

A Silastic Hickman catheter (Schuco Ltd, London) was inserted
under local anaesthesia via the right subclavian vein into the right
atrium,'4 the position being checked by image intensifier. The distal
end of the catheter was tunnelled subcutaneously down the anterior
chest wall, emerging at the level of and midway between the nipples.
The infraclavicular wound was then closed over the catheter. A
Dacron cuff on the catheter lies within the subcutaneous tunnel
inciting fibrosis to enhance fixation of the catheter and to act as an
infection barrier. Insulin is delivered through this catheter con-
tinuously from a 10 ml syringe driven by a variable-rate, battcry-
operated, small portable infusion pump (Pye Model MS 16). The
syringe contains 100 IU purified pork insulin (Leo Neutral) diluted
in physiological saline, with 100 IU heparin added to prevent blockage
of the catheter and to reduce the risk of sepsis.'5 One syringe usually
suffices for a 24-hour period. The distal exit site on the chest wall was
cleaned daily with povidine-iodine ointment (Betadine) and covered
with gauze until complete healing had occurred (about one month).
The syringe may be connected to the catheter with a Luer locking
extension tube for greater mobility. It is advisable to use only Luer
locking connections, including a Luer locking syringe to avoid
accidental disconnection.
The patient checked her capillary blood glucose concentration

every two to four hours, using Dextrostix reagent strips (Ames Ltd,
Bucks) and reading the result on a calibrated reflectance meter
(Hypocount, Hypoguard Ltd, Suffolk). She adjusted the infusion rate
empirically, according to her blood glucose concentration, level of
activity, and food intake; the basal rate of infusion was usually 2 IU/h
at night and 4-6 IU/h by day, the rate being increased to 10-20 IU/h
for two or three hours to cover meals (fig 1).
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RESULTS

The mean blood glucose concentration over a typical four-day
period when she was receiving hourly intramuscular injections had
been 22-1 SEM 1-4 mmol/l (398 25 mg/100 ,ul) and the mean daily
dose of insulin 778 IU. During the first four days of the intravenous
regimen the mean blood glucose concentration fell to 8 8 0 95
mmol/l (158 17 mg/100 1l) and the daily dose of insulin to 88 IU.
After one month at home mean blood glucose concentration over a
typical four days was 8-2 0-46 mmol/l (148 8 mg/100 pi) and daily
insulin dose 80 IU (fig 2).
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FIG 2-Blood glucose profiles during hourly intramuscular injections and
continuous intravenous infusion of insulin.

Conversion: SI to traditional uinits-Blood glucose: 1 mmol/l1 18 mg/
100 ml.

After seven months of use the system was still operating successfully
and no wound infections or thrombotic complications had occurred.
A pinpoint leak that had developed at the distal end of the catheter
had been repaired with ease, under sterile conditions, using a special
repair kit supplied by the manufacturers. Accidental disconnection of
the syringe from the catheter had occurred once while the patient was
asleep and had resulted in a staphylococcal bacteraemia; this had been
readily cleared with intravenous cefuroxime for 10 days, with no
recurrence of infection and without removal of the catheter. A Luer
locking syringe was subsequently used to prevent such disconnections.

She found the system simple to use, easy to care for, and only
minimally obtrusive under her clothing. Despite the frequent sampling
of capillary blood there was no scarring of the fingertips and no loss
of fine finger sensation. For the first time in many years she felt
extremely well and was leading a normal active life.
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FIG 1-Rate of infusion of intravenous insulin and blood glucose
profile during typical 24-hour period at home.

Conversion: SI to traditional units-Blood glucose: I mmol/l
18 mg/l00 ml.

Discussion

Several reports have linked excessive insulin requirements to
abnormal degradation of insulin at the subcutaneous injection
site, which usually responds readily to intravenous insulin," 16 17

but resistance to intramuscular absorption is rare. In this
patient the prolonged excessive use of muscle injection sites may
have further reduced muscle absorption. Although using
aprotinin may improve insulin absorption in this condition,"
diabetic control remains rather unstable.

Subcutaneously tunnelled right atrial catheters have been
used successfully for long-term intravenous feeding, are simple
to insert, and are fairly safe to use, even outside hospital.'8
Complications such as occlusion of the catheter, infection of
the exit site, and accidental disconnection are avoidable if
adequate care is taken; leakage is easily repairable. Catheter-
related septicaemia is rare, occurring once in every 5-5 patient
years in one series,'8 and may often be treated without removal
of the catheter. The system is small, easy to use, and acceptable
to the patient. The use of a computer program to help select
appropriate rates of infusion is being studied.

It is intended that this patient should continue with this
system for at least one year to allow her injection sites to recover
and in the hope that after this prolonged period in near-normal
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metabolic balance subsequent diabetic management in more
conventional forms will be more successful.

Brittle diabetes is remarkable difficult to manage and totally
disrupts the life of the patient. Long-term continuous intra-
venous infusion of insulin using a small portable system allows
acceptable metabolic control to be achieved when other methods
have failed.

I thank the patient for her cheerful co-operation, the nursing staff
of Pinewood Ward for their enthusiastic help; Miss J R Tomlinson
for her secretarial help; Dr Kurtz of the Cobbold Laboratories,
Middlesex Hospital, for measuring free insulin concentration and
insulin binding; Miss A Mansfield for inserting the catheter; and
Dr G P Blanshard for allowing me to report on his patient.
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Variation in response to cytotoxicity of cigarette smoke
J M HOPKIN, V S TOMLINSON, R M JENKINTS

Abstract

The cytotoxic effect of cigarette smoke condensate on
human polymorphs was investigated in vitro by the
method of vital dye exclusion. Exposure to 1/800 of the
smoke from one high-tar cigarette killed a detectable
proportion of a population of 106 cells. The response
among the cells from 40 healthy people varied widely,
the percentage of dead cells ranging from 3% to 66% and
from 17% to 87% at exposure levels of 125 stg and 250 tg
cigarette smoke condensate respectively. Differences in
individuals' responses were reproducible and unrelated
to age or sex or smoking habit. The cells from 10 patients
with irreversible obstructive airways disease and prob-
able emphysema were significantly more sensitive than
those from 10 patients with no respiratory disability
matched for age and smoking habits.

Genetically influenced variation in cellular response to
cytotoxicity may be an important determinant of the
risk of developing emphysema among smokers.

Department of Medicine, University of Birmingham, Queen
Elizabeth Hospital, Birmingham

J M HOPKIN, MD, lecturer in medicine
V S TOMLINSON, BSC, technician
R M JENKINS, MRCP, medical registrar

Introduction

Cigarette smoke is the dominant factor in producing lung cancer
and emphysema, but many heavy cigarette smokers escape
either or both these fates, which suggests that other factors
influence outcome after prolonged smoking.
We have shown that individuals vary in their in-vitro cellular

responses to DNA damage induced by cigarette smoke, as
detected by sister chromatid exchanges.' We have also shown
that among smokers this variation in response is related to the
risk of developing lung cancer.' These findings are in keeping
with the somatic mutational theory of malignant transformation.
We report here an investigation into the cytotoxicity of cigarette
smoke for human polymorphs to determine whether there was
any variation in response and whether this was related to the
risk of developing emphysema.

Methods

Using an automatic smoking machine2 we produced cigarette smoke
condensates from three popular brands of British cigarettes, one with
a high-tar content, one with a middle-tar content, and one with a low-
tar content. Each condensate was dissolved in dimethyl sulphoxide
(DMSO) at a series of dilutions and stored at -20°C before use.
Polymorphs were separated from freshly defibrinated venous blood by
sedimentation over Hypaque-Ficoll3 and after washing were suspended
in samples of 106 cells in 1 ml of Ringer's solution. Samples of 106
cells were exposed to 5 [ul of DMSO alone and a series of doses of
cigarette smoke condensate each dissolved in 5 [1 of DMSO.
After one hour's incubation at 37°C, when no cell lysis had occurred,
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