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~5"ummary. The blood glucose was measured contin- 
uously for periods of up to twenty-nine hours in five pa- 
tients. The method,  which does not  require hepariniza- 
t ion of the patient ,  is described. --  Three unstable dia- 
betics were investigated. In  two, diabetic control was 
considerably improved as a result of al terations made to 
their  therapeut ic  regime following this investigation. The 
symptoms of the third diabetic pat ient  were due to com- 
plications of diabetes ra ther  than  to the disease itself. --  
The results in these three pat ients  are contrasted with 
those obtained in two aeromegMics (one of whom was 
also diabetic).  At tent ion  is drawn to the occurrence of 
fasting hyperglycaemia in the early hours of the morning 
in the bri t t le  diabetics and to the rap id i ty  with which the 
blood glucose rises. I t  is thought  tha t  growth hormone is 
not  directly responsible for this hyperglycaemia,  since 
marked insulin sensi t ivi ty is maintained.  

Contr6Ie continu de la glycdmie chez des diabdtiques in- 
stables 

Rgsumg. La gtycgmie a 6td mesur~e eontinuellement 
pendant  des p6riodes al lant  jusqu'& 29 h chez 5 maladcs. 
O~ d~crit la m6thode qui n 'exige pas l 'h6parini- 
savion du malade . - -  Trois diab6tiques instables ont ~t6 
6tudi6s. Chez deux d 'entre  eux l 'gquilibre diab~tique a 6t6 
consid6rablement am61iorg par  suite des modifications 
apport6cs g lcur r6gime th6rapeutique qui a suivi cette 
investigation. Los symptSmes du troisigme diab6tique 
gtaient d u s g  des complications du diabgte plutSt  qu 'au  
diab~te lui-m6me. --  Les r~sultats chez cos trois pat ients  
sont compar6s avec ccux obtenus ehez deux aeromdgales 
(dour l 'un 6tait  aussi diab6tique). On at t i re  l ' a t ten t ion  sur 
l ' appar i t ion de l 'hyperglyc6mie g jeun dans les premigrcs 

heures de la matin6e chez lea diab6tiques instables et sur 
la rapidit6 avee laqucllc la glyc6mie s'616ve. On pense que 
l 'hormone de eroissance n 'es t  pas directement responsable 
de cette hyperglyc6mie, puisqn'une sensibilit4 marqu6e ~ 
l ' insuline est maintenue.  

Dauermessung der Blutzuelcerspiegel bei labilen Dia- 
betilcern 

Zusammenfassung. Bei 5 Pat ienten wurden die Blur- 
zuckerspiegel fortlaufend tiber Zeitr/iume yon bis zu 29 
Std. best immt.  Die Mcthodik, die keine I-Ieparinisierung 
des Pat ientcn erforderlich maeht,  wird bcschrieben. Drei 
nicht  stabile Diahetiker  wurden untersueht.  Bei zwei Pa- 
t ienten besserte sieh die Diabetes-Einstel lung betr~cht- 
lich auf Grund yon ~nderungen in der Therapie, die auf 
Grund dieser Untersuchungsergebnisse vorgenommen 
wurden. Die Symptome des dr i t ten Diabetikers waren in 
erster Linie auf Diabeteskomplikat ionen und nieht  so 
sehr auf die Krankhei t  selbst zuriickzufiihrcn. Die Er- 
gehnissc bci diesen drei Pat ientcn werdcn mit  dcnen yon 
2 Akromegalen vergliehen, yon denen einer ebenfMls einen 
Diabetes aufwies. Es wird bcsonders auf das Vorkommen 
ciner Niichtern-Hyperglykgmie in den frtihen Morgen- 
stunden bei labilen Diabet ikern und auf die Gesehwindig- 
keit  des Blutzuckeranstieges hingewiesen. Es wird ange- 
nommen, dal3 das Waehstumshormon nicht  direkt  fiir 
diesen Blutzuekeranstieg verantwort l ich ist, da die In- 
sulinempfindlichkeit erhalten bleibt.  

Key-words: Continuous blood glucose analysis in vivo, 
bri t t le  diabetics, acromcgalics, effect of insulin, fasting 
hyperglycaemia.  

Some diabet ics  are no tor ious ly  difficult  to  cont ro l  
and  no single s t anda rd ized  regime is adequa t e  for the  
m a n a g e m e n t  of al l  pa t i en t s .  I n  some pa t ien t s ,  the  
i nab i l i t y  to  es tabl ish  a sa t i s fac to ry  the rapeu t i c  regime 
m a y  be due to  insufficient  knowledge  of the i r  bioche- 
mical  profile. Tests  no rma l ly  used  to  eva lua te  d iabe t ic  
control  m a y  be i nadequa t e  or mis leading  - -  for ex- 
ample  g lycosur ia  m a y  be due to a low renal  th resho ld  
for glucose, or a high fas t ing blood sugar  m a y  cause one 
to  d i s regard  the  poss ib i l i ty  of re la t ive  hypog ly e a e mia  
occuring dur ing  the  night .  A de ta i led  "b lood  sugar  pro-  
file" should  assist  in the  m a n a g e m e n t  of such pa t ien t s .  

This pape r  describes a m e t h o d  successfully used to  
mon i to r  b lood  glucose cont inuous ly  for up  to  twen ty -  
nine hours,  and  repor t s  the  resul ts  ob ta ined  in th ree  
d iabet ics  and  two acromegal ics .  

Methods 

Sampling. Blood  was sampled  cont inuous ly  and  the  
glucose concen t ra t ion  e s t ima ted  b y  an  au toana lyse r  
m o u n t e d  on a special  t ro l l ey  a t  the  bedside.  

A doub le - lumen  ca the te r  [11] was used  and  inser ted  
whenever  possible in to  a vein  on the  rad ia l  aspect  of 
the  forearm using Seldinger ' s  t echn ique  [9]. An  e x t r a  
line in the  mani fo ld  of the  au toana lyse r  p u m p e d  he- 
p a r i n  (10--50  u /ml  saline a t  0.096 ml /min)  in to  t he  
ou te r  lumen  of the  ca theter ,  the  inner  tube  of which 
was a t t a c h e d  d i rec t ly  to  the  sample  line on the  mani-  
fold. Through  this  line, hepar in ized  b lood was sampled  
a t  0.32 ml /min ;  ac tua l  b lood was, therefore,  with-  
d rawn a t  a r a t e  of 0.244 ml /min  or r a the r  less t h a n  
15 ml/h.  

Chemical Analysis 

Hill  and  Kess ler ' s  [3] glucose oxidase  m e t h o d  was 
used wi th  the  minor  modif ica t ions  p rev ious ly  descr ibed  
[10]. The mos t  i m p o r t a n t  of these was the  i n t roduc t ion  
of pulse suppression into  the  mixed  enzyme-dye  line 
before i t  me t  the  s t r eam emerging f rom the  diMyser.  
W i t h o u t  th is  suppression basel ine i n s t ab i l i t y  is too 
g rea t  for cont inuous  moni tor ing .  
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Standardization 
Standards were sampled through a catheter at  the 

start  and end of every experiment. For convenience a 
special "standards" catheter was used consisting es- 
sentially of a piece of plastic tubing attached to the 
solitary limb of a glass "h" piece. Heparin was infused 

standards approximately four hourly and adjust the 
baseline. Fig. 1 shows par t  of an actual recording, 
during which standards were sampled on two occasions 
and the baseline adjusted. Using the "standards" 
catheter for this purpose, it was not necessary to 
remove the double lumen catheter from the patient. 

Fig. 1. Part of an actual recording, illustrating standardization and recalibration 

into the side arm of the "h"  piece and allowed to mix 
with the standard before being aspirated through the 
remaining limb. Thus, no correction has to be made for 
the diluting effect of heparin when sampling blood. 
As a cheek at the end of the experiment standards are 
sampled with the actual double-lumen catheter used, 
in addition to the "standards" catheter. 

Accuracy. Details already published have illustrated 
the lack of baseline noise and the sensitivity and 
reproducability of the method [10]. I t  was possible to 
detect changes in glucose concentration of less than 
2 mg %, and if sampling was interrupted for even one 
second a recognizable deflection was produced in the 
recording. I t  should be stressed, however, that  care is 
required in assembling and maintaining the apparatus 
to ensure accuracy and sensitivity and tha t  slight 
baseline noise which may  be ignored during intermit- 
tent  sampling may  be unacceptable during continuous 
monitoring. 

With the apparatus used baseline drift has re- 
mained a problem despite adjustments to the manifold 
and care in assembling the autoanalyser. During 
prolonged experiments it was necessary to sample 

Case reports and results 

Patients. There were three diabetics and two 
acromegalies. 

Patient 1. Mr. S. aged 32 years. His diabetes had 
been difficult to control since diagnosis at the age of 
18 years, and latterly he had been admit ted to hospital 
three times for investigation of headaches and restabi- 
lization following severe hypoglycaemia. He was being 
treated variously with antidepressants, tranquillisers 
and ataractics. Continuing glycosuria as an out- 
patient  necessitated increasing insulin dosage. As 
an in-patient, very high blood sugars alternated with 
periods of hypoglycaemia. Prior to the investigation 
reported he had been tried on cortico-steroids for a 
short while. 

Patient 2. Mrs. F. aged 28 years, diabetic since the 
age of 8 years and always difficult to control, had 
latterly been on Lente insulin and phenformin. She 
was admitted for investigation of vomiting and general 
malaise which had interfered with her occupation as a 
nurse. As an inpatient her vomiting did not coincide 
with hypoglycaemie episodes, but she was found to 
have very variable blood sugar levels. 
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Patient  3. Mr. K. aged 56 years. Diabetic since the 
age of 42 years, he was admit ted for investigation of 
episodes of nocturnal diarrhoea and had evidence of 
neuropathy and probable early lipoatrophy. His blood 
sugar had been difficult to control despite various 
insulin regimes. 

Shortly after the observations reported he developed 
some ketosis with evidence of diabetic neuropathy and 
retinopathy. 

Patient  5. Mr. T. aged 28 years was an acromegalic 
with normal carbohydrate tolerance but a hyper- 
insulinaemic response to glucose infusion. 
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Fig. 2. Patient No. 1. Diabetic 
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Fig. 3. Patient No. 2. Diabetic 
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Patient  4. Mr. }I. aged 34 years was an acromegalic 
whose disease was active despite pi tui tary fossa 
irradiation some years before. His diabetes was severe, 
unresponsive to insulin, but controllable without insu- 
lin by  a rigid diet he was unable to keep to at home. 

Results and Treatment 

Blood glucose variations throughout the test period 
for each patient  are illustrated (Figs. 2--4,  the diabe- 
tics; 5 and 6 the aeromegalies). 
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With the timing, type and dose of insulin, the 
carbohydrate load and alterations in blood sugar 
shown in clear relationship to each other, it is possible 
to see how ~ suitable therapeutic regime could be 
devised for each patienT. Patients 1 and 2 showed 
great sensitivity to insulin and a very labile blood 

8.G. 
mgs. Mr.K. UNSTABLE DIABETIC 
% 

The results found in the diabetic acromegalic 
patient ~, are shown in Fig. 5. Though obviously 
diabetic with a high blood sugar and an excessive 
response to carbohydrates, there was no rise in his 
blood glucose while fasting: indeed it fell by  about 
50 mg~ over l l  h. 
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Fig. 4. Patient No. 3. Diabetic 

sugar. Subsequently they were adequately treated 
with three daily injections of soluble insulin, a small 
dose of P. Z. I .  being added to the midday dose to prevent 
an early morning rise in blood sugar. 

In  patient  3, though the effect of intravenous in- 
sulin wore off fairly rapidly, the changes in blood sugar 
were not so marked and occurred more slowly than in 
the other two. As a result of the investigation this 
patient  was stabilized on a single injection of Lente 
insulin. 

All three patients felt themselves considerably 
better  on their new regimes. Not surprisingly patient 3 
continued to have diarrhoea though he was kind 
enough to claim the attacks were less troublesome. 
Measurements of his blood sugar did not suggest that  
his diabetic control had been improved. Both the 
others, however, remained stable. At follow-up seven- 
teen months after the investigation, patient 1 claimed 
he had never felt better  and had lost no time from 
work because of his diabetes in the past year --  this had 
never happened to him before. Patient  2 also had had 
no time off due to illness and her health "has improved 
considerably". Both patients were free of their previous 
symptoms (headaches and depression in the ease of 
Mr. S., vomiting and malaise with Mrs. F.). 

Attention is drawn to ~he rising blood sugar seen 
in these patients while fasting. This is most marked in 
patient 2 who also shows extreme insulin sensitivity at 
this time. 
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Fig. 6 shows the observation made in another 
acromegalic, patient 5. The lower dotted tracing is on 
the Same scale as Figs. 2- -5 ;  the upper solid tracing is 
included to show details. This patient had no carbo- 
hydrate intolerance, and his results may  serve as a 
control. While fasting, his blood glucose fell by  about 
6 mg in 6 h. The Figure also shows the effect of in- 
halation of cigarette smoke (the patient was a non- 
smoker). 

Discussion 
Methods 

Considerable experience of continuous monitoring 
has been gained using the catheter previously described 
[11, 10] and the technique has been found relatively 
simple. The observations recorded here show tha t  it is 
possible to sample blood continuously for several hours 
without injecting heparin. Only one other group of 
workers have published results of monitoring blood 
glucose changes for more than a few hours and they 
found it necessary to heparinize their patients [5]. In  
metabolic investigations it would seem preferable not 
to inject heparin, which is known to affect lipid [1] and 
sodium [8] metabolism and has been found to affect 
insulin-like activity in  vitro [2]. 

This technique of continuous analysis offers several 
advantages. Since the result is recorded within seven 
minutes of sampling it allows one to adjust the insulin 
dosage to maintain the blood sugar within predeter, 
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mined limits. I t  is possible to see the exact onset and 
duration of action of any insulin injection. The re- 
lationship of the blood glucose to any symptom or sign 
(e. g. glycosuria) is obvious (Mrs. F, pat ient  No. 2, was 

in Mrs. F.) would have been missed with intermittent 
sampling, even as frequently as hourly. 

One drawback of the method is tha t  unsatisfactory 
sampling can of itself produce a deflection in the trace. 
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Fig. 6. Patient No. 5. Acromegalic with normal carbohydrate tolerance 
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found to have a previously unsuspected low renal 
threshold for glucose; the lability of her blood sugar 
levels had helped to obsure this). Finally, the short 
lived, though marked effect, of insulin (again best seen 

With experience it is possible to recognize several types 
of artefacts [10] (Fig. 7), and inspection of the appara- 
tus and catheters will show the existence of mechanical 
problems. 
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Results 

Though results on only three diabetic patients are 
reported certain conclusions can be drawn. 

The factors responsible for the rapid rise in fasting 
blood glucose are not clear. The effect of insulin is short 
lived in these patients compared with normals or diabe- 
tic aeromegalies. I t  is possible that insulin is degraded 

Fig. 7. Part of an actual recording 

Fasting hyperglycaemia is well recognized in dia- 
betics but the rapidity with which the blood glucose 
rose was surprising. In patient No. 2 the blood glucose 
spontaneously rose by 140 mg~o in 120 rain to 225 mg% 
and this rate of rise showed no tendency to slow down. 
In my experience even severe induced hypoglycaemia 
in normals does not lead to so prompt a rise in the 
blood glucose. Two units of insulin intravenously 
caused an immediate fall (from 225 mg~o to 125 mg~o 
within forty-five minutes) showing that  she was still 
very sensitive to insulin. However, the blood sugar 
started to rise again at this point, apparently as 
rapidly as before. In contrast, two severely diabetic, 
partially hyphophysectomized, aeromegalies showed a 
fall in their blood glucose of 45 mg% in 50 rain, after 
an injection of insulin (0.1 u/kg body weight), but the 
sugar then remained at this new level for up to three 
hours (unpublished observation). 

Obviously there is a very rapid release of glucose in- 
to the blood in some diabetics. I t  is unlikely that 
Growth Hormone itself causes this hyperglycaemia, 
since marked sensitivity to insulin is maintained. 
Oakley et al. [6] found in a group of diabetics a rise of 
fasting blood sugar of 76 mg~o over 2 h. Following 
pituitary ablation with 9~ they found a 
diminished rise in blood glucose over this period, the 
amount of diminution correlating well with impairment 
of pituitary function as shown by a diminished growth 
hormone response to insulin hypoglyeaemia. Quabbe 
et al. [7] found peak growth hormone release in the 
early morning in norma]s fasting and asleep. From the 
results reported here it would appear that any changes 
in growth hormone accompany rather than determine 
the changes in blood glucose. 

to illustrate recognizable artefacts 

more rapidly or that it is bound by circulating anti- 
bodies. Alternatively, an abnormal glueoneogenetie 
or glycogenolytie factor may be present. The work 
previously quoted [6] suggests that  the pituitary is 
involved and Lentle and Thomas [4] have shown ab- 
normal pituitary-adrenal function in diabetics. 
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