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PHARMACOTHERAPEUTICAL APPROACHES TO DECREASING HEMATOCRIT
AND INCREASING CLAUDICATION DISTANCE IN DIABETIC PATIENTS WITH
PERIPHERAL VASCULAR DISEASE
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The paper deals with pharmacotherapeutical approaches to decreasing hematocrit in order to improve macro and
microcirculation in arteries of lower limbs of type 2 diabetes patients. The study included 37 patients with diabetic
angiopathy, all of whom had inoperable changes to arteries. In order to decrease hematocrit and cause haemodilution,
we used 10 % solution of hydroxyethyl starch. Indications for inclusion in the study were carried out in close cooperation
with a vascular surgeon. We applied hydroxyethyl starch according to a predetermined scheme. Using normovolemic
and hypervolemic haemodilution, we decreased hematocrit to 0.41-0.42. Patients underwent a treadmill examination
at the beginning of the study and then repeatedly during the course of study, when we measured the claudication
distance to quantify, the effects of decreased hematocrit.

The results show that the effect is most pronounced after 6 weeks, when hematocrit fell from a baseline of 0.435
to0 0.421 (p <0.01) and claudication distance increased to 51% (also significant). On average the claudication distance
rose from 55.7m to 84.6m (p < 0.01). In the following weeks (after the sixth week of the study), the studied parameters

changed only insignificantly (p > 0.05).

INTRODUCTION

The coincidence of type 2 diabetes and peripheral
vascular disease (PVD) is very common and constitutes
the most common cause of diabetic angiopathy. The
incidence of PVD in type 2 diabetic patients is around
30 %. According to some studies, the risk of ischemic limb
disease manifesting itself is 5 times higher for diabetic
patients than it is for non-diabetics. The probability of
ischemic gangrene of lower limb is 20-30 times higher
for diabetics'2.

An important pathophysiological mechanism in the
development of diabetic angiopathy, apart from classical
risk factors of atherosclerosis, is blood fluidity and loss
of autoregulation of vascular tone. With already existing
angiopathy, blood fluidity becomes the limiting factor for
blood flow to poorly perfused areas’.

One of the options of influencing blood viscosity by
decreasing hematocrit is haemodilution by hydroxyethyl
starch (HES) application.

Treatment by HES leads to improved rheological
properties of blood and to improvement in macro and
microcirculation by normo or hypervolemic haemodilu-
tion. This leads to increased oxygen supply to the tissues
and restoration of disturbed metabolism*-’,

Decrease in hematocrit is in fact linked to a corre-
sponding decrease in concentration of oxygen carriers and

so decreases the oxygen carrying capacity of blood. This
loss if compensated for by a decrease in blood viscosity,
supercompensates the loss of total oxygen concentration
in blood by increasing its relative transport capacity.

According to a simplified modification of the Hagen-
Poiseulle equation is tissue perfusion indirectly propor-
tional to blood viscosity and directly proportional to
perfusion pressure.

METHODS AND MATERIAL

The studied population consisted of 37 patients with
diabetic angiopathy, stages II-IV of the Fontaine classifica-
tion, treated by haemodilution at the 2" Internal Clinic
of Teaching Hospital in Olomouc, from 1998 to 2003.
We used a 10 % solution of hydroxyethyl starch from the
company Fresenius (Haes-steril 10 %).

Solution characteristics

Hydroxyethyl starch is a solution with a molecular
weight of 200 kDa and molar substitution 0.5 (i.e. approx.
5 hydroxyethyl groups are present in 10 glucose units of
the amylopectin skeleton). It is of vegetable origin, made
from maize. 96 % of HES is in the form of high molecular
weight amylopectin, the structure of which is similar to
glycogen. It is excreted largely through kidneys, part of the
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dose administered penetrates into extravascular compart-
ment and is excreted in bile and stool?®.
Inclusion criteria of patients indicated for haemodilu-
tion treatment with HES:
- inoperable diabetic angiopathy of lower limbs
- patients after an unsuccessful revascularisation opera-
tion
As unsuccessful revascularisation we consider (further
just unsuccessful intervention):
- technical failure of the procedure without restoring
the blood flow through the vessel
- bypass or angioplasty obliteration
- functional failure of intervention, when there is nei-
ther subjective nor objective improvement in clinical
condition (change in ankle-brachial index) despite
a technically successful operation
Another criterion for initiation of haemodilution treat-
ment was hematocrit higher than 0.42 and no contraindi-
cation for HES treatment’.
We measured hematocrit levels at inclusion and then
repeated the measurements
- once a week during the first six weeks
- once a month in the follow up period

Claudication distance

To determine the claudication intervals we followed
a pre set scheme, using treadmill Jaeger LE 3000 with the
option to change the slope and speed. The standard speed
was 3 km/h with 12 % slope, time of exercise 5 min.'

The measurement was done before treatment initiation
and then in specified intervals during the study.

We recorded the following data:

Distance in meters walked
a) until onset of pain

a. walking horizontally, speed 3km/h

b. walking horizontally, speed 5km/h

c. walking up a slope of 12 %, speed 3km/h
b) until pain limited further exercise

a. walking horizontally, speed 3km/h

b. walking horizontally, speed 5km/h

c. walking up a slope of 12 %, speed 3km/h

Patient treatment consisted of hydroxyethyl starch
(HES) parenteral application, 250 ml in a sixty minute
i.v. infusion. We included a total of 37 patients, follow up
period ranged from 12 months to 3 years. None of the pa-
tients included had hematocrit values higher than 0.45.

The following table shows the characteristics of the
studied sample.

Table 1. Patients by sex and age.

Average age Maximum Minimum
Male 60.37 75 42
Female 60.68 72 49
Total 60.52 75 42
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Table 2. Patients by disease stage according
to Fontain classification.

Total Male Female
Fontain Ila 7 4 3
Fontain IIb 17 12 5
Fontain 111 10 7 3
Fontain IV 3 3 0

Table 3. Concomitant disease and their frequency.

Ischemic heart disease 34 81%
Arterial hypertension 29 69%
Obesity 36 86%
Hyperlipoproteinaemia 39 93%
Renal failure 3 9%
Microalbuminuria 38 90%

Table 4. Treatment duration.

Treatment

duration Fontain IIb Fontain I1I-1V
week 1-3 3 times 5 times a week
(inpat./outpat.) a week

week 4_,6 1 time a week 3 times a week
(outpatient)

After six weeks and after six months we evaluated
the clinical effect of treatment. We recorded subjective
feelings of the patients, measured hematocrit, measured
peripheral pressure indexes and claudication distances.
We used Student’s t-test to evaluate the results.

RESULTS

Hematocrit decreased from average 0.435 baseline val-
ue to 0.421 after six weeks of treatment, this change was
statistically significant (p < 0.01). There was difference
in the decrease of hematocrit in relation to the frequency
of infusions. During follow up after the first six weeks
of treatment there were no further significant decreases
in hematocrit, some measurements even showed a non
significant increase.

None of the changes seen during the follow up period
were significant. Fluctuation of hematocrit levels agrees
with the hypothesis that the influence on rheological prop-
erties of blood is greatest when HES is applied weekly.
However, the assumption that the effect would last for
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Table 5. Average values of hematocrit before and during treatment (s.d. - standard deviation)

Before During treatment (weeks)
treatment 6 24 5 104
Hematocrit 0.435 0.425 0.421 0.432 0.440
s.d. 0.110 s.d. 0.155 s.d. 0.174 s.d. 0.185 s.d. 0.192

Table 6. Average claudication distances in meter measured by walking on the treadmill before and during treatment.

Before During treatment (weeks)
treatment 6 24 59 104
Claudication distance 55.7 84.58 86.64 89.51 89.2
(v=3km/h, slope 0%) s.d. 26.3 s.d. 38.24 s.d. 38.86 s.d. 32.89 s.d. 34.5
Claudication distance 26.02 26.41 25.36 24.74 24.63
(v=>5km/h, slope 0%) s.d. 23.29 s.d. 23.75 s.d. 24.11 s.d. 24.62 s.d. 21.89

14-21 days was not confirmed, in some of the measure-
ments hematocrit was increased.

Increase in claudication distances correlated with he-
matocrit decrease. On average the claudication interval
significantly increased by 51 % from baseline of 55.7m
to 84.6m (p <0.01), measured after six weeks of treat-
ment.

In the follow up period, the claudication distances
changed only little, with values of p around 0.05. It is
possible that some of the increase in claudication distance
could be attributed to patients becoming more adapted
to walking on the treadmill with repeated examinations,
since none of the patients had used the treadmill before
being included in this study.

DISCUSSION

When considering application of hydroxyethyl starch
in order to decrease hematocrit, cause haemodilution and
so improve the ischemia present in diabetic angiopathy,
we assumed the following generally known and accepted
facts:

- diabetic patients are more prone to unfavourable rheo-
logical changes'!

- coincidence of classical risk factors for atherosclerosis
(which is the morphological bases of macroangiopa-
thy) and blood fluidity>?.

In theory, haemodilution by application of hydroxye-
thyl starch should be effective since in diabetic angiopa-
thy, damage to arteries predominates and blood fluidity
becomes a limiting factor for proper tissue oxygenation.

The principle of hydroxyethyl starch treatment is
achieving normovolemic or hypervolemic haemodilu-
tion.

This haemodilution accompanied by hematocrit
decrease to values between 0.40 and 0.42 is beneficial,

improves rheological properties of blood and supports
more efficient tissue oxygenation. It has been shown that
hematocrit between 0.40 and 0.42 is ideal for oxygen
transport®*.

To reach the target values, we repeatedly applied infu-
sions of 10 % hydroxyethyl starch, each 500 ml in volume.
This dosing is sufficient when hematocrit does not exceed
0.45.

Haemodilution treatment using HES is most effective
in the first 6 weeks, which was confirmed by statistically
significant decrease in values of hematocrit and claudica-
tion distance.

Five patients did not complete the study. Four of them
had to be excluded from the study for serious deteriora-
tion in their clinical condition. One moved and could not
continue the study.

One patient left the study after an ischemic stroke.
The complication was not associated with HES treatment.
In contrast, HES is used in the treatment of ischemic
strokes.

Two patients showed progression of peripheral vas-
cular damage with the appearance of resting pain and
trophic defects. These two patients were transfered to the
surgery department and had their feet amputated above
ankle level.

One patient died of lung cancer. The diagnosis of the
tumour was preceded by obliteration of femoropopliteal
bypass with high amputation of the lower limb involved.
The hypercoagulation state was so marked that it could
not be sufficiently treated by haemodilution, on other con-
servative means (intraarterial trombolysis).

CONCLUSIONS

After evaluation of our results, we came to the conclu-
sion that controlled decrease of hematocrit favourably af-
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fects the symptoms of diabetic angiopathy. Haemodilution
as a treatment option is:
(i) simple and effective;
(ii) most effective in diabetic patients with inoperable
changes in lower limb arteries;
(iii) possible to administer to outpatients, without the
need for hospitalisation;
(iv) well tolerated and safe.
We therefore conclude that the prospects of using hy-
droxyethyl starch for haemodilution treatment are very
favourable.

REFERENCES

1. Valek J. Diabeticka makroangiopatie. In: Barto$ V, Pelikanova T.
Prakticka diabetologie. Maxdorf Praha, 2003. p. 206-213.

2. Angelkort B, Kiesewetter H. (1981) Influence of risk factors and
coagulation phenomena on the fluidity of blood in chronic arterial
occlusive disease. Scand J Clin Lab Invest 4/, 185-188.

J. Urge, J. Strojil, P. Utikal

. Angelkort B, Pirnay D, Kiesewetter H, Maurin N. (1983) Hemo-

dilution and pentoxifyllin effects on muscle blood flow and blood
fluidity in chronic arterial occlusive disease. Vascular Med 7, 150-
158.

. Koscielny J, Kiesewetter H, Jung E. Hemodilution, Springer-Verlag

Berlin Heidelberg, 1992.

. Stacher A. (1984) Klinik und Therapie des Eisenmangels. Wiener

Med Wochenschr 7, 76.

. Heidrich H, Boccalon H (1986) Prinzipien kontrollierter klinischer

Therapiestudien bei peripherer arterieller Verschlusskrankheit.
Angio Archiv 73, 82.

. Weidwager P, Bach N. 5 Jahre Wiener Erfehrungen mit ambu-

lanten Claudicatio-Gruppen. In: Kiesewetter H, Jung F, editors.
Konservative Therapie peripherer und zerebraler arterieller Durch-
blutungsstorungen, Ermer Verlag, 1987. p. 21-63.

. Automaticky informacni systém lécivych ptipravka (AISLP),

2004. 4.

. Kiesewetter H, Junge F, Blume J, Gerhards M. (1987) Hamodilution

bei Patienten mit periphere arterieller Verschlusskrankheit im
Stadium II b: Prospektive randomisierter Doppelblind-Vergleich
von mittelmolekularer Hydroxyédthylstarke und kleinmoleku-
larerDextranlosung. Klin Wochenschr 65, 324-330.

. Puchmayer V. (1977) PouZziti ultrazvukové techniky v angiologii.

Vnitf. Lék. 23, 1072-1082.

. Carr ME. (2001) Diabetes mellitus: a hypercoagulable state. J

Diabetes Complications 15, 44-54.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


