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90 years of insulin therapy — analysis of its success and
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Insulin therapy has successfully solved all problems of
hyperglycemic hyperosmolar non-ketotic state, and tha result of insulin
treatment is also that life-threatening hyperglycemic hyperosmolar
non-ketotic state with coma occurs today very seldom, only in diabetic
patients who did not follow recommendations for insulin therapy. In
diabetic ketoacidotic coma, insulin is without effect however, correctly
applied alkalizing therapy is life-saving.

One hundred years ago at the beginning of the 20" century, two
diseases had an almost 100% lethality: pernicious anaemia and diabetic
ketoacidosis. Between the two World wars, substantial progress in their
pathogenesis has been honoured with Nobel prizes.

Today, at the beginning of the 21" century, nobody remembers
lethal outcome in a patient, with pernicious anaemia, whereas between
1990 and 2010 yearly 2000-3000 patients dies in USA in “hyperglycemic
crises”, despite the availability of insulin therapy [1].

To explain and understand this surprisingly unfavourable result it
is necessary to call attention that diabetic ketoacidosis (DKA) today is
not the same as DKA 90 years ago.

Lethal coma in DKA has been first reported 1874 by Kussmaul [2],
but already in 1881 has Dreschfeld [3] reported lethal coma without
acetoacetic acid in diabetes mellitus. Progress in biochemistry has made
possible to measure blood-pH and according to Rolly [4] in 1913, out
of 11 comatose diabetic patients only 3 had acidotic blood. Rolly has
emphasized that in the majority of these patients an “acidctic coma” was
excluded. However, this non-acidotic coma (coma in hyperglycemic
hyperosmolar non-ketotic state, HHNs) has been generally accepted
only after the case history of Sament and Schwartz in 1957 [5]. It is
difficult to understand why HHNS has been acknowledged only 76
years after its first description by Dreschfeld!!! Thus, when in 1922
insulin was introduced in the therapy of diabetes, the reality was that
the majority of comatose patients ware in HHNS, not in DKA, and the
decrease of lethal outcome in comatose patients was the consequence
of insulin treatment of HHNS, and. not of DKA.

With the acceptance of HHNS emerged a new problem: after the
discovery of insulin, its absence has been considered as the cause of
DKA; however, the existence of the “new” HHNS must be also in some
way linked to insulin deficiency. A “very simple” solution has been found:
decreased concentration of plasmatic insulin is the cause of HHNS, its
absolute deficiency is the cause of DKA. But successively appeared reports
which casted doubt on the role of insulin in the development of DKA: the
existence of euglycemic DKA [6] and even DKA in hypoglycaemia [7] is
difficult to explain as consequence of insulin deficiency.

The Nobel Prize 1977 to Rosalyn S. Yalow, for development of
new methods of biochemical analysis that make it, possible to measure
insulin concentration in human plasma has definitively made clear that
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insulin does not participate in the pathogenesis of DKA. Already in
1981 has been published the monograph “Diabetic coma: katoacidotic
and hyperosmclar” [8]. There, on p 67 is the Figure 6.3 with names of
12 authors who have reported sufficient amounts of plasmatic insulin
in patients with DKA. On the other hand, absolute deficiency of
plasmatic insulin has been reported in patients with coma in HHNS [9]
and also in diabetic patients without subjective complaints [10]. Thus,
DKA is insulin-independent, whereas in HHNS the life-threatening
dehydration caused by hyperglycemia with glycosuric polyuria is
successfully treated with insulin.

The key problem of DKA is the lethal coma, without connection
to insulin. According to three papers [11-13], the immediate cause
of coma in DKA is very low blood-pH (=very high concentration of
hydrogen ions H*), regardless what are the accompanying anions: the
glycolytic enzyme phosphofructokinase is pH-dependent, as its activity
is decreasing; with decreasing pH [14]. Therefore, with decreasing
blood-pH is decreasing also the utilisation of glucose in brain cells [15].
Already in the 19th century have been reported increased amounts of
acetoacetic and beta-hydroxybutyric acids in diabetic patients and this
is also the origin of the name “ketoacidosis”. In 1924, Starr and Fitz
[16] have measured the concentration of “acetone bodies” and the total
acidity in urine and blood of patients with DKA: total acidity was greater
than the acidity of “ketone bodies”. Their conclusion was that there are
also “unidentified acids” in patients with DKA and they have asked on
their p 100 “whether such unidentified acids may have played part in
producing the clinical picture of diabetic coma”. Progress in methods
of biochemical analysis has made possible to identify successively 34 of
such “unidentified acids” [17]. The mutual relation of these together
36 acids is variable, including severe acidosis without acetoacetic and
beta-hydroxybutyric acids, e g [18]. Another example for the presence
of other acids than traditional “acetone bodies”: high level of lactic acid
in patients with DKA [19].

If insulin therapy has no positive effect in life-threatening acidosis,
remains the question, what could then be the effective treatment? If the
low blood-pH is in reality the cause of decreased level of consciousness,
the increase of the low blood-pH after infusions of alkalizing solutions
(such as sodium bicarbonate) should be followed by return to normal
level of consciousness. As an example of zero lethality of coma in
DKA after treatment with sodium bicarbonate can serve the paper of
Umpierrez et al. [20]. It is necessary to emphasize that the alkalizing
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therapy must begin as soon as possible before the damage of brain has
reached the irreversible stage.
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