Diabetologia 14, 223-227 (1978)

Originals

Diabetologia

© by Springer-Verlag 1978

Sustained Insulin-Induced Remissions of Juvenile Diabetes by Means
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Summary. Remission of diabetes was attempted in 12
recent acute onset ketosis-prone juvenile diabetes
after short term (5 = 1 days) but excellent blood
glucose control by the external artificial beta-cell.
The comparison group comprised patients undergo-
ing traditional treatment (n = 28). Nine (75%) per-
sistent (over 3—14 months of duration) although par-
tial (oral drugs required) remissions were obtained in
the former group as compared to 3 (11%) in the
latter group (p < 0.05). Cases which showed remis-
sions after insulin infusion had a plasma insulin
response to I'V glucagon still present before insulin
infusion, and a daily urinary C-peptide excretion sig-
nificantly enhanced after (p < 0.01). Urinary C-pep-
tide/blood glucose remained improved during the
remission period. Thus, early effective treatment by
means of the artificial pancreas may break the vicious
circle hyperglycaemia-insulin depletion-hypergly-
caemia and lead to frequent and sustained remissions
of juvenile diabetes.

Key words: Continuous blood glucose monitoring,
artificial beta cell, juvenile diabetes, remission of
diabetes, C-peptide.

Juvenile diabetics are generally insulin dependent.
With acute onset, the presence of ketosis classically
indicates severe insulin deficiency. Remissions have
been noted in the early stage of the disease and seem
to be related to early and effective blood glucose
control [1, 2, 3, 4, 5]. However, discontinuation of
insulin therapy is rarely possible and the remissions
are partial and of short duration [3, 4, 6].

Venous automated continuous insulin infusion
assessed by the external artificial beta cell is now the

best method of constant blood glucose control [7, 8].
For this reason, the induction of a remission period
was attempted using this type of treatment in cases of
recent acute onset juvenile diabetics with severe
insulin deficiency. A conventionally treated group
was used for comparison.

Patients and Methods

Patients

Forty non obese acute onset juvenile diabetics were
studied (age 17.8 + 1.2 years, duration of diabetes
41.6 = 6.9 days). Strict insulin dependency was con-
firmed by sustained high blood glucose (mean fasting
values measured at 7 a. m., 12, 6 p. m., 0, 4 a. m. :
332 £ 16 mg/100 ml, mean post absorptive values
measured 90 min after the main mealsi. e. at 9a. m.,
2 p. m., 8 p. m. : 389 & 16 mg/100 ml) and ketonuria
under strict dietary conditions ( 213 + 6 g carbohy-
drate/24 h) and oral hypoglycaemic agents (gliben-
clamide, 15 mg/24 h, metformin, 1700 mg/24 h) in
the absence of any additional drugs and diabetogenic
factors. Patients were allocated to one of two treat-
ment groups (Table 1):

Patients of group A (n = 12) received a 24 h
continuous Actrapid insulin (Novo, 40 units per ml)
infusion by means of an external artificial beta-cell
[8]. Continuous blood glucose measurement was
achieved by a modified glucose oxidase method
(G.O.D.-P. A.P.Boehringer). Effective blood glu-
cose control was obtained, the values varying from 60
mg/100 ml in the fasting state to 150 mg/100 ml in
the post-absorptive state. Then oral treatment was
given again for 2-3 days and changed to SC insulin
therapy (N° 3, 4) if net relapse of diabetes occurred,
maintained (N° 1, 2) if there was net improvement of
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diabetes, — or changed again, if there was only slight
improvement, to other 12-24 h periods of insulin
infusion as long as gradual improvement of diabetes
was noted after each period.

Patients of group B were conventionally treated
by three daily Actrapid and Semi-lente (Novo 40
units per ml) SC insulin injections during 8 + 2 con-
tinuous days. Mean daily insulin administered was
significantly lower than in patients of group A
(p<0.01). Discontinuous blood glucose measure-
ments (glucose oxidase method) showed poorer
diabetic control.

Methods

Clinical remission was defined, after the initial ve-
nous (group A) or subcutaneous (group B) insulin
therapy, when good (aglycosuria, fasting blood glu-
cose < 120 mg/100 ml, post absorptive blood glucose
< 200 mg/100 ml) and long duration (= 3 months)
diabetes control was obtained by both the same diet
and the same oral hypoglycaemic agents which were
previously ineffective.

Beta cell function was evaluated in patients of
group A: 1 mg glucagon (Novo) was injected
intravenously on the first day of insulin therapy just
before insulin infusion and blood samples withdrawn
every 5 minutes for 30 minutes. Immunoreactive
plasma insulin was assayed using the Hales and Ran-
dle method [9].

Daily urinary immunoreactive C-peptide excre-
tion (Daiichi Radio Isotopes Labs, Ltd, Tokyo) was
measured according to Horwitz et al. [10] (normal
values: 36 * 4 pg/24 h) every day during the whole
period of intensive treatment and every month dur-
ing the remission period. Cross reaction with human
proinsulin was negligible.

Results are given as means =+ standard error of
the mean (SEM). Significance is given inside group A
by paired t-test. Significant differences between the
two groups have been sought by Student’s t-test and
the Fisher test after verification of parametric dis-
tribution.

Results

Nine patients from group A (75%) showed steady
remissions of diabetes — as defined above — a few
days after insulin infusion (Table 1) (mean duration
of remissions 8 = 2 months, range 3—14 months). Six
remissions are still continuing while 3 patients (N° 2,
8, 12) relapsed after 13, 4 and 3 months remission.
They received a second insulin infusion treatment
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Fig. 1. Mean daily urinary C-peptide excretion (upper part of the
figure) and urinary C-peptide/blood glucose ratio (lower part of
the figure) in patients of group A without remissions (grey, mean
+ range) and with remissions (black, mean + SEM).

Mean urinary C-peptide was calculated on the 3 days preceding
and following insulin therapy (n = 12), then on one 24 h urine
sample taken during the 3rd month (n = 6) and the 6th month
(n = 4) of the remission period.

Mean blood glucose was evaluated on the days of urine C-peptide
determinations from 8 diurnal samples taken at 7a. m., 9 a. m., 12
am.,2pm,6p.m,8p m 0and4a m.

NS: nonsignificant

which was effective only in one patient (N° 2), but
this result is too recent to draw any firm conclusions.

Only 3 patients from group B (11%, p <0.05)
showed remissions of diabetes after subcutaneous
insulin therapy (Table 1). One patient relapsed after
6 months, the two others after 10 months and all
received subcutaneous insulin therapy.

The results of the daily urinary C-peptide excre-
tion measured in patients of group A are shown in
Figure 1. Pre-insulin therapy levels (11.9 + 3.3 pg/
24 h) decreased during and significantly increased
(p < 0.01) after insulin infusion (21.3 £ 4.8 ug/24 h)
in patients with subsequent-remission.

C-peptide gradually decreased to pre-treatment
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Fig. 2. Glucagon-induced insulin secretion tests performed just
before insulin infusion in 3 patients with absent (N° 7) or short
duration (N° 8 and 12) remissions (dotted line) and 3 patients (N°
5, 6 and 10) with persistent remissions (solid line)

levels during the remission period, but the urinary C-
peptide/blood glucose ratio did not change signifi-
cantly (Fig. 1). Patients without remission excreted
lower amounts of C-peptide both before (mean 3.0
ug/24 h, range 2.0 = 4.1 pug/24 h) and after (mean
11.9 pg/24 h, range 7.2 — 17.4 ng/24 h) insulin infu-
sion.

The results of IV glucagon tests performed just
before the insulin infusion in 6 patients from group A
are shown in Figure 2. Plasma insulin responsiveness
to IV glucagon was higher in patients with sustained
remissions (N° 5, 6 and 10) than in patients with
absent (N° 7) or short duration (N° 8 and 12) remis-
sions, although the numbers are too small to draw
any firm conclusions.

Discussion

Different degrees of metabolic improvement follow-
ing the manifestation of diabetes have been called
“remission”, a somewhat confusing term [3, 4, 6, 11,
12]. In the present work remission was considered to
be present when, under identical clinical and dietary
conditions, in non obese, recent onset, ketosis-prone
juvenile patients early after the initiation of insulin
therapy, diabetes might be controlled without
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exogenous insulin administration for more than three
months.

According to this definition, spontaneous remis-
sions were rare (11%). By contrast, more frequent
(75%, p < 0.05) persistent remissions (duration 8 *
2 months) were demonstrated after transient but
excellent blood glucose control via the artificial beta-
cell. Residual insulin secretion was not assessed in
Group B patients and it is possible that the two
groups could have contained significantly different
numbers of patients with appreciable residual secre-
tion of insulin. However, all patients in remission
required oral drugs and three of them relapsed after a
few months (range 3-13 months) indicating that
insulin infusion induced only temporary and partial
remissions.

The underlying mechanism of these clinical
remissions is poorly understood. However, a residual
insulin secretion is present in most insulin dependent
diabetics [13, 14, 15], particularly in patients who
show remissions [16—20]. This is confirmed in the
present work by the daily urinary C-peptide excre-
tion and the glucagon-induced insulin response. On
the contrary, variations in insulin secretion induced
by exogenous insulin have been poorly studied, with
conflicting results [12, 21, 22, 23].

In the present work, urinary C-peptide was low-
ered by insulin infusion and significantly (p <0.01)
enhanced immediately after (Fig.1). When con-
sidered in relation to ambient glood glucose, urinary
C-peptide excretion remained improved during the
remission period.

The remission state might be interpreted as a pre-
servation of the residual beta-cell function by early
adequate insulin therapy [24], allowing an improve-
ment of the secretion when discontinued. Because C-
peptide secretion is stopped only if blood glucose is
reduced below 80 mg/100 ml [25], beta-cells can be
rested only by a really effective treatment such as the
automated insulin infusion via the artificial pancreas.
By contrast, as in patients of group B, conventionally
“well treated” diabetics are generally undertreated
(Table 1) and the resulting mild hyperglycaemia
makes amelioration of diabetes rare and weak (Table
1). The “rebound effect” of insulin secretion after
insulin infusion may reflect a somewhat beneficial
action of transient hyperglycaemia on beta-cell secre-
tion or replication provided high blood glucose levels
are not prolonged over 3 days so as to lead to exhaus-
tion of the beta-cells [26]. For this reason, intervals
between insulin infusion periods in our protocol did
not exceed 2—-3 days. We are now studying the effect
of continuous prolonged insulin infusions on the
occurrence of remissions.

Our initial results thus suggest that acute onset
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juvenile diabetes, at least in its early stage, could be
interpreted as a partially self-supporting disease:
early normalization of blood glucose by the artificial
beta-cell may break the vicious circle hypergly-
caemia-insulin depletion-hyperglycaecmia and lead to
much more frequent and sustained remissions of
diabetes than usually reported.
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