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Alterations in erythrocytes in hyperosmolar diabetic decompensation:
a pathophysiological basis for impaired blood flow
and for an improved design of fluid therapy
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Summary. In a study of 10 diabetic patients, each of whom
was in a severely decompensated state, notable alteration of
blood flow properties was observed in those six patients who
were hyperosmolar. In this form of diabetic decompensation,
whole blood filtration was distinctly impaired. The additional
impairment was shown to be due to an accumulation of solute
within the erythrocytes occurring as a consequence of hyper-
osmolarity. The alterations in erythrocytes were revealed by
Coulter blood count abnormalities and confirmed by osmotic
fragility studies. When biochemical improvement was
achieved in these patients, rapid resolution of the erythrocyte
abnormalities occurred. Microvascular ischaemia due to such

erythrocyte alterations may be a possible explanation for the
characteristic cerebral disturbances of the hyperosmolar dia-
betic state. Altered blood flow properties would also promote
vascular thrombosis, a common terminal event in the hyperos-
molar non-ketotic syndrome with associated 50 per cent mor-
tality. An improved design of the insulin and fluid replace-
ment therapy for patients in hyperosmolar diabetic coma
might be based on the findings of these and further studies.
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Severe ketoacidosis and the hyperosmolar non-ketotic
syndrome are both associated with significant mortality
(10% and 50% respectively) which may be related to im-
pairment of blood flow causing terminal thrombotic
events [1, 2 19]. The depressed conscious level charac-
teristic of hyperosmolar diabetic decompensation and
the occurrence of cerebral oedema during diabetic de-
compensation may both be related to impaired cerebral
haemoperfusion and oxygen delivery [3, 4].

This study describes novel changes in the blood of
diabetic patients with severe decompensation which
have particular relevance to blood flow. Further studies
of these abnormalities would clarify the pathophysiolo-
gy of morbid events in hyperosmolar decompensation
and could help in formulating a better approach to fluid
replacement therapy for this particular category of pat-
ient. Currently, diverse views are held on the manage-
ment of such patients, and their outcome is less than
satisfactory [5-8].

Subjects and methods
Patients

Whenever practicable over a 13-month period, any patient who was
admitted to the various medical units in the Foresterhill group of hos-
pitals in Aberdeen, Scotland with a diagnosis of diabetic ketoacidosis

was ascertained for research study. Ten such patients were obtained
and their subsequent management was according to the policy of the
unit involved. Intravenous insulin infusion regimes were used by all
units, but fluid replacement strategy varied widely.

The conscious level of each patient on admission was clinically
graded as follows: Grade 1 - alert and responds coherently to ques-
tions, Grade 2 - drowsy but responds to minimal stimulation, Grade 3
- minimal response to maximal stimulation, Grade 4 - responds to
deep pain only.

Methods

On admission and after biochemical recovery, the following investiga-
tions were routinely undertaken: peripheral blood profile (Coulter S
standardised with 4C) on venous blood with K, EDTA (1 mg/ml) as
anticoagulant; microscopy of native blood film; microhaematocrit -
1200 g for 3 min (Hawksley centrifuge, Gelman Instruments, London,
UK); biochemical profile using a sequential multiple analyser with
computer (Technicon Instruments, Tarrytown, New York, USA); se-
rum osmolarity measured by depression of freezing point (Osmette A,
Precision Systems, Sudbury, Mass, USA). Arterial puncture for blood
gasses and pH (Model C13, Instrumentation Labs, Dugnano, Italy)
were done only when deemed necessary by the clinical management
team.

Osmotic fragility studies were carried out on heparinised samples
(Vacutainer, Becton-Dickinson, Rutherford, New Jersey, USA) by a
standard method [9] and the results expressed as the mean corpuscu-
lar fragility (MCF) - (percentage NaCl at which 50% lysis occurs).
Whole blood filterability was measured on fresh blood (K, EDTA,
1 mg/ml) by the technique of Reid et al. [10] using 5-um polycarbon-
ate filters (Nucleopore Corporation, Pleasanton, California, USA).
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Table 1. Haematological and rheological data from the decompensated diabetic patients studied

Patient Sex Age Osmolarity Whole blood  Corrected Mean Mean cell volume ~ White cell ~ Haematocrit
(years) (mosm/l) filtration whole blood  corpuscular Coulter/calculated count ()
(mean value)  filtrability fragility (f1) (x 10°/1)
MCF
Group A - Hyperosmolar
1. F 66 395 0.09 0.69 0.52 98 (89) 15.7 0.41
22 F 78 349 0.18 0.98 0.50 105 (92) 14.4 042
32 M 70 359 0.12 2.05 0.50 102 (94) 31.0 0.49
4. M 17 353 0.15 57 0.50 87 (81) 26.0 0.52
5. F 48 419 0.12 6.4 0.54 105 (80) 36.9 0.43
62 M 76 349 0.18 2.82 0.50 105 (92) 12.2 0.38
Group B - Non-hyperosmolar
7. F 78 313 0.34 9.47 0.46 91 (91) 9.0 0.41
8. F 18 295 0.49 9.2 0.43 85 (85) 217 0.47
9. F 25 287 047 8.4 0.43 86 (84) 18.5 0.49
10. F 19 289 0.49 7.6 0.45 89 (89) 18.4 0.49
(281-297)*  (0.33-0.49)° (0.40-0.45)° (83-96)° (4.0-11.0)> (M 0.40-0.54)°
(F0.37-0.47)°
2 Died during this admission; ° reference range for laboratory
Table 2. Biochemical data and conscious level grading of patients on admission
Patient Plasma Serum Serum Standard Serum Arterial Conscious
glucose sodium potassium bicarbonate urea pH level
(mmol/1) (mmol/1) (mmol/1) (mmol/1) (mmol/1) grade
Group A - Hyperosmolar
1. 53.5 146 32 17.0 22.6 7.38 3
2. 49.2 158 4.2 13.0 15.0 7.3 3
3. 477 130 7.0 8.0 18.0 7.08 2
4. 33.6 133 5.0 6.0 11.5 7.09 2
5. 53.0 131 6.0 2.5 12.8 6.9 2
6. 512 132 6.3 3.0 20.0 7.16 3
Group B - Non-hyperosmolar
7. 40.5 125 4.7 26 16.7 - 1
8. 21.0 142 6.0 3 10.0 7.08 1
9. 34.6 136 6.6 8 17.6 7.16 2
10. 23.9 129 5.0 8 9.2 7.2 2

Tests were done on duplicate samples within 30 min of obtaining the
blood and results are expressed as:

(a) whole blood filterability
_ 60 x haematocrit
filtration time in seconds for 1 ml of blood

where account is taken of the concentration of erythrocytes [10] and
(b) as corrected whole blood filterability where filtration is further
standardised for a white cell count of 7.5 x 10°/1[11].

Results

The patients suffered from various types of diabetic de-
compensation and are divided into two categories, hy-
perosmolar (group A) and non-hyperosmolar (group B)
as shown in Table 1. Three major abnormalities were
evident in the group A patients. Whole blood filterabili-
ty was notably impaired in comparison with the non-hy-
perosmolar group B patients, erythrocyte osmotic fra-
gility was abnormal in group A and the MCV (mean

erythrocyte cell volume) values obtained from the Coul-
ter counter were elevated. The MCV derived from a di-

V= haematocrit

rectly centrifuged haematocrit (MC hrooyt
€ rocyte

ount)

was, in fact, normal (Table 1).

The biochemical data of the patients and conscious
level grading are shown in Table 2. In group A, patients
1-2 were hyperosmolar non-acidotic. Patients 3-6 were
hyperosmolar and in addition were ketoacidotic. In
contrast, the patients 7-10 in group B were not hyperos-
molar but were ketotic. Cerebral impairment was more
often manifest in group A. The impaired whole blood
filterability, the elevated Coulter MCV measurements
and the abnormal erythrocyte osmotic fragility ob-
served in these same patients returned rapidly to normal
following biochemical improvement. The accompany-
ing osmotic fragility curves shown in Figure 1 demon-
strate the typical pattern which occurred.
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Fig.1. Typically abnormal erythrocyte osmotic fragility found:

a during hyperosmolar diabetic decompensation - ---- LRI .,
and b after recovery s—e—= (actually taken from patient 2, Table 1)
The normal control curve ®---¢---¢ has also been drawn and the mean
corpuscular fragility (MCF) is indicated by % where 50% lysis of nor-
mal erythrocytes occurs

Discussion

The marked impairment in red cell filterability encoun-
tered in the group A patients can be explained on the
basis of the four variables which determine erythrocyte
deformability, namely (a) the mechanical properties of
the cell membrane, (b) the internal viscosity of the cell
contents, (c) erythrocyte morphology and (d) the ratio
of surface membrane area to volume of the cell [12]. In
the severely decompensated diabetic patient who has
also become hyperosmolar, each of these four variables
related to erythrocyte deformability is unfavourably al-
tered, producing a summated effect.

Firstly, using micropipette techniques and slow mo-
tion cinephotography, previous investigators have dem-
onstrated abnormal erythrocyte membrane behaviour
in diabetes [13, 14]. Secondly, the internal viscosity of
the cell content will be increased in these patients by vir-
tue of hyperosmolarity and intracellular dehydration
[15]. Thirdly, the erythrocytes in severely decompensat-
ed diabetic patients have been noted to be of abnormal
morphology, and to assume echinocytic (finely crenat-
ed) shapes [16], possibly related to the effect of fatty ac-
ids [17]. Finally, we have fulfilled the fourth criterion for
reduced erythrocyte deformability by demonstrating
that the erythrocytes in hyperosmolar diabetic patients
also have an abnormal volume to surface membrane
area ratio which is due to an accumulation of cytoplas-
mic solute.

Volume-to-surface area dysproportion was illustrat-
ed by osmotic fragility studies. The osmotic resistance
of freshly obtained erythrocytes reflects their ability to
take up water without lysis when introduced into in-
creasingly hypotonic solutions and this in turn depen-
dends on their volume-to-surface membrane area ratio.

The explanation for the anomalous Coulter MCV
results in the hyperosmolar group of patients is simi-
larly based on the accumulation of intra-erythrocytic
solute. Mammalian erythrocytes in vivo exist in osmotic
equilibrium with their plasmatic environment. During
diabetic decompensation, erythrocytes in the circula-
tion of these hyperosmolar patients must therefore also
acquire a hypertonic intracellular content in order to
maintain osmotic equilibrium with the surrounding
plasma. When such erythrocytes are subsequently intro-
duced into relatively hypotonic diluent as occurs in the
process of Coulter counting, water will enter the cell
and induce swelling, thereby leading to an erroneously
high Coulter MCV value in vitro [16]. Thus, it is notice-
able in Group A patients that their Coulter MCV values
were erroneously higher (an average of 12%) than the
calculated MCV values derived from the centrifuged
haematocrit, whereas the Coulter MCV is normally ex-
pected to be about 3% lower than its calculated counter-
part. Indeed, this anomalous finding is of some value in
confirming the diagnosis of hyperosmolarity associated
with diabetic decompensation. The Coulter counter is a
commonly used instrument and in these circumstances
provides a readily available indirect measurement of tis-
sue tonicity compared to that of Coulter diluents (Iso-
ton II. Coulter Electronics, Luton, England. Osmolari-
ty =339 mosmol/I).

The accumulated intra-erythrocytic solute subse-
quently disappeared when biochemical improvement
occurred as demonstrated by the return of normal os-
motic resistance of the erythrocytes (Fig. 1).

It is understandable that erythrocytes with an in-
creased ratio of intracellular content to surface mem-
brane area would have abnormal flow properties.
Whereas the normal laxity of the cell membrane allows
an erythrocyte to assume unusual, even dumb-bell
shapes in order to pass through a short channel of di-
ameter smaller than its own [18], cells which have more
content or less membrane will show reduced deform-
ability in vitro and are less able to traverse microvascu-
lar passages in vivo. Microvascular ischaemia and im-
paired tissue oxygen delivery might therefore contribute
significantly to the morbid events associated with hy-
perosmolar diabetic decompensation. Furthermore, the
level of erythrocyte 2,3 DPG is known to be abnormally
low in diabetic ketoacidosis [19]. The resultant anoxia
might account for the depressed sensorium and other
cerebral manifestations characteristic of hyperosmolar
diabetic decompensation which remain incompletely
explained. Reduced erythrocyte deformability would
also have a contributory role in arterial thrombosis, a
frequent occurrence in non-ketotic hyperosmolar coma
[1], accounting for one-third of deaths in patients with
diabetic ketoacidosis [2].

Further studies of a larger number of patients are re-
quired and might be directed towards the identification
of the physical and chemical characteristics of the so-
lute(s) accumulating within erythrocytes of diabetic pat-
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ients suffering from hyperosmolar decompensation.
The ability of such solute(s) to traverse cell membranes
would influence the strategy adopted in choosing intra-
venous fluids and in lowering the blood glucose in this
particular category of patient.

The haematological stigma described in this study
might alert the clinician to diabetic decompensation
which has been complicated by significant hyperosmo-
larity and to its attendant morbidity and mortality. The
cerebral catastrophies which occur so frequently in
these patients are more likely to be due to the vascular
complications of hyperosmolarity and not the result of
treatment as has been stated in the past. Furthermore,
early recognition of hyperosmolarity and use of hypo-
tonic solutions would expedite normalisation of the
perfusion characteristics of blood and help to restore
the microvascular circulation.
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