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Summary The interactions of epilepsy and antiepileptic therapy an one hand and
cardiovascular system on the other hand are multiple and complex. Antiepileptic
drugs (AEDs) cause alterations of serum lipids and of the fatty acid composition of the
membranes. Homocystein, known to induce vascular endothelial damagewas found to
be elevated in patients on valproate (VPA) and carbamazepine (CBZ) therapy. Marked
coronary artherosclerosis and myocardial infarction may already occur in children
treated with CBZ. Community based studies corroborated a higher incidence of
myocardial infarction, peripheral vascular diseases hypercholesterinemia, left ven-
tricle hypertrophy and stroke in patients with epilepsy. In this context, we wanted to
elevate changes of microcirculation related to AEDs commonly prescribed such as VPA
and CBZ.

Capillary microscopy is a non-invasive technique for measuring the velocity of red
blood cells and for determining nutritional blood flow in the capillaries of the skin. It
can easily be performed in children.

The aim of this study was to look for possible effects an antiepileptic monotherapy
with carbamazepine or valproate has on the peripheral microcirculation in epileptic
children.

We were able to examine 14 children with CBZ and 24 children with VPA, recruited
in our neuropediatric Unit. The results were compared to normative values, deter-
mined in former analyses of 207 healthy children. We found significant differences in
capillary density, tortuous index of the capillaries, capillary diameter and flow rate of
erythrocytes for both antiepileptic drugs. Additionally, there were changes in plasma
viscosity and the aggregation of erythrocytes.

These microcapillary effects could be of special interest in the relationship of a
long-term antiepileptic therapy and the development of vascular diseases.
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We suggest that the influence of AEDs on microcirculation should also be con-
sidered in further studies on cardiovascular changes in patients with antiepileptic
long-term medication.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Figure 1 Flow rate of erythrocytes.
Introduction

The interactions of epilepsy and antiepileptic ther-
apy on one hand and cardiovascular system on the
other hand are multiple and complex. Antiepilep-
tic drugs (AEDs) cause alterations of serum lipids
and of the fatty acid composition of the mem-
branes.1 Homocystein, known to induce vascular
endothelial damage was found to be elevated in
patients on valproate (VPA) and carbamazepine
(CBZ) therapy.2 Marked coronary artherosclerosis
and myocardial infarction may already occur in
children treated with CBZ.3 Community based stu-
dies corroborated a higher incidence of myocardial
infarction, peripheral vascular diseases hypercho-
lesterinemia, left ventricle hypertrophy and stroke
in patients with epilepsy.4 In this context, we
wanted to elevate changes of microcirculation
related to AEDs commonly prescribed such as
VPA and CBZ. The interest in microcirculation
began in the 17th century.5 In vivo studies of the
capillary circulation using a microscope were first
described 45 years ago by Lombard.6 In 1974 Bol-
linger introduced a method for actual measure-
ments of the flow velocity in nutritional skin
capillaries.7 Capillary microscopy is a non-invasive
technique for measuring the velocity of red blood
cells and for determining nutritional blood flow in
the capillaries of the skin. Because of its parallel
course to the surface, nailfold-microscopy is espe-
cially easy to perform. The use of a video techni-
que expanded the diagnostic possibilities, of not
only the density of capillaries, tortuous index and
diameter of erythrocyte columns, but also dynamic
measurements such as flow rates of erythrocytes
became possible. Various studies have shown that
there is a significant change of skin capillary cir-
culation in patients with polycythaemia, diabetes
mellitus and hypertension.8—10

An effect of VPA on capillaries was shown in
analysis of the cerebellar cortex11 the effect of
CBZ on the cerebral blood flow was shown by Sechi
and Valmier.12,13
Table 1 Test persons–—overview

Carbamazepine Valproate

Number 14 23
Ø Age 13 11.5
Gender f—m 6—8 8—15
Method

The skin is illuminated by a microscope lamp at an
angle of 458 to the surface. To improve contrast
between the microvessels and the surrounding tis-
sue a blue filter is used. The morphology of nailfold
capillaries is studied by intravital capillaroscopy
(Zeiss, Axioskop FS) at a magnification of 50�. Room
temperature was maintained between 22 and 24 8C,
the patient’s arm was bedded on a warm (28 8C)
microscope table with a sliding surface. Patients
were examined in a sitting position after a resting
time of at least 20 min. The capillaries were eval-
uated in accordance with the criteria as described
by Jung et al.14 The measurements were videotaped
underlayed with a 1/100 s display.

The results were compared to standard values of
rheologic parameters in children established by
Engelmann.15 The measured parameters included
capillary density, diameter and tortuous index of
the capillaries. The flow rate of erythrocytes was
measured, as a dynamic parameter.

All of the patients in this study were outpatients
in our neuropediatric Unit and were on valproat or
carbamazepine, because of an epileptic disease
(focale or generalized). Their ages ranged from 8
to 15 years (Table 1).
Results

We were able to examine 14 children with CBZ and
24 children with VPA, recruited in our neuropedia-
tric Unit. The results were compared to normative
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Figure 2 Capillary diameter.
values, determined in former analyses of 207
healthy children.

The patients were not examined before the antic-
onvulsive therapy was initiated, but according to
the results of the normative values, it is not pre-
sumable, that the variances/differences in capil-
laries existed before therapy.

The duration of antiepileptic medication in the
patients differs from 9 months to 4.5 year. The
number of patients is to small, to divide them into
subunits. The duration of the therapy tends to result
in more pronounced changes of microcirculation.

We did not find a significant reduction in capillary
density in our patients compared to the control group
(CBZ 5.6� 1.1, VPA 6.0 � 1.2, control 6.1� 1.1
capillaries permm epidermical edge). Children trea-
ted with VPA or CBZ showed a significant increase in
the tortuous index of the capillaries (CBZ 0.8� 0.6,
VPA 1.4 � 1.3, control 0.3� 0.3) [p < 0.001] and
there was also a significant change in the capillary
diameter, with an extension in the venous loop of the
capillaries (Fig. 2) [VPA: p < 0.001, CBZ: p < 0.009].
There was no difference in the arterial loop.

Furthermore, there was a major difference in the
flow rate of erythrocytes, with a significant increase
in the rate for VPA [p < 0.004] and CBZ [p < 0.001]
(Fig. 1).

Hemorheological differences could be shown for
CBZ and VPA with a decreased plasma viscosity and
aggregation of erythrocytes (Table 2).
Discussion

Changes of cardiovascular risk factors have been
described in patients with epilepsy. The risk of
coronary heart disease was found to be greatly
increased (Karabiber et al.2). The influences of AEDs
on serum lipids and on lipid metabolism are usually
focused upon as an explanation of these findings.
Table 2 Aggregation of erythrocytes and plasma viscosity

CBZ

Aggregation of erythrocytes 14.98 � 6.11
Plasma viscosity (mPa s) 1.26 � 0.27
We hypothesized that the influence of AEDs on
the cardiovascular system may be broader and the
changes of microcirculation may also be involved.

To the best of our knowledge, this issue (e.g.
extension of the capillary diameter) has not been
addressed in the past.
1. E
xtension of the diameter in the venous loop of
the capillaries: The extension of the venous
diameter could be seen as a result of vasomotoric
instability in the form of spasms or atony,16 but
additionally the increased erythrocyte flow rate
could lead to the found venous extension.
2. In
creased erythrocyte flow rate: There is a known
change in the constellation of serum lipid due to
CBZ therapy, with an increase of the HDL-fraction
(high density lipoprotein), especially the HDL-C
and HDL3-C concentrations.17 In the literature,
patients on valproate showed significantly lower
cholesterol, LDL-c and triglyceride levels but the
differences inHDL-c levelswerenon-significant.18

Additionally, there is a known pre-capillary vaso-
dilatation in patients with epilepsy and VPA, lead-
ing to a hyperperfusion. An AED triggered
reduction of central sympathotonus or a restric-
tion of noradrenalin release were discussed as
possible mechanisms.19,20 At least, a reduced
aggregation of erythrocytes and platelets, mainly
due to hypofibrinogenemia21 leads to the increase
in erythrocyte flow rate.
3. E
levated density of capillaries and tortuous
index: This raised index in patients with antic-
onvulsive therapy could be seen as (an effect)/(a
result) of the underlying disease due to neuro-
vascular dystonia and vasomotoric instability in
the form of spasms or atony, as seen by Haupt-
mann in 268 of 304 neurological patients.22 The
latter authors included patients with a large
range of neurological disorders in their study,
ranging from epilepsy to schizophrenia. A second
point is a raised MCV (mean corpuscular volume)
as result of the AEDs.5

In summary we found changes of microcirculation
in the terminal vascular bed in children with epi-
lepsy and either VPA or CBZ monotherapy. By various
mechanisms, VPA and CBZ may enhance degenera-
tive mechanisms in vascular endothelium.6 In the
context of a reduced morbidity of patients with
VPA Control

14.94 � 5.25 16.2 � 7.0
1.27 � 0.31 1.30 � 0.1
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coronary heart disease and concomitant antiepilep-
tic medication with phenytoin or phenobarbitone,3

microcapillary effects could be of special interest in
further investigations.

We suggest that the influence of AEDs on micro-
circulation should also be considered in further
studies on cardiovascular changes in patients with
antiepileptic long-term medication.
References

1. Koenig SA, Knolle J, Friedewald S, Koelfen W, Longin E, Lenz
T, et al. Effects of valproic acid, carbamazepine, and phe-
nobarbitone on the fatty acid composition of erythrocyte
membranes in children. Epilepsia 2003;44:708—11.

2. Karabiber H, Sonmezgoz E, Ozerol E, Yakinci C, Otlu B,
Yologlu S. Effects of valproate and carbamazepine on serum
levels of homocysteine, vitamin B12, and folic acid. Brain Dev
2003;25:113—5.

3. de Chadarevian JP, Legido A, Miles DK, Katsetos CD. Epilepsy,
atherosclerosis, myocardial infarction, and carbamazepine. J
Child Neurol 2003;18:150—1.

4. Li X, Breteler MM, de Bruyne MC, Meinardi H, Hauser WA,
Hofman A. Vascular determinants of epilepsy: the Rotterdam
Study. Epilepsia 1997;38(November (11)):1216—20.

5. Renkin EM. Cellular aspects of transvascular exchange: a 40-
year perspective. Microcirculation 1994;1:157—67.

6. Lombard WP. The blood pressure in the arterioles. Capillaries
and small veins of the human skins. Am J Physiol 1912;29:335.

7. Bollinger A, Butti P, Barras JP, Trachsler H, Siegenthaler W.
Red blood cell velocity in nailfold capillaries of man mea-
sured by a television microscopy technique. Microvasc Res
1974;7:61—72.

8. Ostergren J, Fagrell B. Skin capillary blood cell velocity in
patients with arterial obliterative disease and polycythae-
mia: a disturbed reactive hyperaemia response. Clin Physiol
1985;5:35—43.

9. Tooke JE, Lins PE, Ostergren J, Adamson U, Fagrell B. The
effects of intravenous insulin infusion on skin microcirculatory
flow in Type 1 diabetes. Int J Microcirc Clin Exp 1985;4:69—83.

10. Fagrell B. Microcirculatory methods for the clinical assess-
ment of hypertension, hypotension, and ischemia. Ann
Biomed Eng 1986;14:163—73.
11. Sobaniec-Lotowska M, Sobaniec W, Augustynowicz A. Mor-
phometric analysis of the cerebellar cortex capillaries in
the course of experimental valproate encephalopathy and
after chronic exposure to sodium valproate using transmis-
sion electron microscopy. Folia Neuropathol 2001;39:
277—80.

12. Sechi G, Casu AR, Rosati G, Spanu A, Deserra F, Nuvoli S, et al.
Cerebral and cerebellar diaschisis following carbamazepine
therapy. Prog Neuropsychopharmacol Biol Psychiatry 1995;
19:889—901.

13. Valmier J, Touchon J, Blayac JP, Baldy-Moulinier M. Initiation
of carbamazepine therapy in partial epilepsy: a regional
cerebral blood flow study. Epilepsy Res 1990;5:229—34.

14. Jung F, Berthold R, Wappler M, Kiesewetter H, Wenzel E.
Reference range of capillary geometric values in apparently
healthy probands between 6 and 65 years of age. Vasa Suppl
1987;20:109—12.

15. Engelmann A. Capillary microscopy in children and adoles-
cents. Medical dissertation. University Heidelberg; 1997.

16. Olkon DM. Epilepsy of the angiospastic variety inmonozygotic
twins. Arch Neurol Psychiat 1930;25:1111.

17. Eiris J, Novo-Rodriguez MI, Del Rio M, Meseguer P, Del Rio MC,
Castro-Gago M. The effects on lipid and apolipoprotein serum
levels of long-term carbamazepine, valproic acid and phe-
nobarbital therapy in children with epilepsy. Epilepsy Res
2000;41:1—7.

18. Nikolaos T, Stylianos G, Chryssoula N, Irini P, Christos M,
Dimitrios T, et al. The effect of long-term antiepileptic
treatment on serum cholesterol (TC, HDL, LDL) and trigly-
ceride levels in adult epileptic patients on monotherapy. Med
Sci Monit 2004;10:50—2.

19. LoscherW, Honack D. Valproate and its majormetabolite E-2-
en-valproate induce different effects on behaviour and brain
monoamine metabolism in rats. Eur J Pharmacol 1996;299:
61—7.

20. Purdy RE, Julien RM, Fairhurst AS, Terry MD. Effect of carba-
mazepine on the in vitro uptake and release of norepinephr-
ine in adrenergic nerves of rabbit aorta and in whole brain
synaptosomes. Epilepsia 1977;18:251—7.

21. Hauser E, Seidl R, Freilinger M, Male C, Herkner K. Hema-
tologic manifestations and impaired liver synthetic func-
tion during valproate monotherapy. Brain Dev 1996;18:
105—9.

22. Hauptmann A, Myerson A. Study of finger capillaries in schi-
zophrenia and manic depression psychoses. J Nerv Ment Dis
1948;108:91—108.


	Capillary microscopy and hemorheology in �children during antiepileptic monotherapy with �carbamazepine and valproate
	Introduction
	Method
	Results
	Discussion
	References


