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1. ÚVOD

��*20�@� B2F$*� *��(2&�(�6��&$� F$� B1$�3�B�3G� 70�(@J� M�P� 3� =QJ� 702�$04+� �G�2���� 5$7$0��$04� B2�

28F$36� �($3�4'2� 28G'6� S�����*$*� W�(3$-$*� B2B�76F$� 
�(&$��2� 
��B�X'�� Z3�[7�23�0[\�

7B2F$�4� *$#�� 0$B��*�� �� P4��*�� 3�B��&4&'� P�8� �� ��#@3[� F$� 3�[7$)��&$*�� ]&�B����(�$7^. V roce 

=_;<� #47�[3[� �28$�236� &$�6� 	6X670� �(2X'� #�� 28F$3� ($X6��&$� ��B��[(�4'2� B(`02�6� 6�

kosterního svalu. Souhrnné práce, popisující poškození mikrocirkulace u diabetu mellitu, se 

objevují od 70. let minulého století a celkové množství publikací roste exp2�$�&�[��G� – v 

726)�7�270��09*G1�w<<<�)�[��`�($X�70(23��@&'�3�
$5���$J


��(2&�(�6��&$� 8@3[� 5$y��23[��� F��2� 76*�� &93� 2� *$�/4*� B(`*G(6� �$P� =<<� *��(2*$0(`+�

#�'(�6F$� �(0$(�2�-+� B($��B��[(�4� 73G(�)$+� ��B��[(-� �� 3$�6�-J� �G0/��G� �2�3$�)�4&'�

3-/$0123�&4&'�*$025� F$ 52706B�[� �2P�4�*��(2&�(�6��&$+� F$F4P� 1$)�/0G� F$�6�2P$�2�3�5$(*�7�3$�

5326�B�$0$�4&'J��(3�4+�768B�B��[(�4�B�$0$%+�7$���&'[#4�8�4#�2�(2#'(��4�$B�5$(*�7{5$(*�7�&&��3�

'�268&$� |<<� *��(2*$0(`� B25� B23(&'$*� �`P$� �� F$F4� '��3�4� y6��&4� F$� 3@P�3�+� 5(6'[+� �2P�4�

B�$0$%� je uložena v cca 1,5 – ;� **� '�268&$J� �8G� B�$0$�G� F726� B(2B2F$�-� 7B2F��*�+� �0$(9�

#$F*9���3�0$(*��[��4&'�)[70$&'�0G���]6/�+�(0-+�814/���B(70`+��B25J^�B��4�y6��&��0$(*2($X6��)�4&'�

	��7'6�0`J

Obr. 1. Schéma kožní mikrcirkulace (Ackerman et al, 2005)
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2. MIKR�
����"	
���������	�ETICKÉHO PACIENTA

�� 5��8$0��`� – nezávisle na typu diabetu – 52&'[#4� �$� #3@/$�4� &$��239'2� �2P�4'2� B(`02�6+�

#[(23$%�F$�7�4P$��B(`02���60(�0�3�4*����B��[(�*��3$�7(23�[�4�7$�#5(�3@*��2728�*��]!�-���$0�

al.). U diabetické neuropatie je i klin�&�-��2�)$0���� 0$B�$F/4+� B�$0-7*2X(�y�&�-� F726� #�[*�-�

3-//4�B$(y�#$J� ��02� 7�60$)�270� F$� 52�2P$��� 1�526�B(�&4� – ��B1J� �$00$��$0� ��J� #F�70���� #3@/$�@�

&$��23@�B(`02���(3$��`P4�6�B�&�$�0`�7� 5��8$0�&�26���(5�23�7�6�[(�4� �602�2*�4��$6(2B�0�4� –

(26,2 ± 2,2 PU pro0�� =�+=� �� ;+<� ��� 6� #5(�3@&'� �2�0(2�^+� #[(23$%� 3-//4� B2)$0� 3�5�0$��@&'�

��B��[(� �� 3-//4� (-&'�270� �($3�4&'� $�$*$�0`� B1�� ��B���(27�2B��J� "�!�72�5�� 8-���6*470G��� ���

814/�6� B��&$+� 3� *470G� 7� 3-72�@*� B2)0$*� 	�� 7'6�0`J� !6��)�4� #*G�-� *��(2&�(�6��&$�

B(�35GB2528�G�B14��/��$#[3�74����528G�0(3[�4�5��8$06�- Houben et al. nalezli zvýšené hodnoty 

�2P�4� B$(y�#$� 6� B�&�$�0`� 7� �([0�26� 52826� 0(3[�4� 5��8$06� 3$� 7(23�[�4� F��� 7$� #5(�3@*��

kontrolami, tak s pacienty s delší dobou trvání diabetu.

V obdobné práci (Stansberry), kde byla *G1$���B$(y�#$����52(#6��2'-+��$8-�-�B2#2(23[�-�

7�X��y����0�4� #*G�-� B$(y�#$� #�� 8�#[��4&'� B25*4�$�+� B1�� 70�*6��&�� 0$B�2026� ]���
^� 52/�2� 6�

#5(�3@&'� �� �[(`706� B$(y�#$+� 6� 5��8$0��`� 8-�� 0$�02� �[(`70� 70�0�70�&�-� 3@#��*�G� ��P/4J� �1��

B2(23�[�4� #*G�� B$(y�#$� B25�$� 3G�6� 768F$�0`� 8-��� ���$#$��� 3-72&$� 7�X��y����0�4� �$B14*[�

�*G(�� *$#�� 3G�$*� �� �[(`70$*� B$(y�#$� 6� #5(�3@&'� 2728+� B2528�[� #[3�7�270� 6� 5��8$0��`�

#F�/0G����$8-��J�

�2#54�`*�*$#��B2'��34*��7$�*�*2�F��9�3G�6F$�B([&$���(��y$��$0���J+��5$�8-�2�3-/$0123[�2��|�

B�&�$�0`+�#5(�3@&'�528(232��4�`���B�&�$�0`�7��2*B���23��@*����$�2*B���23��@*�5��8$0$*�

*$���0$*J�"�!�3-/$01$�4*�B2702��6#�3�4�($��0�3�4�'-B$(9*�$�8-���#F�/0G�����P/4�'-B$(9*�$�6�

5��8$0��`+�)�7���527�P$�4�*���*[��4�'-B$(9*�$�8-��5$�/4�6�*6P`J��2#54�-�*$#��#5(�3@*���

5��8$0��-�8-�-���P/4�6�P$�+�#1$F*G�3#'�$5$*���B(20$�0�3�4*6��)���6�$70(2X$�`J

�#0�'$*���#6���239�7$�#�0�3�0-+��($3�4'2�0���6���B�(�*$0(`�*��(2&�(�6��&$�7$�#�8@3����B([&$�

]�$(�9� $0� ��J^+� �5-� 8-��� 6� #5(�3@&'� �2(*20$�#�4&'� 528(232��4�`� '-B$(��#6���$*�&�@*�
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euX�-�$*�&�@*� &��*B$*� �$FB(3$� #F�/0G��� 7$�#�0�3�0�� �� ��#6�4�6J� �[7�$5�G� 8-��� *G1$���

perfúze pomocí LDF, vazodilatace indukovaná iontoforézou acetylcholinu a nitroprusidu 

725�9'2� �� ��B���(27�2B�&�-� 5$�#�0�� ��B��[(J� ��#25���0�)�4� 25B23G�� ��� �2�[��4� B25[�4�

acet-�&'2���6� 7�X��y����0�G� B2#�0�3�G� �2($�23���� 7� ��#6���2326� 7$�#�0�3�026� �� 70�0�70�&�-�

�$3@#��*�G� �$X�0�3�G� 7� B(`*G(�@*� 7-702��&�@*� �($3�4*� 0���$*� 8G'$*� B1$5&'[#$F4&4� ;�-

'25��239� *2��02(�&$J� �2*G(� B�7-82�-� ]SW�^� 7�X��y����0�G� �$X�0�3�G� �2($�23��� 7�

inzulinov26�7$�#�0�3�026+���3�725���0�&4�#B`728$�26��&$0-�&'2���$*J

�0�3� *��(2&�(�6��&$� B25�$� �G�0$(@&'� B(�&4� #[3�74� ��� 5�26'25289� �2*B$�#�&�� 5��8$06+� F$'2�

#'2(/$�4�B2B�76F$�M�(�$7�2X�$0���J�6�B�&�$�0`�7�&'(2��&�26�5$�2*B$�#�&4�5��8$06�]W8	=
���

Q+|^+� B270�P$��� B1$5$3/4*� B2702��6#�3�4� ($��0�3�4� '-B$(9*�$+� �5$� 6� 5��8$0��`� 52&'[#4� ��

B(25�26P$�4���7�4P$�4��*B��065-�25B23G5�J��2�#�$B/$�4��2*B$�#�&$��#$�2)$�[3�0� ��B2#�0�3�4�

$y$�0����&93�4�1$)�/0G��F���6��#6F$���70(6B�$0���J+�y6��)�4��8�2(*���0-�*��(2&�(�6��&$��`P$�6�

diabe0��`� F$� *2P�2� �2(*���#23�0� 0G7�26� �2*B$�#�&4� 5��8$06+� ��� (2#54�� 25� �$3(�0�@&'�

*2(y2�2X�&�@&'�#*G�+��0$(9�F726�5[�-�#0�6/0G�26�8�#[��4�*$*8([�26���B��[(�]S�����*72��$0�

��J^+�#3@/$�26�06'2704�B($��B��[(�4&'�&93�4&'�70G��#B`728$�26�#3@/$�26�X�-�27-��&4�B(20$��`�

��032(826�B2#5�4&'�B(256�0`�X�-��&$�]
6���(�$-�$0���J^J��2528�9�3@7�$5�-�6��#6F�$���B([&$�

"$��$3$'�0�$0���J+��5$�6�B�&�$�0`�7�&'(2��&�26�5$�2*B$�#�&4�5��8$06�8-�-�#F�/0G�-�#*G�-�3�

��B��[(�4*�1$)�/0���B2�#�'[F$�4���#6���239�0$(�B�$�52/�2���($X($7��0G&'02 #*G�J

Lokální mikrovaskulární regulaci narušuje i endoteliální dysfunkce (Furchgott, Stehouwer et 

��J^J� �� 5��8$0��`� F$� 09P� B270�P$��� B$(�y$(�4� 3�72*2&$� ]7B2�0[��4� (-0*�&�[� 27&���&$� B(`*G(6�

�(0$(�2����3$�6���2�$*�701$5�4�'25�20-+�F$F4P�y-#�2�2X�&�@��)$��F$ #�04*��$F�7�@+�B1$5B2��[5[�

7$� B254�� ��� 14#$�4� B(`02�6� �(3$� ��B��[(�*�^J� �0([0�� 0G&'02� �4#�2y($�3$�)�4&'� �� 7�4P$�4�

amplitudy vasomoce koreluje se ztrátou tence myelinizovaných C vláken (Stansberry et al.). 

�2(6&'-� 3�72*2&$� 6� 5��8$0��`� B2B�76F$� �� B([&$� ]
$-$(� $0� ��J^+� �5$� 6� 5��8$0��`� =J� 0-B6�

�$X�0�3�G��2($�6F$�'��5����X�-�23��9'2�'$*2X�28��6�7��*B��06526�3�72*2&$�]3�B[7*6�|-8 
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W#^J� 	*B��065�� 3�72*2&$� 8-��� B14*2� �*G(�[� 3@/4� 7-702��&�9'2� �� 5��702��&�9'2� �($3�4'2�

0���6J���5��8$0��`�;J�0-B6��$8-���B2#2(23[���7�X�ifikantní korelace. 

Porucha mikrocirkulace souvisí s neuropatickým postižením, což demonstruje i studie 

]S��$�7��^+� �0$([� #�26*���� *��(2&�(�6��&�� 6� 5��8$0��`� =J0-B6� 8$#� #�[*$�� 7-�5(2*6�

5��8$0�&�9��2'-+�(2#5G�$�@&'�52�5326�7�6B���B25�$�B1402*�270��B$(�y$(�4��$6(2B�0�$J�
G1$�9�

B�(�*$0(-� ]���523[� B$(y�#$+� 25B23G�� ��� #�'1[04+� B2702��6#�3�4� '-B$(9*�$^� 3-��#23��-�

7�X��y����0�4� #*G�-� 6� B�&�$�0`� 7� �$6(2B�0�4+� �5$� 8-��� B(25�26P$�[� �� ��P/4� *���*[��4�

B2702��6#�3�4�'-B$(9*�$�����P/4�($��0�3�0������2�[��4�#�'1[04J

Ve 3@/$� #*4�G�@&'� 7065�4&'� 8-��� �$� 7�$523[�4� *��(2&�(�6��&$� B26P�0�� B1$5$3/4*� ��7$(23[�

dopplerometrie, výhodná je kombinace s transkutánní oximetrií, jejíž výsledky korelují se 

#*G��*�� 3� �60(�0�3�4� )[70�� 1$)�/0GJ� �([&$� ]��*�-^� B2(23�[3���� '25�20-� 0&B�;� ]3�$P$) u 

B�&�$�0`� 7�5��8$0$*�;J0-B6�7��$6(2B�0�4+� ��$�8$#�#�[*$�� 7-�5(2*6�5��8$0�&�9��2'-�]�+<����

0,52 kPa), s diabetiky bez neuropatie (7,14 ± 0,43 kPa) a zdravými kontrolami (8,10 ± 0,44 

���^J��-�2�#F�/0G�2�7�X��y����0�4�7�4P$�4�B�(&�[��4'2�0���6��-7�4�6�6�B�&�$�0`�7��$6(2B�0�4����

(2#54�� 25� B1$5&'2#4&'� 5326� 7�6B���� 25&'-��-� 8-�-� �$F3G0/4� 3� �$P$J� �2#54�� 3@7�$5�`�

3�$P${37$5G�F$�3@(�#�G�3-//4�6�5��8$0��`�7��$6(2B�0�4J

�-6P�04�"�!���B($5��&��3#���6�7-�5(2*6�5��8$0�&�9��2'-�8-�2�B1$5*G0$*�7065�$�]
288^+��5$�

byly vý7�$5�$*�7�X��y����0�G���P/4�'25�20-�"�!�6�B�&�$�0`�52765�8$#�5$y$�0`+���$�7�&93�4*��

�2*B����&$*�� �$82� �$6(2B�0�4� ]
288^J� �$X�0�3�4� 3@7�$5�-� B1��$7��� B([&$� "����� $0� ��J+� �5$�

8-�2� Q�� B�&�$�0`� 7$� 7-�5(2*$*� 5��8$0�&�9� �2'-� 3-/$01$�2� 3�5$2��B���(27�2B�&�-+� 8-��

#*G1$�� 0(��7�60[��4� 0���� �� "�!J� ��&�$�0�� 8-��� (2#5G�$��� 52� w� 7�6B��� B25�$� $0�2�2X�$� –

neuropatické, cévní a smíšené. Nebyly zaznamenány významné rozdíly ani v jedné z 

B26P�0@&'�*$025J����/4*�3@706B$*�0902�B([&$�F$�#F�/0G�4+�P$�*G1$�4� 0&B�;�B1�� 0$B�20G�72�5y 

wQ�
��$�4�5270�0$)�G�($B(256�23�0$��9+�F$��60�2�*G1�0�B1�����
J�
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�&B�;� 7$�)�70GF�� B26P43[� ��B2726#$�4� '2F$�4� 5$y$�0`�6�5��8$0��`+� 52765�B68���23��9�B([&$�

3G0/��26� 70��236F4� F��2� &60-2y� '(���&�� B(2� B(�35GB2528�9� '2F$�4� 5$y$�0`� w<**WXJ� �2765�

nepublikovaná B([&$� ]�'$yy�$�5+� ����$�^� 6��#6F$� 3@#��*� B(232��)�4'2� 0$706� 7� 5@&'[�4*�

)�709'2��-7�4�6�– B�&�$�0�+��0$14�527['���532F�[728�9�'25�20-�0&B�;�3$�7(23�[�4�7����523@*��

B25*4���*�+�*G���70�0�70�&�-�3@(�#�G��$B/4�B(2X��#6J

��F4*�3@*� 3-�$B/$�4*� 3@/$� 63[5G�@&'� *$02d k diagnostice souvislostí neuropatie a 

��X�2B�0�$�F$�B26P�04��2�02y2(9#-J��([&$�]	(2(��$0���J^�B2(23�[3����($��&��B$(y�#$����#�'1[04���

��� �2�[��4��B����&���&$0-�&'2���6�]B`7284�3�#25���0�&��B1$7�
-vlákna) a nitroprusidu sodného 

]B`7284�B14*2����$�520$�^�B2*2&4��2�02y2(9#-J���&�$�0��8-���(2#5G�$���52�w�7�6B���– diabetici 

(1. i 2. typu) s periferní neuropatií, diabetici (1. i 2. typu) bez neuropatie a zdravé kontroly. U 

B�&�$�0`� 7��$6(2B�0�4�52/�2���3@(�#�G���P/4*6�#3@/$�4�B$(y�#$�B2�#�'1[04� ]���
+�;<*��^��a 

B1$5�2�04� �� ��� �2#$� 3$� 7(23�[�4� 7$� #5(�3@*�� �2�0(2��*�� �� 5��8$0��-� 8$#� �$6(2B�0�$+� *$#��

�0$(@*���$8-�-�70�0�70�&�-�3@#��*�9�(2#54�-J���#5(�3@&'�528(232��4�`�8-���($��&$����B25[�4�

�&$0-�&'2���6� �� ��0(2B(67�56� *$�/4� ��� �2#$� �$P� ��� B1$5�2�04+� 6� B�&�$�0`� 7� �europatií rozdíl 

#�&'23[�� ]B1�� 7�4P$�@&'� 2826� '25�20[&'^J� �$B14*[� 3�725���0�&$� B1�� B26P404� �&$0-�&'2���6�

]*G1$�[����(2#54��25�B14*9�"�!�72�526�3�8�4#�270���2�02y2($0�&�9��2*`(�-�– cca 5mm) byla 

3@(�#�G� 7�4P$�[� 6� �$6(2B�0�4+� )[70$)�G� 7�4P$�[� �� 6� 5��8$0��`� 8ez neuropatie. Podobné 

výsledky ukazuje i práce Morris et al.

���3$*�2��56�567�9'2���B(270�X���5��`�����($3�4�B(`02��7$�#�8@3����B([&$�]�3��5���$0���J^+�

�5-� 8-��� 6� #5(�3@&'� 528(232��4�`� *G1$��� ��7$(-52BB�$(2*$0(�&�-� B$(y�#$� B1�� �2�02y2(9#$�

acetylcholinu a ��0(2B(67�56J��[(23$%�8-���B(23$5$���y($�3$�)�4�����@#��3@7�$5�`J��@7�$5�-�

6�[#��-+� P$� �2P�4� B$(y�#$� #�� 8�#[��4&'� B25*4�$�� F$� )[70$)�G� 23��3%23[��� B1$7� ��+�

�$B(2�[#����23��3%23[�4�&$7026�$�52X$��4&'�B(270�X���5��`J

�5B23G����� �2�02y2(9#6��&$0-�&'2���6�8-�� 70�0�70�&�-�3@#��*�G�3-//4��$P�6���0(2B(67�56���

5$�2��#23��9�325-+�B26P�09�F��2�B��&$82�]W�*5-�$0���J^J���#5(�3@&'��2�0(2����5��8$0��`�8$#�
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�$6(2B�0�$� F$� B254�� 3�725���0�&$� ��56�23��9� �&$0-�&'2���$*� &$7026� �$6(2��2�[��4� 25B23G5��

zhruba 1/3 z celkové. U dia8$0��`�7��$6(2B�0�4�F$�3@#��*�G���P/4J
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3. VLIV INZULÍNU NA PARAMETRY MIKROCIRKULACE

��B27�$5�4&'��G�2�����5$7$0��$04&'�7$���&'[#4�*�2'2�5`��#`�2�B2#�0�3�4*�3��36���#6�4�6����

B(2X��#6�B�&�$�0`�3�0GP�9*�70�36+��$�4�#�04*�#&$���F�7�9+�#5��7$�F$5�[�B14*2�2�$yekt inzulínu 

�$82� #5�� F$� B14)��26� �2(*2X�-�9*�$� ]����$��$(X'$+� 
��*8$(X^J� �y$�0� ��#6�4�6� ���

*��(2&�(�6��&����04*����3#�����$82�B(2X($7��B2#5�4&'��2*B����&4�5��8$06�F$�B1$5*G0$*�1�5-�

publikovaných prací.

�� $�B$(�*$�06� ��� #341$0�� 8-�2� B2#2(23[�2� ]��$77$�7^+� P$� �9)8�� ��#6�4�$*� ]=� *G74&^� 6�

5��8$0�&�@&'� B20���`� #�$B/���� B(2�(3$�4� �$(36� ]�J� �7&'��5�&67^� *G1$�9'2� B2*2&4� "�!��

#[(23$%�52/�2���7�X��y����0�4*6�#�$B/$�4�325�3270��*202(�&�@*����7$�#2(�&�@*��3�[��-J

���3� ��#6�4�6� B25[3[�9'2� ��0(��(0$(�[��G� ��� '$*25-��*��6� ]�$5�^� 8-�� B1$5*G0$*� 7065�$+�

�5-�#��B25*4�$��532F�0G�7�$B9�7065�$�8-��#5(�3@*�*6P`*��B���23[���2�[��G��([0&$�B`7284&4�

inzulín do brachiální artérie rychlostí 1 a 5 mU/min po dobu 90 minut. Pletysmograficky byl 

*G1$�� �($3�4� B(`02�J� �-//4� 5[3��� ��#6�4�6� #B`728���� 3$� 7(23�[�4� 7� B��&$8$*� 70�0�70�&�-�

významnou vasodilataci (20%). Podání inzulínu + L-glukózy (metabolicky neaktivní 

70$($2�#2*$(^��$#B`728��2�#3@/$�4�3�725���0�&$�B(20��7�*20�9*6���#6�4�6+��B����&$���#6�4�6�£�

D-glukózy vyvolalo vyšší zvýšení perfúze v porovnání se samotným inzulinem (47% proti 

B��&$86^J���y�#$�X�6��#-�7�*��2�728G��$*G���#���[7�$5$��7�X��y����0�4�#*G�-�3�B(`02�6��(3$J

�22�$� $0� ��J� #�26*��� $y$�0� ��#6�4�6� 6� 5��8$0��`� =J� 0-B6� B1�� B26P�04� 5326� (`#�@&'� (-&'�2704�

��y�#$� ]=+|6{'+� =|6{'^+� B1�� �4P/4� 5[3&$� ��#6�4�6� 3#$706B� B(`02�6+� B1�� 3-//4� B2��$7� ]"�!^+�

��B���(27�2B�&�-�B(`02��(270$���B1��3-//4�5[3&$J�W-B$(��#6���9*�$�#1$F*G�3$5$���($5�70(�86&��

B(`02�6� 3$� B(27BG&'� �60(�0�3�4&'� ��B��[(J� �$#[3�7�@� $y$�0� ]25� '2(*2�[��4� ��0�3�0-^� ���

mikrocirkulaci. Inzulin pusobí vazodilataci kožních kapilár - *G1$�2� "�!+� ��B���(27�2B�4+�

reaktivní hyperémie po 60s arteriální (200mmHg) a 30s venózní (50mmHg) okluze. V jiné 

B([&�� ]�0(����$�� $0� ��J^+� �5$� B(284'��2� *G1$�4� 6� #5(�3@&'� 528(232��4�`� 8G'$*�
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hyperinzulinemic�9'2� $6X�-�$*�&�9'2� &��*B6� 7� 01$*�� B2706B�G� ��(`70�F4&4*�� '��5���*��

��#6���9*�$� ]�=� �� ;+� =w_� �� �+� ��;� �� =|� *�{�^+� 8-�� #�#��*$�[�� �[(`70� B$(y�#$� *G1$�@�

B�$0-7*2X(�y�&�-+� 52/�2� �� 70�0�70�&�-� �$3@#��*�@*� #*G�[*� �2P�4'2� B(`02�6� *G1$�9'2�

"�!J� �[(23$%� 8-��� *G1$�a arteriovenózní diference glukózy, která dosáhla maximální 

'25�20-�B1���$F��P/4���#6���9*���]�=���;�*�{�^+�5[�$�8-����2�70��0�4J

�1�� �2�0��6[��4*� B25�2P�4*� B25[3[�4� ��#6�4�6� ]
���^� 52&'[#4� 8G'$*� _� 5�`� �� ($5�70(�86&��

kožní perfúze ve smyslu zvýšení rychlos0����B��[(�4'2�B(`02�6���B2��$76�287�'6��-7�4�6�3$�

3$��#�4��(3�+�&2P���#��)6F$�)[70$)�@�6#[3G(��(0$(�23$��#�4&'�7B2F$��]�-**7�$0���J^J

�(28�9*+� #5�� B2#�0�3�4� $y$�0� ��#6���6� ��� B$(y�#�� F$� #B`728$�� #3@/$�26� 60���#�&4�

glukózy nebo jestli se jedná o samostatn9� B`728$�4� ��#6�4�6� F��2� 0��239'2� �$�4� #�04*�

67B2�2F�3G�3-1$/$�J��2*2&4�8-�*2'�2�8@0�3-6P�04��2�[��4��B����&$�B2*2&4��2�02y2(9#-J��$(�$�

$0� ��J� B2B�76F$� $y$�0� �2�[��G� B25[3��9'2� ��#6�4�6� B2*2&4� �2�02y2(9#-� 6� #5(�3@&'�

528(232��4�`J� 
G1$�4� B(284'��2� 8G'$*� '-Berinzulinemického euglykemického clampu a 

*470�4�B25[�4���#6�4�6�B2*2&4���025239��2�02y2(9#-�#B`728��2�(-&'�@��[(`70��2P�4�B$(y�#$�]#�

33,2 ± 7,9 na 59,7 ± 26,7 PU) ve srovnání s nižší reakcí u kontrolní skupiny (z 35,0 ± 13,5 na 

46,7 ± 20,4 PU). Na rozdíl 25�'-B$(��#6���9*�$��$*G�2� �2�[��4�B25[�4� ��#6�4�6�7-709*239�

�)���-� ]�$52/�2� �� 7�X��y����0�4*6� #3@/$�4� &$��239� B$(y�#$� �2�)$0��-+� *G1$�9�

pletysmograficky).

�14�27$*� B(2� �9)86� B2#5�4&'� �2*B����&4� 5��8$06� *2'26� 8@0� �� �[7�$56F4&4� B([&$� 7'(�6F4&4�

3@7�$5�-�B1��použití jiných farmak.

�6�25$��5� ]�$77$�� �6$� !^� 3� �2*8���&�� 7� ��#6�4�$*� B2� =<� 0@5$��4� �9)8G� #3-/6F$� B(2&$�02�

#'2F$�4� 5$y$�0`� 6� B�&�$�0`� 7� 5��8$0�&�26� �$6(2B�0�4� ]�28���^� �� #�(�&6F$� 5286� '2F$�4� ]_;¤�

#'2F$�@&'� 5$y$�0`+� B(`*G(�G� ��+�� 5�`� '2F$�4^� 3$� 7(23�[�4� 7 �9)826� 7�*20�@*� ��#6�4�$*�

]�w¤� #'2F$�@&'� 5$y$�0`+� B(`*G(�G� �w+<� 5�`� '2F$�4^J� �2#2(23[�-� 7�X��y����0�4� #�[*�-�

zlepšení postokluzivní reaktivní hyperémie (LDF). V podobné studii se sulodexidem, do které 




�&'�� ��( )*�+ �� -/$ 0 1 23�&4 �*$025 -�*� �( 2&� ( �6 ��&$ �6 � 7-�5( 2*6�5 �� 8$ 0 � &�9 � �2' -+ �;<=<

10

8-��� #�1�#$��� B�&�$�0�� 7� 0GP�@*�� �$�(20�&�@*�� 5$y$�0-� DK u syndromu diabetické nohy 

]�3$06�'��^�8-��#�#��*$�[��B2��$7�'��5��-�y�8(��2X$�6�3�B$(�y$(�4��(3�+�7�4P$�4�B(`02�6�	��

7'6�0-���#�$B/$�4���B��[(�4'2�B(`02�6���0�[%239�2�-X$��&$�5�$�"�!���0&B�;J��6�25$��5�#�04*�

�$�4�8GP�G���5��23��26�B25B`(�26��9)826�6�7-ndromu diabetické nohy.

�2���0@5�-�0(3�F4&4��2�[��4��9)8G�X$�2326�7*G74��$7&��6���'$B�(��6�]�77�3$��X$�^�6�5��8$0��`�7�

�$6(2B�0�4�52/�2���7�X��y����0�4*6�B2��$76�&$��239�B$(y�#$�*G1$�9�"�!�������3$�7(23�[�4�7�

B��&$8$*� ]�$� ���&0�7^J� �*G�-� B1$0(3[3��-� =� 0@5$�� B2� 6�2�)$�4� �9)8-J� �� B2528�9� 7065��+�

0(3�F4&4�;�0@5�-+�52/�2������[(`706�0&B�;�]
$7�(2�$^J
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4. V�������	
��
������
����
����"	
������

4.1. Transkutánní oxymetrie (tcpO2)
�(3�4� #�6/$�270�� 7� *G1$�4*� 287�'6� �-7�4�6� 3� 0�[��� B2&'[#$F4� #� �<J�$0� ;<J� 702�$04� #� �SA. 

��(2#54��25�8GP�G�B26P43��9'2�*G1$�4�7�06(�&$��2, které stanovuje fotometrickou metodou 

procento hemoglobinu s navázaným kyslíkem z celkového hemoglobinu v krvi, stanovuje 

0&B�;�B14*2�287�'��-7�4�6�5�y6�56F4&4'2�0�[�4�52�B23(&'23@&'�3(70$3��`P$J��26P43á k tomu 

B2��(2X(�y�&�@� B(��&�B� *G1$�4+� �5-� F$� 72�5�� 0G7�G� B1��2P$��� ��� �`P�� �� $�$�0(25�� 7$� B1$7�

�2�0��0�4� (2#02��B14*2�520@�[�B23(&'6��`P$J�
���*[��4� 3�#25���0�&$� 7$�527�'6F$� #�'1[04*�

���0$B�206�52��|�
�]3-//4�0$B�20���$*[�#���[7�$5$��3@(�#�GF/4�3�#25���0�&������34&�*`P$�8@0�

�$B14F$*�[� B(2� B�&�$�0�^J� �&B�2 �#$� B26P40� 7� 6()�0@*�� 3@'(�5�*�� F��2� *�(�$(� B(`02�6�

�60(�0�3�4*�� ��B��[(�*�� ]#�� B1$5B2���56� #�&'23[�4� �2�70��0�4&'� 3�GF/4&'� B25*4�$��

experimentu). V klinické praxi se dnes tcpO2 (60���G�3-6P43[�3��G�2���a indikacích, dokonce 

�� 3� ��� F$� F�P� 7&'3[�$��� �'(�5�� B2F�/¥23�26J� �� '�$5�7��� B25��0(�$� F$� �$F)�70GF/4� �B����&4�

0(��7�60[��4� 2�-*$0(�$� B2726#$�4� 3��8���0-� �� *2P�270�� #'2F$�4� 0�[�4� B1$5� �*B60�)�4*��

výkony, dále posouzení efektu intervence na makrocirkulaci (angioplastika, bypass), event. ke 

#F�/0G�4� ($��0�3�0-� 0�[�4� ]�� 04*� B1$5B2��[5��9� $y$�0�3�0-^� '-B$(8�(�&�9� 2�-X$�20$(�B�$J�

Shrneme-���B(2�B(��0�&�9�3-6P�04���0$([(�4��5�F$+��#$�14&�+�P$�6�3��8���4�0�[�G�0(��7�60[��4�0����

�-7�4�6�B1$3-/6F$�w<**WX�]�<�**WX^+�B14B�5�G�B1��35$&'23[�4�)�709'2��;����523@�0&B�;�

7026B�$���$7B2%����532F�[728$�J

*�+���!-�#���/�����"��/��
�$��3�#43�4� *G1$�4� B2*2&4� 2B0�&�9� *��(27�2B�$+� B14B�5�G� 7B2F$�9� 7� B2)40�)23@*�

3-'25�2&$�4*� B2)06� �� (-&'�270�� B2'-86� $(-0(2&-0`+� F$� B23�P23[�2� #�� #��tý standard v 

'25�2&$�4� �60(�0�3�4'2� #[728$�4� 0�[�GJ� �$��26� 3@'2526� F$� 7B2F$�4� ��B���(27�2B�$� 7�

273G0�$�4*�0�[�G�B2��(�#23��@*�#$�$�@*�73G0�$*+�B1�)$*P�B2#2(6F$*$�B1$7�y��0(�7�B276�6026�
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(23��26� B2��(�#�&$� 2� _<�J� �4*� 52F5$� �� B20��)$�4� 25(�#`� 25� 0�[�G� 3$� B(27BG&'� 25(�#`� 25�

B2'-8��3@&'�$�$*$�0`J��$3@'2526���B���(27�2B�$�F$�F$F4�2*$#$�4�3�B(����'��3�G������B��[(-�

�$'0239'2� �`P����� ($��0�3�4�B(�&�270� 3-/$01$�4J���B���(27�2B�$� 0��9� �$#28(�#6F$� � 7B2�$'��3G�

'�68/4�B�$0$�GJ

!202B�$0-7*2X(�y�$+�*$025���0$([�*G14��872(B&��73G0���B(2&'[#$F4&4'2�0�[�4������F$F4*�#[���5G�

($��0�3�4�B$(y�#�+�*[�3�5�$/�4�528G�2*$#$�9�3-6P�04J

4.3. Laser-doppler flowmetrie (LDF) 
Neinvazivní metoda na principu podobném klasickému ultrazvukovému doppleru. Optickým 

3�[��$*�F$�52�72�5-�B1�3$5$� ��7$(23@�B�B(7$�+��0$(@�F$�)[70$)�G��872(823[��0�[�4+�#)[70��7$�

25([P4J� �1�� 25(�#6� 25� B2'-86F4&4&'� 7$� )[70�&� ]�($3�4� 86%�-^� 7$� *G�4� F$'2� 3��23[� 59���� ���

#[���5G�y[#239'2�B276�6�- �2BB�$(`3�B(��&�BJ��$���270�#*G�-��� F$F4�y($�3$�)�4�(2#�2P$�4�F$�

B14*2��*G(�9�(-&'�270��B2'-86F4&4&'�7$�)[70�&���F$F�&'�B2)06J�"�7$(2326�52BB�$(2*$0(�4��$�#$�

B1$7�G� 70��23�0� �872�60�4� 3$���270� B(`02�6+� ��*G1$�@� y($�3$�)�4� B276�� F$� #[3�7�@� ���

3��70�270$&'�0�[�G+��0$(9�7$�6���P59'2�768F$�06���/4J��@706B$*�F$�'25�20��B$(y�#$+�*G1$�[�v 

PU (perfusion units) - 8$#(2#*G(�9�)47�2J�

W�268���*G1$�4� F$� #[3�7�[����3#5[�$�270��2B0�&�@&'�3�[�$��3-74��)$� ��7$(239'2�73G0��� ]5[�$�

0(��7*�00$(6+� ��^� �� B1�F4*�)$� ]($&$�3$(6+� ��^J� �4*� 3G0/4� F$� 0�02� 3#5[�$�270� ]3� ��X��&�9�

��0$(�061$�\y�8$(�7$B�(�0�2�¦^+�04*�3G0/4�F$�527�'�72�5-J�W�268�6�*G1$�4�5[�$�23��3%6F$�3��23[�

59���� B26P�09'2� 73G0��� ])4*� 3G0/4� 3��23[� 59���+� 04*� 3-//4� 527�'� �� *$�/4� B1$7�270+� 8GP�G�

B26P43��9� B1470(2F$� 7$� B2'-86F4� 3�282(6� )$(3$�9'2� 3�5�0$��9'2� 73G0��� – cca 600-700 nm) a 

3��70�270��0�[�G ]�872(8&$�73G0��^J��GP�9�72�5-�*�F4�272326�3#5[�$�270�3�[�$��&&��<+;|�**�

]B(`*G(�2B0�&�9'2�3�[����<+=;|�**+�7�2&'(���@*�28��$*�<+;|�**^+�&2P�25B2345[�'�268&$�

*G1$�4�B$(y�#$�0�[�4�52�&&��=+<-;+<�**J�"�!��#$�0$5-�B23�P23�0�#��*�(�$(��2�[��4'2�B(`02�6�

vešker@*� &93�4*� 1$)�/0G*� ]�(0$(�2�-+� ��B��[(-+� 3$�6�-� �� �(0$(�23$��#�4� 7'6�0-^+� B1�)$*P� 7$�
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zkracující se osovou vzdáleností optických vláken a klesajícím objemem oblasti zájmu roste 

relativní podíl nutritivní perfúze.

Zvláštním typem jsou jednovláknové sondy, kd$�F$����[��B(2�0(��7*�00$(���($&$�3$(�7B2�$)�@J�

�@'2526� F$� �#�@� B(`*G(� 3�[���� �� F$5�256&'[� *���B6��&$� ]70$(���#�&$� �B25J^+� �$3@'2526�

�$*2P�270�B1$7�G�70��23�0�'�268�6�#�26*��9�0�[�G�]B(2��G�0$(9�B�B(7�-�F$�3#5[�$�270���{���

(23���B(`*G(6�2B0�&�9'2�3�[����– &&��<+|�**+�B(2��G�0$(9�7$���*�0�G�8�4P4�<^J

�#'�$5$*��$�7�60$)�270�+�P$��$�4�*2P�9�'25�20�0��872�60�4�'25�206�B$(y�#$+�B26P43[�7$�&$�[�

1�5�� B(232��)�4&'� 0$70`+� �5-� 7$� *G14� F�*�� 3-32���9� #*G�-� 3� B$(y�#�� 0�[�GJ� 
$#��

�$FB26P43��GF/4�B�014§�

- #�'1[04�����w-44°C

- okluze – 0-B�&�-��2�)$0��-�*��P$026�02�2*$0(6

- iontoforéza – B26P�04*�y�(*���23��3%6F4&4&'�B$(y�#��(`#�@*��*$&'���7*-�]3�#�5[�$^

- posturální – leg elevation test

- chlad – B1��*G1$�4���-��6523��y$�2*9�6

- elektrická stimulace – stimulace C vláken nízkými proudy


$#�� �$F8GP�GF/4� B(232��)�4� 0$70-� B26P43��9� ��� ��/$*� B(�&23�/0�� B�014� B1$5$3/4*� #�'1[04�

72�5-� ��� ���
+� �0$(9� 3$5$� �� 5���0�&�� �2P�4&'� ��B��[(� �� 04*� �� �[(`706� B$(y�#$+� 5[�$� 2��6#$�

�2�)$0��-�*��P$026�02�2*$0(6J���02*02�B14B�5G�F$��60�9�2��6#4�5osáhnout biologické nuly –

0#�J�#�70�3$�4�B(`02�6���B��[(�*�J��2��([0�9�528G�0(3[�4�2��6#$�];<7�– |�*��60^�7$�*G14�)�7+�

#��F���5�26'2�527['�$�B$(y�#$�*���*����'25�20��02'202�*���*��3#0�P$�[���'25�20G�B$(y�#$�

B1$5�B(23$5$�4*�2��6#$J�"�7$(23[�52BB�$(2*$0(�$�F$�($��0�3�G�0$&'��&�-��[(2)�[�3#'�$5$*���

3-72�9�3�(��8���0G�*G1$�4���3$��9�&�0��3270��]F$��60�9�2*$#�0�(6/�39�3��3-�– vibrace, konstantní 

0$B�20�� 3� *470�270�+� ���5�9+� 0�&'9� B(2701$54^J� �� '25�2&$�4� F$� 2804P�GF/4� 3#'�$5$*� ��

��0$(��5�3�56[��4*�(2#54�`*J�"�!�7$�#1$F*G�B(202�3������&�9�B(����#�04*�B26P43[�3@F�*$)�G�–
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3�B��70�&�9�&'�(6(X�����*2��02(�&��B$(y�#$�/0GB6���3�702*�02&'�(6(X�����B2726#$�4��7BG/�270��

($B���0�&$� #686J� �*G�6� 8-� *2'�-� B1��970� �239� 5�*$�#$� '25�2&$�4� "�!� #[#��*6+� �0$(9�

B1��[/$F4�#3�[/¥���y2(*�&$�2�$�520$��[��4*�B254�6�B2(6&'-�*��(2&�(�6��&$���#3�[/¥�2�B270�P$�4�

�602�2*�4� ��$(3�&$�&93�4'2� 1$)�/0G�– �¥�6P� y($�3$�)�4�����@#��#[#��*6��$82� �2�02y2(9#��7�

použitím acetylcholinu nebo nitroprusidu sodného. Ani pro jednu z uvedených modalit zatím 

nejsou k dispozici širší klinická data.

4.3.1. Iontoforéza
�2�02y2(9#��F$�*$025�+��0$([�3-6P43[�$�$�0(�&�9'2��[82F$��2�0`���6(-&'�$�4�F$F�&'�B(`���6�52�

0�[�G�]#���2(*[��4&'�2�2��2704+�8$#�3��36�$�$�0(�&�9'2�B(2656�8-�3701$8[3[�4��[0$��#�B23(&'6�

�`P$� 0(3��2� �G�2�ik desítek hodin). Využívá se dvou elektrod – první, s nábojem stejného 

#��*9����F��2�*[�B26P�0@��2�0+��0$(@�F$�02602�$�$�0(2526�25B6#23[����B1�0�'23[���$�5(6'9+�7�

�[82F$*� 2B�)�9'2� #��*9���J� �2&4�4� 7$� 0��� (-&'�$F/4'2� �� 3� )�7$� �2�70��0�4'2� 3701$8[3[�4�

zkoum��9� �[0�-J� �(2� 528(26� B2(23��0$��270� F$5�20��3@&'� *G1$�4� �� B(2� #�F�/0G�4� 70�8���4&'�

3��70�2704� 0�[�G� 8G'$*� *G1$�4� F$� �60�9� �2�02y2(9#6� B(23[5G0� #�� �2�70��0�4� 0$B�20-� 0�[�G�

]��B1J�w;�
^J��1��#�26*[�4�*��(2&�(�6��&$�7$�B26P43�F4��[0�-�B`7284&4����&93�4�1$)�/0G§�

- acetylcholin – F��2��$6(20(��7*�00$(�B`7284�&$7026�
�3�[�$�

- pilokarpin – 23��3%6F$�$�520$��&$7026���

- nitroprusid sodný – B`7284�B14*2����$�520$�

Velikost proudu procházejícího tkání se pohybuje mezi 100 – |<<�*��(2�*B9(`�– vyšší proud 

by aktivo3��� B14*2� 
-3�[���� �� 0$�02� $y$�0� 8-� #�($7�23��� #*G�6� B$(y�#$� #B`728$�26�

�2�02y2(9#26� 6()�09� �[0�-J� �2�02y2(9#�� *[� �� 739� �2�0(���5���&$� – B1$5$3/4*� B1402*�270�

�*B���0[0`� &�0��3@&'� ��� $�$�0(�&�9� �*B6�7-+� F��2� F$� ��(5�270�*6�[02(� �$82���(5�23$(0$(+� 5[�$�

poško#$�4��`P$�3�*470G�*G1$�4�]5$(*�0�0�5�+�6�&$(�&$^�����$(X�&�[�($��&$����B26P�026��[0�6�3�
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���*�9#$J��$&'��&�9�B(23$5$�4�F$��[(2)�9����B1470(2F239���B$(72�[��4�3-8�3$�4+�B(202�3-6P�04�

�2�02y2(9#-�#`70[3[�3-'(�#$�2�B(2�3@#�6*�9��)$�-J

4.3.2. Laser Doppler Perfusion Imaging
"�7$(��2BB�$(��$(y67�2���*�X��X�F$�0$&'�2�2X�$�#��2P$�[����#28(�#$�4�B$(y�#$�3G0/4'2�2�(7�6�

0�[�G�28528�@*�B(��&�B$*�F��2����7�&�[���7$(�52BB�$(�y�2�*$0(�$+���$�#��B2*2&��7�$�23[�4�

3#5[�$�@*���7$(23@*�B�B(7�$*J��@'2526�F$�3G0/4�#28(�#$�@�($X�on, nevýhodou nemožnost 

�2�0��6[��4�*2��02(�&$�#*G��B$(y�#$+���$�F$��#47�[�4�70�0�&�9'2�28([#�6J

4.3.3. Spektrální analýza vasomoce

Obr. 2. Vasomoce u zdravého pacienta (vlevo) a u pacienta s autonomní neuropatií (vpravo)

��72*2&$�F$�B$(�25�&�[�#*G���02�676�B($��B��[(�4&'�73G(�)`+��$#[3�7�[����0$B239�

y($�3&$�&�+�F$F4*P�'��3�4*�5`325$*�$��70$�&$�F$�B(�3�5$��@�&93�4�B(`02��3/$*����B��[(�*��

v situaci, kdy z 5`3256�B201$8-�2(X���7*6��$�4�20$31$�2�=<<¤���B��[(�]8GP�[�7�06�&$^J�

Dochází k pravidelnému a rytmi&�9*6�20$34([�4���6#�34([�4�B($��B��[(�4&'�73G(�)`+����

#[#��*6���7$(�52BB�$(�y�2�*$0(�$�7$�B(2F$36F$�F��2�27&���&$�3-//4&'�1[5`J���B$(�*$�0[��G�

8-���y2(*6�23[���(2#*$#4�y($�3$�&4+������&'P�7$�B254�4�(`#�9�0-B-�14#$�4�]�3$(*�2�W��$0���+�

Kvandal P et al, Benedicic M et al).

y($�3$�)�4�(2#*$#4

0,009 – 0,02 Hz endoteliální aktivita

0,02 – 0,06 Hz sympatikus

0,06 – 0,20 Hz vlastní myogenní aktivita

0,2 – 0,6 Hz ($7B�(�)�4��(-0*�$

0,6 – 1,6 Hz ��(5�[��4���0�3�0�+�#*G�-�3�5`7�$5�6�0$B6
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K 3-/$01$�4�3�72*2&$ F$�01$8��5270�0$)�G�5�26'@����523@�#[#��*�"�!+��5$[��G�B1���2(*J�

�2P�4�0$B�20GJ��[7�$5�G�7$������*G1$�[�5�0���B���6F$�(-&'�[�!26((�$(23��0(��7y2(*�&$J

4.3.4. Praktické aplikace LDF a transkutánní oxymetrie

��3#52(-� 7026B�F4&4*6� B2)06� B68����&4� 7� 09*�0$*� *��(2&�(�6��&$� �� F$F4&'� #*G�� 6� 5��8$06�

�$�4� #�04*� 3-/$01$�4� 3@/$� F*$�23��@*�� *$025�*�� 726)[704� 8GP�9� �����&�9� B(��$J� ��B(20��

02*6�*��(2&�(�6��&$�F$�3-/$0123[�������0$(3$�23[���8GP�GJ�W��3�4�5`325�02'202�(2#B2(6�0�34�

3� 0$&'��&�9� �[(2)�270�� 3-/$01$�4� *��(2&�(�6��&$� �� 3$� 7�2P�0270�� ��0$(B($0�&$� 3@7�$5�`+� 3�

�$$��70$�&�� F$5�2#��)�@&'� �2($*� �� 3� �$B27�$5�4� 1�5G� �$F726� 5270�0$)�G� B25�2P$�[�

52B2(6)$�4+�F���*��(2&�(�6��&����0$(3$�23�0J�

�0��23$�4� �2($*� "�!� B(2� F$5�20��39� 3G�239� 7�6B��-� #5(�39� B2B6��&$� �� B(2� �$*2&�9� 7

5��8$0$*� *$���0$*� 7�� 3-P[5[� 7065�$� ��� 3$��9*� B2)06� B�&�$�0`+� 6� 0(��7�60[��4� 2�-*$0(�$� F$�

situace v tomto ohledu jednodušší - za posledních 25 let jsou k dispozici data u více než 4500 

B�&�$�0`���7263�7�270�*$#��0(��7�60[��4*�0���$*��-7�4�6���B($5��&4�'2F$�4�F$�23G1$���]�(23$%�

5`��#6� �^+� B1$702P$� �$$��706F$� #�04*� F$5�2#��)�[� 7'25�� ��� &60-2y� '25�20G� ]w<**WX� {�

40mmHg).

���8�9� 3@7�$5�-� B1��[/4� 3-6P�04� ��7$(� 52BB�$(� y�2�*$0(�$+� B1$5$3/4*� B(232��)�4'2� 0$706�

#�'1[04*+� �� *G1$�4� y6��)�4� ($#$(3-� *��(2&�(�6��&$� �� F$F4� #*G�-� B2� ��0$(3$�&�� ���

makrocirkulaci. Zdá se, že zvýšení reaktivity mikrocirkulace také nastává velmi brzy po 

�B(�3G� P�320�4'2� 70-�6� 289#�4&'� �$*2&�@&'� 7� 5��8$0$*+� 5143$� �$P� 7$� #*G�4� 270�0�4�

*$0�82��&�9�B�(�*$0(-��3-6P�04�"�!�F��2�)�7�9'2�*�(�$(6�F$�0��9�B1$5*G0$*�3@#�6*6J

"9�-+��0$(9�8-�B14*2�23��3%23��-�*��(2&�(�6��&�+��$F726�#�04*������&�-�5270�0$)�G�23G1$�9J�

�� *��@&'� 7065�4&'� 73`F� $y$�0� B(2�[#���� �G�0$([� ��0�0(2*820���� ]76�25$��5^+� ��0�2��5��0-�

]B-&�2X$�2�^� �� �4#�2*2�$�6�[(�4� '$B�(��-J� �23G� F$� B1���[5[��� 3$��[� 5`�$P�0270�

polysacharidovému komplexu na endotelu cév, glykocalyxu, jehož poškození vlivem 
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2��5�)�4'2� 70($76� B1$5&'[#4� *2(y2�2X�&�@*� #*G�[*� ��B��[(J� ��y�#$� '-��6(2��5[#-� 3�

$�B$(�*$�06� ��� #341$0�� B2*['[� ($70�6(23�0� X�-&2&��-�+� B1$5&'[#$0� �$3(�0�@*� #*G�[*�

*��(2&�(�6��&$� �� #�$B/6F$� F$F4� ($��0�3�06J� ��520$��[��4� �� 5$70�)�239� ]��B1J� 8$&�B�$(*��^�

(`70239� y��02(-+� B23�P23��9� #�� 3$�*�� ��5GF�9� B(2� '2F$�4� 5��8$0�&�@&'� 5$y$�0`+� 3G0/4'2�

(2#/41$�4� �$527['�-J� �� B27�$5�4&'� �$0$&'� 7$� 3G�6F$� B2#2(�270� ��0�X2��70`m endotelinových 

($&$B02(`+� �0$(9� 7$� B254�$F4� ��� 3�#2�2�70(��&�� B1�� ��#6�4�239� ($#�70$�&�+� �5-� 7$� ��0�3�0��

($&$B02(`�B(2�0(2*82����	;�#3-/6F$�54�-�2��5�)�4*6�70($76J

"�7$(� 52BB�$(� y�2�*$0(�$� ���9#[� 3-6P�04� �� 3$� 3@&'25�4� *$5�&4�G�� 3 *470$&'+� 0(�5�)�G�

2#��)23��@&'�#����6B6��06(�4�825-+��#$�#*G1�0�7�X��y����0�G�3G0/4�B(`02��*��(2&�(�6��&4�#��

bazálních podmínek (Hsiu H, 2007).
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5. CÍLE VÝZKUMU

A. Posoudit vliv fyziologické a suprafyziologické inzulinémie na reaktivitu kožní 

*��(2&�(�6��&$�6�#5(�3@&'�528(232��4�`J

B. �()�0�3��3�7�*20�9�y-#�&�9���0�3�0-����($��0�3�06��2P�4�*��(2&�(�6��&$�6��$*2&�@&'�

v riziku syndromu diabetické nohy.

C. �0��23�0��2($��&��*$#��B1402*�2704���(5�23�7�6�[(�4��602�2*�4��$6(2B�0�$���

jednotlivými komponentami spektrální analýzy laser-doppler flowmetrie (LDF).

D. �-6P40�3-/$01$�4��2P�4�*��(2&�(�6��&$�B2*2&4�"�!�� posouzení hojení syndromu 

diabetické nohy.

E. �BG0�26�����@#26�#47���9'2�72682(6�5�0�3-0�B23�0�(28670�4�B�(�*$0(�B2B�76F4&4�

���W��1�3�6+�3$�3#0�'6�� 3#$706B6�B$(y�#$�B2�#�'1[04
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6. VLIV FYZIOLOGICKÉ A SUPRAFYZIOLOGICKÉ INZULINÉMIE NA REAKTIVITU 
KOŽNÍ MIKROCIRKULACE U ZDRAVÝCH DOBROVOLN���

6.1. Metodika

Mikrocir�6��&$�8-���3-/$0123[���#�����523@&'�B25*4�$����B2�70�*6��&��y-#�2�2X�&�-�]|<�

*��{�^���76B(�y-#�2�2X�&�-�]=|<�*��{�^�#3@/$�26�'��5��26���#6�4�6J��-/$01$�4�8-�2�

provedeno u 12-0���$289#�4&'�#5(�3@&'�528(232��4�`+�8$#����*�9#-�5��8$06�6�(25�)`���

726(2#$�&`+�8$#�&'(2��&�@&'�2�$*2&�G�4+�8$#�0(3��9�y�(*��20$(�B�$�7�3@F�*�26��2�0(�&$B0�3�

6�P$�+�7(23��0$��@&'�3G�23G���B25�$�#[���5�4&'���0(2B2*$0(�&�@&'���8�2&'$*�&�@&'�

B�(�*$0(`�]3�# níže 0�86����)J=^J��(202�2��7065�$�8-��7&'3[�$��$0�&�26��2*�74�"9��17�9�y��6�0-�

UK ��#$%+�3/�&'���528(232��4&��8-���52B1$56�B25(28�G�7$#�[*$���7�B(`8G'$*�$�B$(�*$�06���

B26P43��@*��*$025�*�+�&2P�703(5����B25B�7$*���y2(*23��9'2�726'��76J���5$��B1$5&'[#$F4&4�

3-/$01$�4�#�&'23[3����528(232��4&��8GP�@�($P�*�7�3-�26)$�4*�3G0/4�y-#�&�9��[*�'-��

$�&$7�3�4��2�#6*�&$�7�&'�(�5`+�06�`������2'2�6���7�B27�$5�4*�F45�$*�52�;=J�'25��-J��G'$*�

52B2�$5�$��[7�$56F4&4'2�5�$�8-��B(23$5$��5326706B%23@�'-B$(��#6���$*�&�@�&��*B�7�

cílovými inzulinémiemi 50 a 150 mIU/l dle zavedené metodiky (DeFronzo), tedy s rychlostmi 

��#6�4�6�;+���{*;{'25����+<��{*;{'25J���B2�23��-�768F$�0`�8-�2�#�*G�G�2�B21�54�

inzulinémií (tzn. nejprve 6,0 U/m2/hod a dále 2,4 U/m2/hod). Za bazálních podmínek a v 

2826�670[�$�@&'�70�3$&'�8-���#*G1$���B$(y�#$�B2*2&4���7$(-doppler flowmetrie a 

transk60[��4�2�-*$0(�$+�($7B�(�)�4��32&�$�0���$�$(X$0�&�@�3@5$F�B2*2&4��$B14*9����2(�*$0(�$�

(V-max Sensormedics, Yorba Linda, CA, USA) podle standarní metodiky (Weir). Byla 

3-B2)0$���
�'25�20����P59'2�&��*B6���B2726#$�4�#*G�-���#6���2($#�70$�&$J��@7�$5�-�3$�

formG�*$5�[�6�����0$(�3�(0��239'2�(2#BG04�8-�-�#'25�2&$�-�S��&2�2�23@*�0$70$*.
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��8J�)J�=J�
'�(��0$(�70����B(28��5`
medián (interkv�(0��239�(2#BG04^+�$3$�0J��

B2)$0�]*6P�{P$�-^ 12 (6/6)

3G��¬(2�-­ 24 (23 – 25)

BMI [kg.m-2] 21,6 (20,7 – 23,7)

obvod pasu [cm] 74,5 (66,3 – 80,0)

lrevní tlak [mmHg] 113/75 (107/66 – 117/80)

��)�[�X�-�9*�$�¬**2�{�­ 4,7 (4,6 – 5,3)

sérové triglyceridy [mmol/l] 0,8 (0,7 – 0,9)

HDL cholesterol [mmol/l] 1,4 (1,1 – 1,6)

LDL cholesterol [mmol/l] 2,5 (2,3 – 3,1)

fibrinogen [mmol/l] 2,3 (2,2 – 2,5)

Laser-doppler flowmetrie

�2P�4�B$(y�#$�8-���3-/$01$���#��8�#[��4&'�B25*4�$��B1$5�&��*B$*���3�670[�$�9*�70�36�B1��

obou hladinách inzulínu. Byl použit systém Periflux 5000 (Perimed, Švédsko) se sondou PF 

|<=<�$*�06F4&4� ��7$(239�73G0�2�2 y($�3$�&��Q�<�*���3@�2�6�=*SJ��2�5��8-���B1��2P$������

52(#6*� �$52*����0�4� �2'-� �� *G1$�4� 8-�2� B(23$5$�2� 6� 3/$&'� 768F$�0`� B1�� 70�8���4� 0$B�20G�

ww�
J� �[7�$5�G� 8-�-� B26P�0-� B(232��)�4� 0$70-� ]
6��$(^� – #�'1[04� ]#�'1[04� 72�5-� ��� ���
�

mající za následek maximáln4�3�#25���0�&�^���2��6#4�]w�*��6023[�2��6#$��2�)$0��-�*��P$026�

02�2*$0(6���y26��6026���� 0����2�w<**WX�3-//4��$P�7-702��&�@��($3�4�0���^+��5-�8-��*G1$��

)�7� 52� 527�P$�4� *���*[��4'2� B(2�(3$�4� B2� 632��G�4� 2��6#$J� �-02� B(232��)�4� 0$70-� F726�

70��5�(5$*�B1��3-/$0123[�4�B$(y�#$�0�[�4�]"$�'-+�S��*7�$-+�	�8($&'0+�S2'�(�8^�3#'�$5$*���

3-72�9�)�7239���B(2702(239�3�(��8���0G�B(2709'2�*G1$�4�8�#[��4�B$(y�#$J��#2(�23�&4��*�02)$0�

8-�� w=*7+� �$� #'25�2&$�4� 3@7�$5�`� 8-�2� B26P�02� y�($*�4'2� 72y0��(6� �$(�72y0� ]�$(�*$5+�

Švédsko).
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Transkutánní oxymetrie

��(&�[��4� 0���� �-7�4�6� 8-�� *G1$�� B2*2&4� 0&B�;� $�$�0(25-� �!� |<�<� 7-709*6� �$(�y�6�� |<<<�

]�$(�*$5+� �3957�2^+� B(�&6F4&4*� ��� B2��(2X(�y�&�9*� B(��&�B6� ]"�����^J� ��'143��[� 
��(�23��

$�$�0(25�� ]�|�
^�8-���B1�B$3�G����$��`P��52(#���2'-�3$�70��dardní lokalizaci (mezi 1. a 2. 

*$0�0�(#$*^� B2*2&4� �5'$#�3�4'2� �(26P�6+� B(2702(� *$#�� $�$�0(2526� �� �`P4� 8-�� 3-B��G��

�2�0��0�4*�(2#02�$*�525��@*�3@(28&$*J��2�5��8-����B���23[���*���*[��G�=<�*��60�B1$5�

#�)[0�$*� *G1$�4J� �#2(�23�&4� �*�02)$0� 8-�� w=*7+� �$� #'25�2&$�4� 3@7�$5�`� 8-�2� B26P�02�

firemního softwaru Perisoft (Perimed, Švédsko).

6.2. Výsledky

�1�� y-#�2�2X�&�9� '-B$(��#6���9*��� 8-�2� 527�P$�2� 70�0�70�&�-� 3@#��*�G� 3-//4� B$(y�#$� �2P�4�

mikrocirkulace v 2826� 0$70$&'� ]'-B$(9*�$� B2� #�'1[04� ��� ���
� – 1848% [984 – 2046] vs. 

1599% [801 – =�w�­+�B���<+<|+�B2�2)�7�527�P$�4�*���*[��4�B$(y�#$�B2�632��G�4�2��6#$�=J;�7�

[0.9 – 2.6] vs. 4.9 s [1.8 – 11.4], p < 0,05. Došlo k statisticky významnému zvýšení 

2�-X$��&$�0�[�G�]0&B�;�– 48.6 mmHg [45.5 – 49.7] vs. 38.9mmHg [35.5 – 40.8], p < 0,05.

�1�� 76B(�y-#�2�2X�&�9� '-B$(��#6���9*��� 8-�2� 527�P$�2� F$/0G� 3-//4� B$(y�#$� �2P�4�

mikrocirkulace v 2826� 0$70$&'� ]'-B$(9*�$� B2� #�'1[04� ��� ���
� – 1937% [1177 – 2488] vs. 

1599% [801 – =�w�­+�B���<+<<|+�B2�2)�7�527�P$�4�*���*[��4�B$(y�#$�B2�632��G�4�okluze 1.0 s 

[0.7 – 1.1] vs. 4.9 s [1.8 – 11.4], p < 0,005. Došlo k statisticky významnému zvýšení 

2�-X$��&$�0�[�G�]0&B�;�– 57.4 mmHg [51.7 – 66.2] vs. 38.9mmHg [35.5 – 40.8], p < 0,005. 

Rozdíly v perfúzi a oxygenaci mezi fyziologickou a suprafyziologickou hyperinzulinémií 

nebyly statisticky významné. M-'25�20��*G1$�[�3 clampu k posouzení inzulinorezistence se 

�$*G����J
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Tab. 2. Výsledky

medián (interkvartilové r2#BG04)

basal 50 mIU/l 150 mIU/l

*G1$�[���#6���9*�$ [mIU/l] 3,5

(1,8 – 4,1)
47,5*

(36,0 – 53,3)

144,5*

(115,9 – 170,5)

LDF baseline [PU] 7,5

(6,8 – 10,2)

12,3NS

(9,2 – 21,8)

12,9NS

(8,6 – 29,9)

LDF 0$70�#�'1[04* [%] 1599

(801 – 1836)
1848+

(984 – 2046)

1937*

(1177 – 2488)

LDF post-okluzivní reaktivní 

hyperémie [s]
4,9

(1,8 – 11,4)
1,2+

(0,9 – 2,6)

1,0*

(0,7 – 1,1)

tcpO2 [mmHg] 38,9

(35,5 – 40,8)
48,6+

(45,5 – 49,7)

57,4+

(51,7 – 66,2)

+ p < 0.05
* p < 0.005
NS nesignifikantní

6.3. Diskuse a limitace práce

Alternativou k systémovému podání inzulínu je lokální kožní aplikace pomocí iontoforézy 

(DeJongh, Serne), jehož výhodou je omezená lokální hyperinzulinémie, která nevyžaduje 
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&��*B239�3-/$01$�4�7B2F$�9�7���y�#4�0$�60�����#*G�26�F�0$(�4�B(256�&$�X�6��#-���B���($�0�&�9�

inzulínové sekrece. V naší práci jsme zvolili systémovou aplikaci, jejíž výhodou je 

y-#�2�2X�&�[�5�70(�86&$���#6�4�6���2570(��G�4�3��36�B(`&'256�$�$�0(�&�9'2�B(2656+��0$(@�*`P$�

&$7026���BG¥23G�#[3�7�@&'���0(�23@&'������&�23@&'����[�`���56�23�0�3�72�2�70(��&��

(Figueroa).

���G�0$(@&'�70�(/4&'�7065�4&'�]�0(����$�+��22�$^��6021��B2B�76F4���(2#54��25�3@7�$5�6���/4�

B([&$�P[5�9+�B14B�5�G�70�0�70�&�-��$3@#��*�9�#3@/$�4�B$(y�#$�*��(2&�(�6��&$��[7�$5�$*�

��y�#$���#6�4�6J���B(20��02*6��23GF/4�B([&$�]�$(�9+�5$M2�X'^�6��#6F4�3#$706B�B$(y�#$�B1��

fyziologické hyperinzulinémi�J��-73G0�$�4*��*`P$�8@0�B26P�04�F��9�*$025��-J��$�70�(/4&'�

7065�4&'�8-���*G1$���B$(y�#$�72�526�B26#$�#��8�#[��4&'�B25*4�$�����$8-��B26P�0�P[5�@�#�

3@/$�#*4�G�@&'�B(232��)�4&'�0$70`J���$���/�&'�#F�/0G�4�'25�20��8�#[��4�"�!�B$(y�#$�

vykazovala pouze nesignifikantní trend k �[(`706+�&2P��2($7B2�56F$�7�5143$���*G1$�@*��5�0-�

(Utriainen, Tooke).

�0[#�26�F$+�#5��7�*20�[��[�2P�0$�60���8G'$*�&��*B239'2�3-/$01$�4��$3$5$�����0�3�&��

7-*B�0��6�����#3@/$�4�($��0�3�0-�*��(2&�(�6��&$J�����0$(�061$��#$���F40���#*4��6�2�*4(�ém 

�[(`706�($��0�3�0-�*��(2&�(�6��&$�B1��(-&'�9���y�#��y-#�2�2X�&�9'2�(2#02�6�]!2(70^J�����/$*�

$�B$(�*$�06�F7*$�B25[3����#5(�3@*�528(232��4�`*�3P5-�8G'$*�;-hodinového clampu 

celkem 1 – 1,5 l glukózy, nedošlo k vzestupu tepové frekvence a lze se domnívat, že rychlost 

��y�#$�0$�60��-��$8-���5270�0$)�[���3-32�[�4�25B23G5��7-*B�0��6J�
$#��28G*��B257�6B���*��

B�&�$�0`�]7���P/4���3-//4�B2)[0$)�4���#6���9*�4^�0��9��$8-��B2#2(23[��7�X��y����0�4�(2#54��3�

*G1$�@&'�B�(�*$0($&'�B1$702+�P$�B25��9�*�2P7034�0$�60���B1��B(3ním a druhém ustáleném 

70�36�7$���/��2J��$B(23$5$�4��2�0(2��4&'�3-/$01$�4�8$#�B25[�4�X�6��#-�����#6�4�6�B1$702��#$�

B23�P23�0�#��6()�026���*�0�&��B([&$J

�[*��B2#2(23��@��[(`70�0(��7�60[��4'2�0���6��-7�4�6�25B2345[�B1$5&'2#4*���0$([(�4*�

�5�F`*�]�-**7^+��5-�B1���2�0��6[��4�B25�2P�4���y�#����#6�4�6�7026B����(0$(�23$��#�4�
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5�y$($�&$��-7�4�6+�&2P���73G5)6F$�($5�70(�86&��B(`02�6�3$�B(27BG&'�y6��)�4'2�1$)�/0GJ���B(20��

02*6�6�B�&�$�0`�7�5��8$0$*�*$���0$*�;J0-B6+��5$�F$�B1402*�����#6���2($#�70$�&$���

hyperinzulinémie, F$�0(��7�60[��4�0�����-7�4�6��$B14*2��*G(�@���#6���9*���– s jejím 

zvýšením klesá (Kizu). U obézních pacientek s metabolickým syndromem, ale bez diabetu, 

8-���B2B7[���]�$M2�X'^�7�4P$�[�3�72*2&$���($56�&$�25B23G5������2�[��G�B25��@���#6�4�J�

��02�5�0����73G5)6F4�25��/�9*6�&'23[�4�1$)�/0G�*��(2&�(�6��&$�6�'-B$(��#6���9*�&�@&'�

��#6���2($#�70$�0�4&'�B�&�$�0`+��5$�F$�25B23G��*��(2&�(�6��&$����$�2X$��4�B25[�4���#6�4�6�

alterována a nedochází ke zlepšení nutritivní perfúze (možná dokonce ke zhoršení), zatímco u 

pacie�0`�7$�#�0�3�4&'������#6�4��3$5$�F$'2�B25[�4���2034([�4�3G0/4'2�*�2P7034��60(�0�3�4&'�

��B��[(J�
$&'���7*67�B�02X$�$#$�#*G��($��0�3�0-�7$�5[3[�52�7263�7�270��7�2��5�)�4*�70($7$*�

vyvolaným hyperlipidémií a inzulínovou rezistencí,  který vede k vazokonstrikci cestou 

#3@/$�9���0�3�0-�$�520$���23@&'�($&$B02(`�]B(2�0(2*82����	;^�3�'��5�9�73��23��G�&93�

]´���X^J���F4*�39�3�0902�7263�7�270��865$�7�$523�0���#6�4�$*�#B(2701$5�23��26�($5�70(�86&��

*��(2&�(�6��&$�6��$*2&�@&'�7�&'(2��&�@*�7(5$)�4*�7$�'[�4*+��9)$�@&'��23G�vyvíjenými 

endotelinovými receptorovými antagonisty.

9�*���#���

��#5(�3@&'�528(232��4�`�B1��7-709*239*�B25[�4���#6�4�6�3$5$�'-B$(��#6���9*�$�� vzestupu 

reaktivity mikrocirkulace i vzestupu transkutánního tlaku kyslíku. Tento efekt se zvyšující se 

hladinou ��#6�4�6��$���$[(�G�7026B[J��2#54��@�3��3���#6�4�6�6�289#�4&'�768F$�0`����$*2&�@&'�

s 5��8$0$*�*$���0$*�;J�0-B6�7��3-73G0�6F$*$�B1402*�2704�2��5�)�4'2�70($76�B1��'-B$(��B�59*���

a inzulinorezistenci.




�&'�� ��( )*�+ �� -/$ 0 1 23�&4 �*$025 -�*� �( 2&� ( �6 ��&$ �6 � 7-�5( 2*6�5 �� 8$ 0 � &�9 � �2' -+ �;<=<

25

7. VLIV SAMOTNÉ FYZICKÉ AKTIVITY NA REAKTIVITU KOŽNÍ MIKROCIRKULACE U 
NEMOCNÝCH V RIZIKU SYNDROMU DIABETICKÉ NOHY.

7.1. Metodika

8 528(232��4�`, nemocných s 5��8$0$*�*$���0$*�;J�0-B6+��$7B2(06F4&4&'+�8-�2�#�1�#$�2�52�

7065�$�B2�B25B�76���y2(*23��9'2�726'��76J��-�26)$���8-����emocní s limitovanou mobilitou, 

isch$*�&�26�&'2(2826�7(5$)�4�]µ�	���J70^+�3�F��9*�2���70[5�6��7&'$*�&�9�&'2(28-�52��4&'�

�2�)$0��+�)��7-�5(2*$*�5��8$0�&�9��2'-��$82�F��@*�2�$*2&�G�4*+��5$�F$��60�270�

#�&'23[3[�4����5239'2�($P�*6J�M��2�*4(�[�y-#�&�[���0�3�0��8-���6P�0��&'`#$+�B(202P$�/�2�2�

nesp2(06F4&4�B(28��5-J���0$�#�0��#[0GP$�8-���28F$�0�3�#23[����(2�2*G($*J�
��(23�7�6�[(�4�

($��0�3�0�����2P�4�B$(y�#$����52��4��2�)$0��G�8-���*G1$�����7$(�52BB�$(�y�2*�$0(�4���

transkutánní oxymetrií (Periflux 5000, Perimed, Švédsko).

Tab. 3. Charakteristika pro8��5`.

V2 V3 V4

B2)$0��(2�` 3439 (2915 – 4230) 4189 (3335 – 5550)* 3489 (2917 – 4316)

3G� 62 (54 – 69)

trvání diabetu 12,0 (10,0 – 15,5)

systolický TK 128 (121 – 130) 133 (115 – 135) 128 (125 – 130)

diastolický TK 80 (73 – 84) 75 (70 – 80) 75 (71 – 79)

��)�[�X�-�9*�$ [mmol/l] 8,4 (7,3 – 9,8) 8,4 (4,4 – 11,8) 8,5 (6,4 – 12,3) NS

HbA1c [% IFCC] 6,4 (6,1 – 7,6) 6,5 (4,7 – 8,5) 6,3 (5,5 – 6,7) NS

triglyceridy [mmol/l] 2,4 (1,6 – 3,0) 2,4 (1,5 – 3,3) 2,2 (1,8 – 2,6) NS

cholesterol [mmol/l] 4,8 (4,0 – 5,5) 4,4 (4,2 – 4,8) 4,7 (4,1 – 4,9) NS

#*G���3['- [kg] 0,1 (-0,4 – +0,8) 0,3 (-0,4 - +0,5) 0,5 (+0,1 - +0,5) NS

* p <0.001
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�1��B(3�4��[3/tG3G�8-���B�&�$�0��$56�23[���2�B26P43[�4��(2�2*G(6���8-�-�#'25�2&$�-�

antropometrické a metabolické parametry j$F�&'�#5(�320�4'2�70�36�]3G�+�3@/��+�3['�+�28325�

pa76+���)�[�X�-�9*�$+�X�-�23��@�hemoglobin, triglyceridy, cholesterol, sérový kreatinin). 

V �[7�$56F4&4&'���0@5�$&'�8-����$*2&�4���70(623[���2�#�&'23[3[�4�8GP�9�y-#�&�9���0�3�0-���

�2/$�4��(2�2*G(6���$7B2%���P5@�5(6'@�5$�J��1��5(6'9��[3/0G3G+�B2�6B�-�604���0@5�`+�8-��

7B2)40[��F$F�&'�5$��4�B(`*G(��(2�`����$*2&�4�8-���B2P[5[���2�#3@/$�4�739�y-#�&�9���0�3�0-�2�

10 – 15%. Po další 4-0@5$��4�B$(�25G�8-�����70(623[���2BG0��$�7�4P$�4�#[0GP$��$�#3-��9*6�

($P�*6+�B1��0902��[3/0G3G�B(28G'�2�70$F�9�3-/$01$�4�*$0�82��&�@&'�����0(2B2*$0(�&�@&'�

B�(�*$0(`�F��2�B1��B(3�4��2�0(2�$J��27�$5�4��[3/0G3��B(28G'���2BG0�7$�70$F�@*�3-/$01$�4*���

po 4 týdnech zvyklé fyzické aktivity. �1����P59��2�0(2�$�25�;J��[3/0G3-�8-��7B2)40[��B2)$0�

kro�`���#*G1$���($��0�3�0��*��(2&�(�6��&$�B2*2&4���7$(�52BB�$(�y�2�*$0(�$���0(��7�60[��4�

oxymetrie. Výsledky byly zhodnoceny Friedmanovým a párovým Wilcoxonovým testem.

7.2. Výsledky

�2���0@5�$&'��$'&$�#3@/$�9��$(28�4���0�3�0-�]&'`#$�&&���<<�¬|�<�– 1 400] me0(`�{�5$��G+�

odpovídající 20% navýšení), došlo ke zvýšení reaktivity mikrocirkulace v obou testech, a to 

70�0�70�&�-�3@#��*�G�]B���<+<=��($7BJ�B��<+<|^J��-//4�(2#54��8-��B1402*$��3 testu #�'1[04*. 

�3@/$�[�B$(y�#$�B1$0(3[3����3 *$�/4�*41$���B2��[7�$56F4&4&' ��0@5�$&'�8GP�9�y-#�&�9���0�3�0-+�

ale rozdíl nebyl proti vstupním hodnotám statisticky významný (p = 0,30). Metabolické a 

��0(2B2*$0(�&�9�B�(�*$0(-�����0(��7�60[��4�0�����-7�4�6�7$��$#*G���-J
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Tab 4. Výsledky

V1-V2
(zvyklá 
aktivita)

V2-V3
(zvýšená 
aktivita)

V3-V4
(zvyklá 

aktivita)
"�!�0$70�#�'1[04*�¬¤­ 490 (440 – 540) 610 (570 – 680) 520 (480 – 610) p <0,01

LDF postokluzivní 
reaktivní hyperémie [s]

4,1 (2,7 – 5,4) 3,1 (2,4 – 4,0) 3,8 (2,7 – 5,0) p <0,05

�8(J�w�£��J+�#*G���($��0�3�0-�*��(2&�(�6��&$�B1��#3@/$�4���2BG023�9*�7�4P$�4�y-#�&�9���0�3�0-J

7.3. Diskuse a limitace práce

��(2#54��25�28528�9�B([&$�]|^�8-�-�#�1�#$���B26#$�289#�4����$7B2(06F4&4�B�&�$�0��B(20��

�['25�G�3-8(��@*�B�&�$�0`*�0-B�&�9'2�5��8$02�2X�&�9'2�&$�0(�J�
'`#$�8-���B(2��)�70�4�-�

7065�$�F$5��26�($�$3��0�4�y-#�&�26���0�3�026J��`325+�B(2)�7$���/$�3@7�$5�-���/4+��#$���F40�3$�

5326�(23��[&'J�M$5���+�F$�20�#�9+�#5��B`�'25��239�&3�)$�4�w��0@5�G�F$�5270�0$)�9�0(3[�4�

aktivity – v ��/4�7065���8-���#�1�#$���B�&�$�0��7 nízkou úrovní fyzické aktivity, jak již bylo 

#*4�G�2+���$�B2�5$�/4�)�7�– 25'�5$*�w<�*��60�5$��G+���$�7 2'�$5$*����5$7�X���$�#$�B1$7�26�
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5286�6()�0J��(6'@�5`325�F$�#�1�#$�4�B26#$�B�&�$�0`�7$�7$5�3@*�#B`728$*�P�320�+��5$�F$�

�$F3G0/4�($#$(3��B(2�#�$B/$�4�*��(23�7�6�[(�4&'�y6��&4�7�(#$�&3�)$�4J

��7�($B��&$�*$#��#3@/$�26�($��0�3�026�*��(2&�(�6��&$�*G1$�26�"�!����$#*G�G�@*�0&B�2

B1$570�36F$�#�F4*�39�#F�/0G�4J�Hodnoty tcpO2 byly v normálním rozmezí pro zdravou populaci 

(basal tcpO2 > 30mmHg), pacienti byli bez ischemické choroby 52��4&'��2�)$0���J�

�1$5B2��[5[*$+�P$�#5$��$�4�B$(y$(�4�5$y�&�0��-7�4�6���B(202��$�4�($#$(3��B(2�#3@/$�4�

následkem fyzické aktivity.

=�*���#���

Malá, metabolicky a antropometricky nevýznamná fyzická aktivita má potenciál zvýšit 

perfúzi mikrocirkulace u obézních a nesportující nemocných s diabetem mellitem 2. typu. 
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8. ����"	
��
���������
NOSTÍ KARDIOVASKULÁRNÍ AUTONOMNÍ NEUROPATIE A 
JEDNOTLIVÝMI KOMPONENTAMI SPEKTRÁLNÍ ANALÝZY LASER-DOPPLER 
FLOWMETRIE

8.1. Metodika

	602�2*�4��$6(2B�0�$�F$�8GP�26��2*B����&4�déletrvajícího diabetu mellitu 1. typu a podílí se 

���3-//4�*2(8�5�0G���*2(0���0G��2'(2P6F$�B�&�$�0-��['�26��(-0*�&�26�7(5$)�4�7*(04J��GP�G�

3-/$016F$*$�F$F4���(5�[��4�7�2P�6�]�	�^�B2*2&4�)�7239�����@#-�3�(��8���0-�7(5$)�4�y($�3$�&$�

(VSF) spolu s reakcí kre3�4'2�0���6����3$(0�����#�&��]����X23��8�0$(�$�0$70`^��$82�7B$�0([��4�

����@#26���!J����|�B�&�$�0`�7�5��8$0$*�*$���0$*�8-���B2�B25B�76���y2(*23��9'2�726'��76�

3-/$01$���#�����523@&'�B25*4�$���	��B2*2&4�����X23��0$706���7B$�0([��4�����@#��

(VariaCardio PC, Sim��
$5��+���2*26&+���^J��[(23$%�8-���#*G1$����2P�4�*��(2&�(�6��&$�

pomocí laser doppler flowmetrie (Periflux 5000, Perimed, Švédsko) jednak za bazálních 

B25*4�$��B1���2P�4�0$B�20G�w;�
+�F$5����B2�#�'1[04�������
J�

��&�$�0��8-���(2#5G�$���52�5326�7�6B��+��$��/4&4&'�7$�3G�$*+�B2'��34*+�52826�0(3[�4�5��8$06+�

��B9*�4+�3@/4��($3�4'2�0���6������
�+���$���/4&4&'�7$�B1402*�2704�*���y$70�4��$82�#[3�P�9�]=J�

7�6B���^����$B1402*�2704�];J�7�6B���^��	�J �[�$�7$�28G�7�6B��-���/��-����52326�0$B2326�

frekvencí, která byla vyšš4�6�B�&�$�0`�7 KAN a výskytem periferní diabetické polyneuropatie 

DK (testované Weinsteinovými mikrofilamenty a biothesiometrem).

�-���B(23$5$���7B$�0([��4�����@#��2826�#[#��*`�7�3-B2)0$�4*�7B$�0([��4�74�-�3�(2#*$#4&'�

25B2345�F4&4�$�520$��[��4���0�3�0G�]<+009 – <+<;�W#^+���0�3�0G�7-*B�0��6�]<+<;�– 0,06 Hz), 

3��70�4�*-2X$��4���0�3�0G�]<+<��– 0,20 Hz), respiraci (0,2 – <+��W#^�����(5�[��4���0�3�0G�]<+��–

1,6 Hz). Výsledky byly zhodnoceny neparametrickými testy (Mann-Whitney U test, 

�B$�(*��`3�0$70^J
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B2)$0�¬
/Ž] 13/16 14/18 NS

3G��¬(2�-­ 32,4 ± 11,5 37,6 ± 10,4 NS

HbA1C [% IFCC] 7,5 ± 2,6 7,8 ± 2,6 NS

cholesterol [mmol/l] 5,1 ± 1,0 5,4 ± 2,3 NS

triglyceridy [mmol/l] 1,3 ± 0,7 1,6 ± 1,8 NS

TF [min-1] 68 ± 8 80 ± 9 p<0,01

STK [mmHg] 116 ± 13 120 ± 12 NS

DTK [mmHg] 71 ± 10 72 ± 11 NS

retinopatie 8 / 16 7 / 18 NS

nefropatie 3 / 16 5 / 18 NS

polyneuropatie DK 4 / 16 10 / 18 p < 0,05

makroangiopatie 2 3 NS

8.2. Výsledky

��6B��-�7$���3#[F$*��$��/��-�8�#[��4*�B(`02�$*�*��(2&�(�6��&4��`P$+�����3#$706B$*�B2�

#�'1[04�]�+���37J��+w�^J���B�&�$�0`�7�B1402*�26��	��8-���70�0�70�&�-�3@#��*�G���P/4�

7B$�0([��4�74���3�28��70��25B2345�F4&4�$�520$��[��4���0�3�0G�]B�<+<=^+���0�3�0G�7-*B�0��6�

]B�<+<<|^���'(���)�G���P/4�3�28��70��25B2345�F4&4�3��70�4�*-2X$��4���0�3�0G�]B�¹�<+<�^�B1��

*G1$�4�8�#[��4'2�B(`02�6J��1��*G1$�4�#��*���*[��4�3�725���0�&$�52/�2��$�7�4P$�4�(2#54�6+�

B1$5$3/4*�$�520$��[��4���0�3�0-+��0$(@�7$�B2'-823������'(���&��70�0�70�&�9�3@#��*�270�J
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Obr. 5. KAN a variabilita perfúze (spektrální síla v jednotlivých oblastech) – 3-/$01$�4�B1��

�2P�4�0$B�20G�w;��
J

Obr. 6. KAN a variabilita perfúze (spektrální síla v jednotlivých oblastech) – 3-/$01$�4�B1��

�2P�4�0$B�20G�����
J
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A�B����"��"����%#���&

�G�2����B(�&4�7$�#�8@3��2�7263�7�2704���!���B(`02�6 kožní mikrocirkulací, nebyla prokázána 

3@#��*�GF/4�7263�7�270J��1�02*�7$�B1$5B2��[5[+�P$�B([3G�B2��$7���0�3�0-�7-*B�0��6�3$5$���

($5�70(�86&��B$(y�#$�3$�B(27BG&'�	��7'6�0`��������2(��60(�0�3�4&'���B��[(���04*�3#���6�0$B�9�

ischémie mikrocirkulace. 


G1$�4�6��#6F$+�P$�#*G�-�B2#2(23�0$��9�6�5��8$0�&�@&'�B�&�$�0`�7���(5�23�7�6�[(�4�

�602�2*�4��$6(2B�0�4�F726�5$0$�23�0$��9���3�B$(�y$(�4*�&93�4*�1$)�/0��*��(2&�(�6��&$+�8-¥�

F$F�&'�3@/$��$70�)4���23��3�G�4�B(`02�6�*G1$�9'2�"�!J���84#4�7$�0�����0$(��0�3�4�*$025��

vyše01$�4��602�2*�4��$6(2B�0�$�B14*2�3�B$(�y9(��+��5$�F$F4�B270�P$�4�B`7284��$F3G0/4�#*G�-J

"9B$�3-&'[#$F4�#*G�-�*G1$�9�B1���2P�4�0$B�20G�w;�
+�8$($*$-li hranici spektrální síly

v pásmu sympatiku pro predikci KAN 0,5, pak je senzitivita 79%, specificita 84%, PPV 85%, 

NPV 78%J�M$�01$8��*40����3G52*4�*��@�B2)$0�B�&�$�0`+�0654P�70�0�70�&�[�74���0G&'02�3@7�$5�`�

�$�4�5270�0$)�G�3$��[�B(2�y2(*6�23[�4��2(*-J
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9. V�����������������
��ROCIRKULACE U SLEDOVÁNÍ HOJENÍ RÁNY PO APLIKACI 
GELU Z AUTOLOGNÍ PLAZMY

9.1. Platelet rich plasma

�$��0�3�G��2326�*$02526+�#�04*�B26P43��26�(60���G�3���(5�2&'�(6(X�����5$�0[��4�&'�(6(X���F$�

�2�[��4�2/$0123[�4�(���@&'�B�2&'�B2*2&4��602�2X�4�0(2*82&-0-�282'�&$�9�B��#*-�]���^+�

�0$([�B`7284����'2F$�4�B1$5$3/4*�B(2701$5��&034*�#�5$70�)$��2532#$�9'2�(`70239'2�y��02(6�

(PDGF). Trombocyty jsou získávány z vlastní krve pacienta, ze které se speciálním 

7$B�([02($*�#47�[�282'�&$�[�B��#*�J��[70$)�@*�7B6/0G�4*��2�X6��)�4���7�[5-�F$�527�P$�2�

X$�23�09��2�#�70$�&$�B14B(�3�6+��0$([�F$�3@'25�[�B(2��B����&�����ranné plochy. PRP obsahuje 

=<��34&$�0(2*82&-0`��$P�F$�3 �($3�4�B��#*GJ��$F5`�$P�0GF/4�y��02(-�#47���9�# 5$70�)$�+�B��0$�$0�

derived growth factor (PDGF) a transforming growth factor � (TGF-�), byly zkoumány v 

posledních desetiletích a jejich efekt in vitro �����X�2X$�$#6���B(2��y$(�&��86�G��8-��5281$�

doložen.

9.2. Metodika

�2�B��20�4�7065�$�8-�2�B2�B25B�76���y2(*23��9'2�726'��76�#�1�#$�2�&$��$*�|�B�&�$�0`�7$�

7-�5(2*$*�5��8$0�&�9��2'-��7&'$*�&�9�]�$82�B1$3[P�G��7&'$*�&�9^�B14)��-+�7 nehojícími se 

defekty víc$��$P�;�*G74&$+�70�8���4*��](2#*G(23G^�3 B27�$5�4*�*G74&�+�8$#�#[�G06�)��

��0�8�20�&�9��9)8-J��-�6)6F4&4��(�09(���#�'(�23����B�&�$�0-�7 B(23$5$�@*���0$(3$�)�4*�

výkonem na tepnách DK v B27�$5�4&'�;�*G74&4&'+�B�&�$�0-�0GP�26��7&'$*�&�26�&'2(2826�

7(5$)�4�]��W	 III-IV), pacienty s F��@*��602�*6��4*�2�$*2&�G�4*��$82�B�&�$�0-��9)$�9�

kortikosteroidy.

Pacientovi bylo odebráno 50 ml krve a v separátoru (Magellan, Medtronic, USA) získáno 5

ml plazmy obohacené trombocyty. 
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Po dobrém lokálním debridementu byl gel nanesen na defekt a pod okluzivním obvazem 

B2�$&'[��w�5�-J��[7�$5�G�8-��B(23$5$��70G(����*��(28�2�2X�&�26��6�0�3�&����B(23$5$���5��/4�

�B����&$�����X$�6J���P5@�B�&�$�0�B257026B���&$��$*�w��B����&$�����X$�6J��y$�0��9)8-�8-��

B2726#$��B2*2&4�B�2&'-�5$y$�06�#F�/0G�9�5�X�0[��4�y202X(�y�4�]���#�)[0�6��9)8-+�����2�&���9)8-�

a po 4-|�0@5�$&'�B2��9)8G^+�B1$5���B2��B����&������8-���#*G1$���B$(y�#$�*��(2&�(�6��&$�

pomocí laser-doppler flowmetrie. 

9.3. Výsledky

�G'$*��-|�0@5�`�7065�$�7$�B�2&'��5$y$�0`�#*$�/����3 B(`*G(6�2�w|¤�3 porovnání s 5% 

v B1$5&'2#4&'�|�0@5�$&'�B1$5��B����&4����J��$8-��B2#2(23[���2�[��4�#[�G0������$8-��#F�/0G��

pozitivní mikrobiologický nález. Kožní perfúze, hodnocená laser-doppler-flowmetrií, byla 

lehce zvýšena (jak bazální perfúze, tak reaktivita v 0$706�#�'1[04*�������
^J��$0����4�

statistická analýza nebyla s 2'�$5$*�����4#�@�B2)$0�B�&�$�0`�B(23$5$��J

C�*����"��"����%#���&

"�*�0�&4�7065�$�F$�B1$5$3/4*��4#�@�B2)$0�B�&�$�0`J��065�$�7$��)�70���2�|�B�&�$�0`+�6�014�8-�2�

B1402*�2��$')4�B270�P$�4�– st. 1-2 dle Wagnerovy klasifikace syndromu diabetické nohy a dva 

B�&�$�0��8-���7�1�56�*G74&`��$'2F4&4*�7$�B�'@�$*�B2�0(��7*$0�0�(#[��4��*B60�&�+��5$�8-���

zvažována vyšší amputace. Nebyli tedy zahrnuti pacienti s Wagner 3 a 4.
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�065�$��$*G����2�0(2��4�7�6B��6+���P5@�B�&�$�0�8-���2�0(2�26�7[*�728GJ��(23�[3���7$�$y$�0�|-

týdenní standardní terapie versus 4-|�0@5�`�B2������B����&�J���B2'�$56�*$5�&4�-�#��2P$�9����

5`��#$&'�F$�0202��$F3G0/4���*�0�&4�B([&$J

�/�&'���B�&�$�0��8-���B(2������9)86�]_�5�`^�B1�F�0����'27B�0���#�&�J����3��*28���#�&$��2�)$0��-�

�$�4�0���3$��@�F��2�6��$6(2B�0�&�9�5��8$0�&�9��2'-+���$��$�#$�F$F�0��$�B25&$%23�0J

���20�4�7065�$�6�[#����7��8�@�$y$�0�X$�6��������3#(`70�*��(23�7�6�[(�4�B$(y�#$���6(-&'�$�4�

hojení ischémického jinak ne1$/�0$��9'2�5$y$�06J��1$7�GF��25B234��P�(��52*�#23��[�7065�$J
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10. U��������������W���	�AMETRU POPISUJÍCÍHO PORH �������������	W����
VZESTUPU PERFÚZE PO �	W����.

10.1. Úvodní poznámky

Laser-doppler-y�2�*$0(�$�B27�-06F$�($��0�3�G��2*B�$��4�5�0����F$��G�5-�28tížné vybrat 

adekvátní metodu vyhodnoceníJ��2)4��F$�*G1$�4* 8�#[��4'2�B(`02�6+�B1$7�B(232��)�4�0$70-�

#*4�G�9�3 �3256��P�7B$�0([��4�����@#6J���/4*�&4�$*�8-�2���F40��23@�(-&'�$�*G1�0$��@���

(28670�4�B�(�*$0(+�5281$��2($�6F4&4�7 3#$706B$*�B$(y�#$�B2�#�'1[04�]0$�02�B(232��)�4�0$70�F$�

��0$([(�G��$F(2#/41$�GF/4�����5�$���/�&'�#�6/$�2704�B27�-06F$�528(9���2B��23�0$�9�3@7�$5�-^J�

�$3@'2526�0$706�#�'1[04*�F$�5�26'[�528��*G1$�4+�B1$3-/6F4&4�3)$0�G�B14B(�3-�B�&�$�0��w<�

*��60J��$F*9�G�=<-15 minut trvá stabilizace maximální vasodilatace a jsou i takové pacienti, 

kde se doba pohybuje nad 20 minut. Naproti tomu test postokluzivní hyperémie je rychlý, u 

#5(�3@&'�768F$�0`�5281$�'25�20�0$��@+���$���([P4����B(28�9*�6�5��8$0�&�@&'��$*2&�@&'+�

zejména s neuropatií, kde tvar typické B$y�#�4��1�3�-�F$�7���G���0$(23[�J

�8(J��J�Z�5$[��4\����W��1�3���7 �[7�$56F4&4*�#�'1[04*
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Obr. 9. Zleva B14���5-�B�&�$�0`�– diabetes mellitus bez neuropatie, s neuropatií a s neuropatií 

��0GP�26��7&'$*�&�26�&'2(2826�52��4&'��2�)$0��

�1$F*[�2804P�270�'25�2&$�4�6�B�&�$�0`�7 �$6(2B�0�4����
W����[7�B1�3$5���� testování 

270�0�4&'�*2P�@&'�B�(�*$0(`��1�3�-J

10.2. Metodika

�$�72682(6�3/$&'�B�&�$�0`+�6���&'P�8-��5281$�'25�20�0$��@�#[#��*�3-/$01$�4�*��(2&�(�6��&$�

v 0$706�'-B$(9*�4�B2�#�'1[04����0$14 *G���#*G1$�@����W�0$70�8-�2�3-8([�2��['25�G�=;<�

*G1$�4�6�=<|�B�&�$�0`J��-���#�7026B$����$*2&�4�7 28G*��0-B-�5��8$06�*$���06���8$#�5��8$06+�

s ��8$#�B$(�y$(�4����602�2*�4��$6(2B�0�$+�(`#�9'2�3G�6+�B2'��34���0(3[�4�5��8$06J��/$&'���

*G1$�4�8-���B(23$5$������B1470(2F���$(�y�6��|<<<�]�$(�*$5+��3957�2^+�3P5-�8-���*G1$�4�

provedena na nártu nedominantní nohy. Ke statistické analýze bylo použito Spearmanova 

�2($��)�4'2��2$y�&�$�06J

pacienti s DM / bez DM 94 / 11

3G� [roky] 58 ± 19

BMI [kgm-2] 29 ± 6

trvání diabetu DM [yr] 14 ± 11

HbA1C [% IFCC] 6,2 ± 1,8

cholesterol [mmol/l] 4,8 ± 1,2
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EG�B��H�"����&���%#���

�2*G(�/B�)�239'2�B(`02�6�]�!+�B$���y�2�^�� 8�#[��4*6�]8�7$���$^�0G7�G��2($�23���7 výsledky 

0$706�#�'1[04*�](�¹�<+_|��B���<+<=^J��(6'@��$F�$B/4�B�(�*$0(�F$ 8�#[��4�B(`02��]8�7$���$^�

samotný – s '2(/4*��3@7�$5�-�](�¹�<+Q;��B�¹�<+<|^J��2�2)�7�527�P$�4�*���*��]0�*$�02�'��y�

*��+��W=^��$*G��70�0�70�&�-�3@#��*�26��2($��&��7 0$70$*�#�'1[04*J�

parametr baseline biological 
zero (BZ)

peak flow 
(PF)

time to 
max

time to 
half max

PF / 
baseline

BZ / 
baseline

correlation 0,72 -0,56 0,55 -0,32 -0,15 0,95 0,29
p = 0,05 p = 0,1 p = 0,06 p = 0,3 p = 0,5 p < 0,01 p = 0,3

�0��23$�4�B2*G(6�/B�)�239'2��6�8�#[��4*6�B(`02�6�]�!�{�8�7$���$^�*`P$�B1$570�323�0�528(@�

parametr vyšet123[�4�*��(2&�(�6��&$�#$F*9���0�*+��5$�F$�0$70�B2702��6#�3�4�'-B$(9*�$�

#�($7�$���(0$y��0-+�F���02*6�8@3[�6�0GP�9��7&'$*�&�9�&'2(28-�52��4&'��2�)$0��J
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Influence of physiological and supraphysiological hyperinsulinemia on skin 

microcirculation in healthy volunteers 

Michal Kr�ma, Daniela �echurová, Jitka Gruberová, Zden�k Jankovec, Silvie Lacigová, 

Michal Žourek, Zden�k Rušavý 

Introduction:  

Since the mid 1980s, a lot of attention has been dedicated to the importance of 

microcirculation; a part of arterial bed including arterioles, precapillary sphincters, capillaries, 

venules and arteriovenous shunts.  It is a structure of decisive importance for an organism; in 

its domain an exchange of blood gases and metabolic products takes place and it contributes 

to thermoregulation. Mediation of vasomotor reaction and vasoarterial reflex maintaining a 

stable hydrostatic pressure is also an important function. Microcirculation is for its 

dimensions (capillary diameter approx. 5 x 10-5 mm2, blood flow velocity around 0.4 mm.s-1) 

relatively difficult to access for more detailed examination, yet its impairments are very 

severe and dominate in many metabolic disorders. Microcirculation impairment is crucial in 

diabetes mellitus, where arteriovenous shunts open at the expense of nutritive bed due to a 

loss of sympathetic tone in peripheral circulation in diabetic neuropathy (Netten, Houben). 

Blood flow is therefore seemingly sufficient, but the affected tissue undergoes ischemia 

(warm ischemia). To what extent hyperinsulinemia contributes to this effect is not yet clearly 

known, one of the possible explanations may be a stimulation of sympathetic activity. Not a 

few studies are dealing with insulin's vasodilatory effect, however, with inconsistent findings 

regarding the extent of microcirculatory response at various insulin levels upon acute and 

chronic insulin administration.  

Experimental work in rats showed an improvement in blood perfusion of sciatic nerve 

perineurium after a one-month insulin treatment, concurrently, amelioration in nerve 

conduction was proven electromyographically (Biessels). A short-term continuous 

subcutaneous insulin infusion (insulin pump treatment) led to an increase in capillary 

perfusion (Tymms) and to a decrease in venous oxygen tension in diabetic patients already 

after 9 days of treatment. This result suggests an existence of redistribution of skin perfusion 

favoring nutritive capillary bed. 

Acute hemodynamic effects of insulin were tested in an experiment, where healthy young 

men were treated with a short insulin, locally administered into brachial artery with a rate of 1 

and 5 mU/min for a period of 90 minutes  in a double blinded study design. Blood flow was 

measured using body plethysmography. Higher insulin dose led to a statistically significant 



vasodilatation (20%) compared to placebo. Administration of insulin + L-glucose 

(metabolically inactive stereoisomer) did not produce further increase in vasodilatation in 

comparison with pure insulin administration. Administration of insulin + D-glucose led to an 

increase in perfusion in comparison with pure insulin administration (47% compared to 

placebo). Glucose infusion itself did not cause any significant changes in blood flow (Ueda).  

In diabetes type 1 patients when using different insulin infusion rates (1.5 IU/hr, 15 IU/hr) 

there occurred an increase in blood flow measured by laser Doppler flowmetry (LDF) at the 

low dose of insulin, while a decrease occurred at the higher dose (Tooke). These 

measurements, however, were not performed in steady state conditions during clamp 

examination. Conversely, no statistically significant changes in perfusion of skin 

microcirculation were found in an experiment in healthy volunteers, where skin perfusion was 

monitored during a three-step insulin clamp with gradually increasing insulinemia levels 60 – 

500 IU/ml. Arteriovenous difference of glucose attained maximum value already at the lowest 

insulinemia, subsequently it remained constant (Utriainen).  

An increase in perfusion measured using LDF was noted at supraphysiological 

hyperinsulinemia in anesthetized rats under clamp conditions concurrently associated with an 

increase in femoral artery flow (Vincent).  

Some studies dealing with physiologic hyperinsulinemia (approx. to 50 mIU/l) proved an 

increased blood flow through muscle and skin microvascular beds and increased density of 

opened capillaries under this condition (DeJongh, Serne). They used LDF and video capillary 

microscopy for measurements. In addition, local skin administration of insulin using 

iontophoresis has a vasodilatory effect in healthy volunteers, which diminishes with age 

(Rossi), was not proven in diabetes type 2 patients and is decreased in obese non-diabetic 

women (deJongh). An improvement in glycemic control leads to an increase in microvascular 

reactivity in diabetes type 2 patients (Forst). 

To summarize the abovementioned findings; it is relatively well proven that physiological and 

even supraphysiological hyperinsulinemia leads to an increase in total limb blood perfusion. 

Study results regarding insulin influence on microcirculation vary; some authors (Utriainen) 

suggest an insignificant role of physiological as well as supraphysiological insulinemia, others 

(Tooke, Serne) observed an increase in perfusion only in physiological hyperinsulinemia. 

Furthermore, it is not completely clear, what part of the vascular bed contributes to the 

increase in perfusion; whether it is an increase in blood flow through nutritive capillaries or 

arteriovenous shunts.  



Aim 

To examine vasodilatory effect of insulin on perfusion of skin microcirculation in healthy 

volunteers and assess, whether this effect follows a linear trend with insulinemia. 

Methods 

Microcirculation was examined at rest and after stimulation by physiologically (50 mIU/l) and 

supraphysiologically (150 mIU/l) increased level of insulin. The examination was performed 

in 12 non-obese healthy volunteers with no history of diabetes in parents and siblings, with no 

chronic disease, with no chronic medication except hormonal contraception in women, 

matched in age as well as in basic anthropometric and biochemical parameters (see Table 1). 

Study protocol was approved by ethical committee of Medical Faculty in Pilsen, Charles 

University in Prague. All volunteers were fully acquainted in advance with the experiment 

and methods used, which they confirmed by signing an informed consent. The day before 

study commencement, the volunteers maintained an ordinary daily routine with the exception 

of heavy physical exercise, excessive consumption of saccharides, fats and alcohol, and last 

meal until 9 pm. The following morning, a two-step hyperinsulinemic clamp with target 

insulinemia 50 and 150 mIU/l was performed according to a well-established method 

(DeFronzo), i.e. rate of insulin infusion 2.4 IU/m2/hr and 6.0 IU/m2/hr. The order of 

insulinemias was inverted in one half of the sujects (i.e. first 6.0 IU/m2/hr then 2.4 IU/m2/hr). 

We measured skin perfusion using LDF and transcutaneous oxymetry, and respiratory 

quotient and energy expenditure by indirect calorimetry (V-max Sensormedics, Yorba Linda, 

CA, USA) according to a standard method (Weir et al.) at basal conditions and in both steady 

states. M-value of each clamp was calculated to assess the change in insulin resistance. 

Results in form of median and interquartile range were evaluated by Wilcoxon test. 

Laser-doppler flowmetry 

Skin perfusion was examined at basal conditions before the clamp and in steady state at both 

insulin levels. System Periflux 5000 (Perimed, Sweden) with PF 5010 probe emitting  laser 

with a wavelength of 780nm and power output 1mW was used for the measurement. The 

probe was placed to a dorsum of non-dominant foot and measurement was performed in all 

subjects at stable temperature of 33°C. Subsequently, stimulation tests (Muller et al.) were 

employed  – heating (probe heating to 44°C inducing maximal vasodilatation) and occlusion 

(3-minute occlusion of a limb using a sphygmomannometer cuff inflated to a pressure of 

30mmHg higher than systolic blood pressure), where time necessary for attaining maximal 



perfusion after cuff release was measured. These stimulation tests are a standard in 

examination of tissue perfusion (Leahy, Walmsley, Albrecht, Wohlrab et al.) owing to a 

considerable time and spatial variability of plain basal perfusion measurement. Sampling rate 

was 31ms, firmware Perisoft (Perimed, Sweden) was used for data evaluation. 

Transcutaneous oxygen monitoring 

Partial pressure of oxygen was measured using tcpO2 probe PF 5040 of Periflux 5000 system 

(Perimed, Sweden), based on principle of polarography (Lawall et al.). Heated Clark electrode 

(45°C) was attached to skin of foot dorsum at a standard location (between the 1st and 2nd

metatarsus) using an adhesive ring, the space between the electrode and skin was filled with 

contact solution supplied by the producer. The probe was applied at least 10 minutes prior 

measurement commencement. Sampling rate was 31ms, firmware Perisoft (Perimed, Sweden) 

was used for data evaluation. 

Results: 

Data are clearly summarized in Table 2 and Graph 2, 3, and 4. The group, where the clamp 

with lower target insulinemia was performed first did not statistically differ from the group 

with initial higher insulinemic clamp. Statistically significant higher perfusion in skin 

microcirculation was achieved at physiological hyperinsulinemia in both tests (hyperemia 

after heating to 44°C – 1848% [984 – 2046] vs. 1599% [801 – 1836], p < 0.05, half time of 

reaching peak perfusion after occlusion release 1.2 s [0.9 – 2.6] vs. 4.9 s [1.8 – 11.4], p < 

0.05.There occurred a statistically significant increase in tissue oxygenation (tcpO2 – 48.6 

mmHg [45.5 – 49.7] vs. 38.9mmHg [35.5 – 40.8], p < 0.05). 

The perfusion of skin microcirculation was even higher at supraphysilogical hyperinsulinemia 

in both tests (hyperemia after heating to 44°C – 1937% [1177 – 2488] vs. 1599% [801 – 

1836], p < 0.005, half time to reach peak perfusion after occlusion release 1.0 s [0.7 – 1.1] vs. 

4.9 s [1.8 – 11.4], p < 0.005. There occurred a statistically significant increase in tissue 

oxygenation (tcpO2 – 57.4 mmHg [51.7 – 66.2] vs. 38.9 mmHg [35.5 – 40.8], p < 0.005). The 

difference in perfusion and oxygenation between physiological and supraphysiological 

hyperinsulinemia were not statistically significant. M-value measured during the clamp for 

insulin resistance evaluation did not change.  

Discussion: 



Studies that monitored an influence of insulin on microcirculation used either local skin 

administration using iontophoresis (DeJongh, Serne et al.) or systemic delivery (Utriainene, 

Tooke, Ueda et al.). The advantage of local administration is limited local hyperinsulinemia, 

which does not require a clamp examination associated with fluid infusion and change in 

hepatic production of glucose and pancreatic production of insulin. In our study we chose the 

systemic administration, advantage of which is physiological insulin distribution and 

elimination of influence of passage of electrical current, which can induce vasoconstriction 

via voltage-dependent sodium and calcium channels (Figueroa et al.). 

Simultaneous use of LDF and transcutaneous oxymetry methods was performed to distinguish 

perfusion of nutritive bed (assessed through O2 release) from total blood flow through 

microcirculation (including arteriovenous shunts) in the region of interest of LDF probe, to 

which corresponds microvascular reactivity. However, measuring transcutaneous partial 

oxygen pressure can only be considered a rough indicator of nutritive bed perfusion. The 

exchange of oxygen between the vascular bed and tissues takes place also on other levels 

(larger vessels, via interstitial fluid) and there was found a discrepancy between capillary 

density assessed through video capillary microscopy and transcutaneous oxymetry values 

(Ubbink et al.). 

In some older studies, (Utrainen, Tooke et al.) the authors describe no, or statistically 

insignificant, increase in microcirculation perfusion as a result of insulin infusion. On the 

other hand, more recent studies (Serne, deJongh et al.) demonstrate an increase in perfusion at 

physiological hyperinsulinemia. The explanation may lie in a different methodology used. In 

older studies the perfusion was measured by a probe only at basal conditions and no 

abovementioned stimulation test was employed. According to our findings the value of basal 

LDF perfusion showed only insignificant incremental trend (see Table 2.), which corresponds 

to data measured earlier (Utriainen, Tooke et al.).

Transcutaneous oxygen pressure monitoring is important for estimation of amputation wound 

healing in diabetic foot syndrome (Faglia et al.) as well as for angioplasty effect monitoring in 

patients with critical limb ischemia (Caselli et al.), tcpO2 values at rest below 30 mmHg are 

an independent predictor of ischemia (Cechurova et al.). The increase in transcutaneous 

oxygen pressure observed in our study in consistent with previous study data (Tymms et al.), 

where arteriovenous difference of oxygen increased with continuous subcutaneous insulin 



infusion, which suggests a flow redistribution favoring functional vascular bed. On the 

contrary, in patients with diabetes mellitus type 2, where insulin resistance and 

hyperinsulinemia are present, transcutaneous oxygen pressure is inversely proportional to 

insulinemia – it falls with its increase (Kizu et al.). In obese patients with metabolic 

syndrome, but without diabetes, decreased vasomotion and reduced response to locally 

administered insulin was described (DeJongh et al.). These findings suggest a different 

behavior of microcirculatory vascular bed in hyperinsulinemic insulin-resistant patients, 

where the response of microcirculation to exogenous insulin administration is altered and 

there is no improvement of nutritive perfusion (possibly even deterioration), while in insulin-

sensitive patients, insulin administration causes more nutritive capillaries to open. 

Pathogenesis mechanism of reactivity changes is put in connection with oxidative stress 

induced by hyperlipidemia and insulin resistance, which causes vasoconstriction through 

augmentation of endothelin receptor activity (for thromboxane A2) in smooth muscle tissue 

(Xiang et al.). In this regard it will be interesting to observe insulin mediated microcirculation 

redistribution in patients with chronic heart failure treated with newly developed endothelin 

receptor antagonists, such study has not yet been done according to available literary data. 

The question is, whether the fluid load itself associated with clamp examination does not lead 

to sympathetic activation and microcirculation reactivity increase. In literature, we can find a 

mention about slight microcirculatory reactivity increase associated with fast infusion of 

saline (Frost et al.). In our experiment, healthy volunteers were administered always a total of 

1 – 1.5 l of glucose during the 2-hour clamp, there was no increase in heart rate observed. 

This rate of fluid infusion cannot be considered sufficient to trigger a sympathetic response. In 

addition, no significant difference in measured parameters was observed between the two 

subgroups (initially lower and higher insulinemia) despite the fact that the administered fluid 

volume at the first and the second steady state varied. Nevertheless, the failure to perform 

control examinations without glucose and insulin administration can be considered a certain 

limitation of the study. 

Conclusion 

Hyperinsulinemia causes an increase in reactivity of microcirculation as well as an increase in 

transcutaneous oxygen pressure in healthy volunteers upon systemic administration of insulin. 

This effect rises non-linearly with increasing insulinemia. 
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Table 1. Characteristics of subjects
median (interquartil range) 

number (male/female) 12 (6/6) 

age [years] 24 (23 – 25) 

BMI [kg.m-2] 21,6 (20,7 – 23,7) 

waist [cm] 74,5 (66,3 – 80,0) 

blood pressure [mmHg] 113/75 (107/66 – 117/80) 

fasting plasma glucose [mmol/l] 4,7 (4,6 – 5,3) 

plasma triglycerides [mmol/l] 0,8 (0,7 – 0,9) 

HDL cholesterol [mmol/l] 1,4 (1,1 – 1,6) 

LDL cholesterol [mmol/l] 2,5 (2,3 – 3,1) 

fibrinogen [mmol/l] 2,3 (2,2 – 2,5) 

Table 2. Results 

median (interquartil range) 

 basal 50 mIU/l 150 mIU/l 

real insulin level [mIU/l] 3.5 

(1.8 – 4.1) 
47.5*

(36.0 – 53.3) 

144.5*

(115.9 – 170.5) 

LDF baseline [PU] 7.5 

(6.8 – 10.2) 

12.3NS

(9.2 – 21.8) 

12.9NS

(8.6 – 29.9) 

LDF heating test [%] 1599 

(801 – 1836) 
1848+

(984 – 2046) 

1937*

(1177 – 2488) 

LDF post-occlusion 

hyperemia test [s] 
4.9 

(1.8 – 11.4) 
1.2+

(0.9 – 2.6) 

1.0*

(0.7 – 1.1) 
tcpO2 [mmHg] 38.9 

(35.5 – 40.8) 
48.6+

(45.5 – 49.7) 

57.4+

(51.7 – 66.2) 

+  p < 0.05 
*  p < 0.005 
NS  not significant 



Fig. 2. Heating test results 



Fig.3. Post-occlusive hyperemia test results 



Fig. 4. Transcutaneous oximetry results 
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Introduction

At present the effect of slight physical training on impaired microcirculation due to diabetes is 

examined in detail. Endothelial dysfunction, especially in overweighed patients with diabetes 

mellitus type 2 can be influenced by lifestyle modifications. Questionable is, whether this 

influence is partly caused by increase of physical activity by itself, or only secondarily

through improvement of metabolic compensation. During six months following obese 

subjects with diabetes type 2 was observed amelioration of endothelial dysfunction 

parameters (1) in the course of lifestyle modification (caloric restriction in diet and structured 

exercise program). Subjects’ weight, waist-to-hip-ratio, level of HbA1C and total cholesterol 

significantly decreased at the same time. 

Difference between plasma NOx concentration and cutaneous blood flow measured by laser 

Doppler technique was found in healthy volunteers between two groups of men that differed

only in intensity of chronic physical training (2, 4).

Similar work in healthy subjects at risk of developing type 2 diabetes demonstrated higher 

microvascular reactivity in the group with more frequent physical activity (3). Groups were 

matched to age and no differences in metabolic or anthropometric parameters were observed 

in between.

A recent paper focuses on increased metabolically indifferent physical activity for period of 

six months in subjects with type 2 diabetes and its influence on microcirculation. It did not 

prove any significant changes in microvascular reactivity in comparison with control group 

(5).

Concurrently a similar study with rather different design and result was performed in our 

centre.

Aim

Primary to determine if moderate, short time, anthropometrically and metabolically

indifferent increase of physical activities changes microvasculary reactivity in obese subjects 

with diabetes mellitus type 2. Secondary point was to test if these findings persist after return 

to habitual lifestyle.

Materials and methods

8 volunteers, obese type 2 diabetic patients, non sport-practicing, were exact informed about 

the procedures and signed informed consent. Protocol of this study has been approved by 



ethical committee. Exclusion criteria were severe ischemic heart disease (myocardial 

infarction in history, heart failure NYHA > I), diabetic foot syndrome with ulcers, any walk 

restrictive musculoskeletal disease and respiratory insufficiency. As a mild physical training 

was used walking in the non sport-practicing subjects. Training intensity was objectified by 

pedometers. Microvasculary reactivity and perfusion of skin in lower limbs were measured by 

laser-Doppler flowmetry and transcutaneous oximetry (Periflux 5000, Perimed, Sweden). At 

first visit subjects were good educated in pedometers using and were measured 

anthropometrical (age, height, weight, waist circumference) and laboratory (fasting plasma 

glucose, HbA1C, triglycerides, cholesterol, serum creatinine) parameters. In four weeks, at 

visit two, was calculated steps count and subjects were educated to increase day-to-day walk 

about 10-15%. After this four weeks period were subject at visit three instructed to return to 

habitual activity. Last visit was after four weeks this second period. At every visit was 

measured above mentioned anthropometric and laboratory parameters, from visit two was

steps count calculated and were measured microvasculary reactivity by laser-doppler 

flowmetry and transcutaneous oximetry. Not normally distributed results (in the form of 

median an interquartil range) were evaluated by Friedman and pair Wilcoxon test.

Results

After four weeks of slightly increased aerobic activity (walk about 800 [560 - 1400] 

meters/day, corresponding to about 20% activity increase) microvascular reactivity increased 

significantly in both tests (after heating from 4.9x [4.4 – 5.4] to 6.1x [5.7 – 6.8], p < 0.01), 

half time to reach maximum perfusion shortened from 4.1 [2.7 – 5.4] s to 3.1 [2.4 – 4.0] s, p < 

0.05. The increased perfusion lasted after following four weeks of habitual activity in smaller 

extent (microvascular reactivity increase after heating 5.2 [4.8 – 6.1] s, half time to reach 

maximum perfusion 3.8 [2.7 – 5.0], this increase was not significant in comparison with 

habitual activity in the first period). Metabolic and anthropometric parameters and 

transcutaneous oxygen tension did not change significantly (Table 1).

Discussion

In contrast to similar study (5) only obese non sport-practicing subjects were included in the 

study as opposed to all patients of typical diabetology centre. Walking was the only relevant 

muscular exercise for the subjects. They were asked about sports at every visit (Had they

started practicing sports, they would have been excluded from the study).



Reasons, why our results are different from this paper, are possible to found in two arenas. 

First, is questionable whether half an hour exercise 3 times a week is sufficient duration of the 

activity – in our study the patients were subjected to lower intensity exercise than previously 

mentioned, but for a longer period of time (approx. 30 min/day according to the design, but it

is impossible to ascertain time exactly).

Second, our subject choice is different. Only subjects with sedentary lifestyle were enrolled in 

our study, where there should be the highest potential for amelioration of microvascular

function through exercise.

Discrepancy between increased microvascular reactivity measured by LDF and unchanged 

transcutaneous oxygen pressure could represent an interesting finding. TcpO2 values were 

within normal range for healthy population (basal tcpO2 > 30mmHg), subjects had no lower 

leg ischemia history or clinical symptoms. We suggested there was not yet peripheral tissue 

oxygen deficit and this is why there is not reserve for increasing after exercise.

In agreement with cited papers, our study indicates the need of additional examination as to

what type and what dose of physical activity lead to microvascular reactivity improvement 

and – in practice – how to choose patients, where regular physical training would have best 

efficacy. It is likely that we need therapeutics strategy “made-to-measure”.
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Table 1

Subjects characteristics – median (interquartil range)

V2 V3 V4
steps count 3439 (2915 – 4230) 4189 (3335 – 5550)* 3489 (2917 – 4316)
age
diabetes duration
systolic BP
diastolic BP
FPG [mmol/l] 8,4 (7,3 – 9,8) 8,4 (4,4 – 11,8) 8,5 (6,4 – 12,3) NS
HbA1C [%] 6,4 (6,1 – 7,6) 6,5 (4,7 – 8,5) 6,3 (5,5 – 6,7) NS
triglyceride [mmol/l] 2,4 (1,6 – 3,0) 2,4 (1,5 – 3,3) 2,2 (1,8 – 2,6) NS
cholesterol [mmol/l] 4,8 (4,0 – 5,5) 4,4 (4,2 – 4,8) 4,7 (4,1 – 4,9) NS
weight gain [kg] 0,1 (-0,4 – +0,8) 0,3 (-0,4 - +0,5) 0,5 (+0,1 - +0,5) NS

* p <0.001



Fig. 1

Microvasculary reactivity results – LDF heating test (left) and LDF post-occlusion hyperemia 

test (right)
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SKIN MICROVASCULAR FLOW SPECTRAL ANALYSIS IN DIABETES
AND ITS CONNECTION TO CARDIOVASCULAR NEUROPATHY

M. Krcma, D.Cechurova, J. Gruberova, S. Lacigova, Z. Rusavy
Diabetology centre, 1st Dept. of Internal Medicine, University Hospital and Charles University Plzen

ABSTRACT
  without neuropathy                   severe neuropathy

VASOMOTION (LDF)

HEART RATE VARIABILITY – SPECTRAL ANALYSIS

AIM
� Find dependency between skin perfusion and skin microvasculatory reactivity in diabetic patients type 1 with and without cardiovascular autonomic neuropathy 

(CAN)
� Find relation between skin perfusion variability and CAN
� Provide preliminary evaluation if LDF measured vasomotion spectral power can predict CAN 

METHODS   STUDY GROUP
CAN examination - VariaCardio (VarCor PC) – spectral analysis, Ewing tests
LDF examination - Periflux 5000 – probe on instep skin of non-dominant leg
statistical analysis - Perisoft, Merlin for Excel, Statistica (FFT)

RESULTS
A. CAN & skin perfusion    B.  CAN & LDF spectral analysis in basal skin temperature                C.  CAN & LDF spectral analysis in heating 44°C

No differences between group with and without CAN.          Significantly lower spectral power in subjects with CAN                   No differences between group with and without CAN.
The same results in baseline, heat response 44°C, PORH.                           in endothelial and sympathetic portion.

CONCLUSION CAN prediction in dependency on LDF-measured sympathetic activity

1. In subjects with severe cardiovascular neuropathy is lowered LDF spectral power

in sympathetic response region

2. Adequately is lowered endothelial spectral power

3. Skin microcirculation perfusion and microvasculary reactivity is equal in both groups

4. CAN prediction from LDF variability records is basically feasible, but there is lack of evidence

¨
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without CAN severe CAN
subjects [M/F] 13/16 14/18 NS
age [y] 32.4 ± 11.5 37.6 ± 10.4 NS
HbA1C [% IFCC] 7.5 ± 2.6 7.8 ± 2.6 NS
cholesterole [mmol/l] 5.1 ± 1.0 5.4 ± 2.3 NS
triglycerides [mmol/l] 1.3 ± 0.7 1.6 ± 1.8 NS
TF [min-1] 68 ± 8 80 ± 9 p<0.01
STK [mmHg] 116 ± 13 120 ± 12 NS
DTK [mmHg] 71 ± 10 72 ± 11 NS
retino/nephro/neuropathy 8 / 3 / 4 7 / 5 / 10
macroangiopathy 2 3

Cardiovascular neuropathy is common complication of diabetes mellitus, brings higher 
morbidity and mortality due to sudden cardiac death. Some literary data showed there 
is no correlation between cardiovascular autonomic neuropathy (CAN) and skin 
microcirculation flow. Whereas in many studies is decreased sympathetic activity 
supposed to be a reason of constricted nutrition capillaries in favour of arteriovenous 
shunts. Our task was to find relation between cardiovascular neuropathy and spectral 
power of skin microvascular flow variability (vasomotion). In 61 patients with diabetes 
mellitus type 1 was examined CAN by standard methods (Ewing tests, spectral 
analysis) and foot skin microcirculation by laser-doppler flowmetry with spectral 
power calculations in ranges corresponding with endothelial, sympathetic, intrinsic 
myogenic, breathing and cardiac activity. Subjects were divided into two groups with 
and without CAN; groups were comparable in age, gender, diabetes duration, 
triglyceride and cholesterol level, blood pressure and BMI. There was neither observed 
difference in basal microcirculation flow nor in heating test (increase 8,6x vs. 8,3x). In 
subjects with CAN was significantly lower spectral power in endothelial (p<0.01) and 
sympathetic (p<0.005) range. In myogenic range was observed lower spectral power 
with borderline significance (p= 0.06) in subjects with CAN.

Heart rate spectral analysis – frequentional analysis of RR intervals from 
ECG, tested total power (LF + HF), LF/HF (sympathetic aktivity), age 
adjusted

� HF (0.15 – 0.50 Hz) – parasympathetic (vagal) response
� LF (0.05 – 0.15 Hz) – sympathetic response
� VLF (0.02 – 0.05 Hz) – RAAS, termoregulation, neuropeptides

Laser doppler spectral analysis – vasomotion
� 0.009 – 0.02 Hz – endothelial activity
� 0.020 – 0.06 Hz – sympathetic tone
� 0.060 – 0.20 Hz – intrinsic myogenic activity
� 0.200 – 0.60 Hz – respiratory arhytmia
� 0.600 – 1.60 Hz – cardiac activity – pulse

sensitivity 79%
specificity 84%
positive predictive value 85%
negative predictive value 78%
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All patients were exact informed about the procedures and signed informed 
consent. Protocol of this study has been approved by ethical committee.

Inclusion criteria:
- diabetes foot syndrome ischemic (or predominantly ischemic) etiology
- ulcer lasting over 2 months
- in last 4 weeks stable area and depth
- without inflammation, without antibiotic treatment

Exclusion criteria:
- planned or recent (2 months) intervention (PTA, by-pass, amputation)
- cardiac failure (EFLV < 35%)
- connective tissue disorders (vasculitis, etc.)
- corticosteroid or immunosuppressive treatment
- end stage chronic kidney disease
- dialysis

SUBJECTSPatients after amputations in comparison with total 
diabetic foot syndrome patients
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� INTRODUCTION
Diabetic foot syndrome is 
one of the most alarming 
complications of both 
types of diabetes mellitus. 
Diabetic foot also increases 
mortality (due to sepsis, 
peri- and postoperative 
mortality) and brings large 
expenses for healthcare. 
Last time not only in our country the number of amputations 
increases, about 19% of all diabetic foot syndrome patients 
undergo small (toes or transmetatarsal) or higher amputation. 
Application of platelet rich plasma (PRP) as a new method of 
local treatment could assist to improve this negative trend.

� DESIGN 
Platelet rich plasma contains about ten times higher 
concentration of platelets – thrombocytes. We used autologous PRP acquired by repeated centrifugation patient’s blood. Two most 
important growth factors released from platelets, platelet derived growth factor (PDGF) and transforming growth factor � (TGF-�) were in 

last decades researched and its effect to 
angiogenesis and cell proliferation was 
proven in number of studies in vitro and in 
some studies in vivo (7). Nowadays, PRP has 
been used with success in dentistry (3, 5) 
and cardio surgery to improve healing 
wounds. Our theory was, through 
improvement angiogenesis and the 
microcirculation in the patients with grave 
impairment of microcirculation due to 
diabetes, to contribute to healing ulcers. 
After good debridement, gel from PRP was 
applied to the ulcer for three days under 
occlusive covering. 
Effect of therapy was observed by 
measuring area of ulcer from digital 

photography (at the beginning of treatment, at the end of treatment, 4-5 weeks after treatment) and before and after application of PRP 
was examined skin microcirculation in surrounding area by laser-doppler flowmetry.

� RESULTS
During the study, in 4-5 weeks the area of ulcer decreased in average of 35%, in comparison with 5% in previous 5 weeks. There were 
observed neither local inflammation nor bacterial colonization. Skin perfusion, measured by laser-doppler flowmetry, was slightly increased. 
Difference was not statistically significant. Detailed reasons with statistical assessment were not performed because to small number of 
patients.
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PHARMACOECONOMICS

Sweden
–costs for one patient’s treatment:

without amputation 51.000 SEK (3.000 – 808.000)
with amputation 344.000 SEK (27.000 – 992.000) 

Boulton, A.J.M, The diabetic foot: a global view. Diabetes Metab. Res. 2000

Price for one patient’s PRP treatment – 38.400 CZK ~ 1700 USD



THE EFFECT OF PLATELET RICH PLASMA IN LOCAL TREATMENT OF DIABETIC 

FOOT SYNDROME
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Introduction:

Diabetic foot syndrome is one of the most alarming complications of both types of diabetes mellitus. Its

incidence still growths in absolute numbers. Diabetic foot also increases mortality (due to sepsis, peri- and 

postoperative mortality) and brings large expenses for healthcare. Strongly limits patient’s quality of life. Last 

time not only in our country the number of amputations increases, about 19% of all diabetic foot syndrome 

patients undergo small (toes or transmetatarsal) or higher amputation. Application of platelet rich plasma (PRP) 

as a new method of local treatment could assist to improve this negative trend.

Methods:

Platelet rich plasma contains about ten times higher concentration of platelets – thrombocytes. We used 

autologous PRP acquired by repeated centrifugation patient’s blood. Two most important growth factors released 

from platelets, platelet derived growth factor (PDGF) and transforming growth factor � (TGF-�) were in last 

decades researched and its effect to angiogenesis and cell proliferation was proven in number of studies in vitro 

and in some studies in vivo (7). Nowadays, PRP has been used with success in dentistry (3, 5) and cardio surgery 

to improve healing wounds. Our theory is, through improvement angiogenesis and the microcirculation in the 

patients with grave impairment of microcirculation due to diabetes, to contribute to healing ulcers. Inclusion 

criteria fulfilled patients with diabetic foot syndrome ischemic (or predominantly ischemic) etiology, with non-

healing ulcers for two months, stable in last month, without inflammation or antibiotic treatment. Exclusion 

criteria cover patients with vascular reconstruction (lower leg by-pass) or angioplasty in previous two months, 

patients with grave heart ischemia (NYHA III-IV), autoimmune disorders or patients treated with corticosteroids.

After good debridement, gel from PRP was applied to the ulcer for three days under occlusive covering. After 

that was performed microbiological examination and next application of PRP gel. Every patient undergoes three 

applications of PRP. Effect of therapy was observed by measuring area of ulcer from digital photography (at the 

beginning of treatment, at the end of treatment, 4-5 weeks after treatment) and before and after application of 

PRP was examined skin microcirculation in surrounding area by laser-doppler flowmetry.

Results:

During the study, in 4-5 weeks the area of ulcer decreased in average of 35%, in comparison with 5% in previous 

5 weeks. There were observed neither local inflammation nor bacterial colonization. Skin perfusion, measured 

by laser-doppler flowmetry, was slightly increased. Difference was not statistically significant. Detailed reasons 

with statistical assessment were not performed, because this was pilot study with very small number of patients.

Discussion:

What should I mention at first; it was a very small group of patients. This pilot study include five patients; three 

with ulcers 1.-2.st. (according to Wagner classification), two with long time non-healing wound after 



transmetatarsal amputation, where was considered higher amputation. It didn’t include whole wide spectrum of 

diabetic ulcers, especially Wagner 3 and 4.

This study hadn’t a control group. Every patient was control for himself. We compared healing (change of ulcer 

area) during 5 weeks standard therapy and 4 weeks after PRP applications. Absence of control group presents a 

limit for our study in the view of evidence based medicine.

All patients were for PRP treatment (9 days) admitted to the hospital. Influence of leg immobilization is not so 

big comparing with neuropathic ulcers, but it isn’t possible to completely forget this factor. Randomized study 

answers this question satisfactory.

Important part of problematic, especially now in Czech Republic, is also farmacoeconomical aspects. Two 

studies have been finished; in first in Sweden, total cost of healthcare for one patient was 51.000 SEK (3.000 –

808.000) without amputation and 344.000 SEK (27.000 – 992.000) with amputation (6). In second study in 

Czech Republic were average expenses for one patient 34.500 CZK (6.300 – 190.200) in case of uncomplicated 

course and 53.700 CZK (18.000 – 180.600) for patients with complications (2). Treatment with PRP gel costs 

(consumables) 38.040 CZK for one patient.

Conclusion:

Local application of PRP can be advantageous method for some of our diabetic patients, suffering by diabetic 

foot syndrome. It needs larger randomized, at least single blind study, for evidence of effect with statistical 

assessment.
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POST-OCCLUSION PEAK FLOW - USEFUL DIAGNOSTIC TEST
FOR LASER DOPPLER FLOWMETRY IN DIABETIC PATIENTS?

A-232-0010-00314
M. Krcma, J. Gruberova, J. Meinlova, Z. Jankovec, Z. Rusavy 
1st Dept. of Clinic Medicine, University Hospital Plzen, Czech Republic

ABSTRACT

AIM
� Find a robust and simple parameter from post-occlusion relative hyperemia test, which is well correlated with maximal vasodilatation after heat exposure (44°C)
� Compare others parameters from PORH curve
� Find a robust method for nearly all shapes of PORH curves

METHODS STUDY GROUP
Patient selection - randomly selected patients with 
sufficient data were enrolled
LDF examination - Periflux 5000 – probe on instep skin of 
non-dominant leg
Statistical analysis - Perisoft, Merlin for Excel

Measured parameters (see fig. in left):
baseline flow, biological zero in occlusion, time to reach 
maximum perfusion, time to reach half maximum, peak 
flow after occlusion rest

Different shapes of PORH curves:

obesity / short lasting diabetes             typical diabetes curve     diabetes with mild neuropathy diabetes with serious neuropathy
                 and/or PAOD

RESULTS

parameter baseline biological zero (BZ) peak flow (PF) time to max time to half max PF / baseline BZ / baseline
correlation 0.72 -0,56 0.55 -0,32 -0,15 0.95 0.29

p = 0.05 p = 0.1 p = 0.06 p = 0.3 p = 0.5 p < 0.01 p = 0.3

CONCLUSION

� PF (peak flow) to baseline rate after hyperemia correlates tight with heating test 

results (correlation coefficient 0.95; p < 0.01). 

� Second best parameter is basal flow itself with poorer results (correlation 

coefficient 0.72; p = 0.05).

� Time to half max or time to max did not correlate significantly

� Peak flow assessment seems to be a good method for skin microcirculation 

examination in subjects with serious neuropathy or peripheral arterial occlusion 

disease, where are PORH curves garbled with artifacts

¨
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subjects DM / non-DM 94 / 11
age [y] 58 ± 19
BMI [kgm-2] 29 ± 6
lasting DM [yr] 14 ± 11
HbA1C [% IFCC] 6,2 ± 1,8
cholesterol [mmol/l] 4,8 ± 1,2

Introduction: In addition to transcutaneous oximetry, laser Doppler flowmetry provides 
some important information about microvascular reactivity and cutaneous blood flow. 
There are many papers concerning diabetic foot syndrome, which are looking for a 
standard microcirculation assessment method (e.q. standard provocation test). 
Measuring basal flow itself is not sufficient, most widely used tests are heating test and 
post occlusion hyperemia test. Both tests have some disadvantages for common clinical 
practice - heating test lasts at least 20-30 minutes, standard evaluation of post occlusion 
hyperemia test (counting time to half before hyperemia) is strong dependent upon 
examinator´s skills. 
Aim: Our aim was to find a parameter, which can be simple measured from PORH test 
and highly correlated to heating test (relative flow rise in maximum vasodilatation).
Methods: We undertook retrospective analysis of 120 LDF measurements in 105 
patients with diabetes type 1 and 2, with and without peripheral neuropathy. Statistical 
assessment was performed using Spearman’s correlation test.
Results: PF (peak flow) to baseline rate after hyperemia correlates tight with heating test 
results (correlation coefficient 0.95; p < 0.01). Second best parameter is basal flow itself 
with poorer results (correlation coefficient 0.72; p = 0.05).
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