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ˍ 1ˉ� ț͡ǿ9�ȇ4ȶǊ 
 
� Ǉƻ7˥Ι'N̗̠ʗƿ9ŋ�:�*9Ċı�½3�N�RīQ(�Δ̹ƻ

9˥Ι3Ƭ�7̗̠9ȼ̒R̷E�0�7:Țȗ̗�ÜIƵ̸˔ʗƿ9,G7

ΧŌ6ͼƎ7̤N�!9K�6̗ςŨ9Ľʴʗƿ4%2�Q�ĵ3:�˙Źʘ

ƻ̗ʙ�ȔHŋ��Ǉƻ˚ʆ¼̗ɷ4Ϣ̸ĶRĽʤ4'N̗ʲþʙ�!O7ˬ

��Έƒ�!9K�6ʘǆRýǡʟ7ǧ��*9űˑR˸N,G7�Ǉƻ̗̠

ʘϥchronic kidney diseaseϮCKDϦ4��ʗƿȵƸ�ǯĪ#O�*9ɒʛI¡
ζ9,G9ʰ˃�ɛʝ7ΔGLNK�76/2�,�*9̍Ȑ7:�©ē9Ϣ

ϣþ7KN CKDƿ̅9ņ÷44H7�Ύȣɒʛ65*9ɒʛ7ͅ'Nͮʋ9ā
ʛ˥ɥĶΊ@9Ĉǂ��N� 
� ͵Ϗɗȱȧ:�©¼à9ȶΑ�û��K≯ɜ659ͧŬ6͔ȁǁĿR�D

/,�ύÄ̓ʟ�0šÜ7͖Ã3��ɊͿʟaeoHš��Ϣϣ̅7H˿MΉ

%Ȅ̹Ĕ̒6�ÕO,ȱȧɖ3�N�͵Ϗɗu�epy�ɖ:�͵Ϗɗȱȧ9 1
ǐɖ3�M�̗û̔˛9̸ɜR͖Ã'N!47KM�CKD9͖Ã7H�ƥͭ/
2�N�u�epy�ɖ3:�̗ό̔I̗à9̮δό̔9̸ɜR͖Ã'N!4

H3�N��*9Ʒʋ:"��΢9̗ʗƿ-�7ιLO2�M�CKD9�ͅ6
Ċı3�N˙ŹʘIϢ̸Ķ7ε'NĿĢ:ȴG2Ŷ6��#L7:�̗ό̔˛

9̸ɜ9΢¹7KNƈ�Ɔĕƈ�Ĥğƻŉû4*OL9ɀƏĻ65�ÎƏ̅7

��Nn�j9̰˂#�HB4S56�ʅʀ3�N�%,�/2�CKD9͖Ã
7εQN̗ό̔˛9̸ɜ͖Ã9̢ƔʟǄ̃7:��Ȋ9ɸ�ȴG2ŋ��͵Ϗ

ɗu�epy�ɖ7KN˙ŹʘIϢ̸Ķ9ƿ̅9û̔4ό̔RĞG,̗Ʊʈû

ǆ9ýǡʟ6͖Ã:�!OL7K/2Ɲ�ʹ!#ON̗ςŨ9ʘǆ͌ȊIȈȗ

͔ȁ7Ō��Ū�'NĔ̒ƻ��N� 
ț͡ǿ9ˍ 2 ˉ3:�ʻ9ʰ˃m��9Ľʴ46N͵Ϗɗpy�ɖ9Ċʇ4
ʉ¼Ʒʋ�K>̗̠9͌ñʉʇŠRȵ͝%,�3�CKDR×Ƶ4'NĘˁ̗ʗ
ƿ9ʘǆ4u�epy�ɖRĞF͵Ϗɗ͔ȁ9ʅɓ70�2�ƭθ9ʭ͆RƓ

�ˢ«'N� 
� ˍ 3 ˉ3:�D(�ÎƏ©9̗ό̔˛9̸ɜΐƖɗƣ�59K�6H9��
D,�*9Ĥğƻ9ŉû�̗ ̮δό̔�L�Ōό̔7̤N΢¹ƈIƆĕƈ65�

̢ƔƷʋ9Ľț46NʉʇŠʟ͢īϘ70�2�ʻ�̹/,ʰ˃9ǊνR͑΋
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'N�!OD3�ÎƏ©9̗ό̔˛9̸ɜR!9K�7˘ū7æȣ%,Ǌ˼:�

ʵ#O2�6�/,� 
� ˍ 4 ˉ3:�˙Źʘƿ̅7��2̗ό̸̔ɜΐƖɗƣ�59K�7ŉþ'N
�Rȱ…%,ʰ˃9ǊνR͑΋'N�!OD3�˙Źʘ4̗ό̔˛9̸ɜʔƏ

49εÅRȱ…%,ΙČ9ʰ˃:�˙Źʘƻ̗ʙ3̗̮δό̔9Ǜûƻ�º�

%,4�Ơ%2�N��*9Ȫǟ�ƶ(%HĂæ4:��6� 1 ˶%�6�/
,� 
� ˍ 5 ˉ3:�̗ό̸̔ɜ4̗û̸̔ɜI̸Ķ49εÅ70�2�4�7Ϣ̸
Ķƿ̅R×Ƶ4'N�ʻ9ʰ˃9ǊνR͑΋'N�Ϣ̸Ķ4̗ό̸̔ɜ49ε

Å70�2H�ƭθ:�ŕřϢ̸Ķ̗ʙ4��ɿʔ6ʘǆ7��2̗̮δό̔

9Ǜûƻ�¦Δ%2�,4'NĿĢRǽ˶EN9E3�N� 
 ¯�9ʰ˃:�'A2ȴG2Ȃ͇ƻ7ŬFàũ3�N4ƹ���ΙČ9ʰ˃9
̰˂��%�/,,G7�ʻ�Ʈ,ʭ͆9ǊıIȼƕ70�29̄ŭ�̹�Ż

�6�/,ώ��N�H%O6��%�%�ªƫ9 CKD9͔ȁIʘǆ͖Ã7�
�2�!OL9ʰ˃��͵Ϗɗɖ7KN̗Ʊʈ͖Ã9Ȃ,6źώRçMǝ�ˊ

˴46M�N93:6��4ȗƩ%2�N�
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ˍ 2ˉ� ͵Ϗɗpy�ɖ9Ċʇ4*9̗ʗƿ@9Ʒʋ 
 
2-1� ͵Ϗɗpy�ɖ9Ċʇ4ʉ¼Ʒʋ 
 
2-1-1� ͵Ϗɗpy�ɖ9Ċʇ 
� Z�eo�T9ɾʇŠ̅ Doppler:�ØIϏ9ģɗǽ��Ϗɪ4͊ɨ̅�Έ
1�4�7:Ϗɪ9ģɗǽKMŌ���Μ$�N4�7:ŵ#�͊ɨ#ONʅ

ͨRʝ͆%,�1��!9py�úνRÀ��Q�ĵ9Φȝ̫ŎL:�1959ƒ7�
ʉ¼7ɼų%,͵Ϗɗ9ďųɗ�LƵ̠9ƚIŇ9Θû7ʹı'Nc_q�R

ǧ�N97èG2Ǌö%,�2��*9ƫ�ΦȝL9ʰ˃RĒ�˫�-÷̴Ϊɀ
L�̸ɡ�L9͵Ϗɗpy�ÈĖRȱå%�*9ďųɪ�Ͳ̸ʆ3�N!4R

0�4G�ª�Ɠ�ʋ�LON̸ɜpy�ɖ@9ΚːRȊL�7%,�3�� 
� ͵Ϗɗpy�̸ɜ͏7ʋ�LON͵Ϗɗ:�1ϱ10MHzˀƖ9ģɗǽ9H9
3�ˡ�v��ʀ7ǣĜƻR˧/2ΌÈĭϥǪ͍ŝϦ�Lʉ¼7ɼų#ON�Ĵ

2-1��͵Ϗɗ9ďųɪ9ΘûΐƖR�4%�͵Ϗɗv��9ȃĜ4͵Ϗɗ9ď
ųɪ9ΐƖ{^o�9ȃĜ�6'͋ϥÛų͋ϦR��ΌÈģɗǽR f0�͵Ϗɗ

�´Ǵ'NŜ¼9×9ϏΐR c4'N4�Ǫ͍ŝ�ĒÈ'N͵Ϗɗ9ģɗǽ f1

:�ƛ3̼#ON� 
f1ϯf0ϥcϧ�cos�Ϧ/ϥc ��cos�Ϧ 

̸ɡRĞFʉ¼ͻ΢ˤ˾9Ϗΐ: 1500ϱ1600m/s4Ϣΐ693�c��4'N
4��ƛ�Έ¸ʟ7ǊMˈ0� 

f1ϯf0�c2ϧ2c�cos�ϧϥ�cos�Ϧ2�/ c2 �ϥ�cos�Ϧ2 

	f0ϧϥ2�f0cos�/cϦ 
f14 f09ƈ�'6Q.py�Íʿģɗǽ fd:� 

fdϯf1 � f0ϯϥ2�f0cos�Ϧ/ c 
46M�ďųɪ9ΐƖ:�ƛ3��LON� 

�ϯcfd /ϥ2f0cos�Ϧ�ϥ1Ϧ 
ďųɪ3�NͲ̸ʆ9ΐƖ:̸ɜΐƖR®̼'N4̄�O;�͵Ϗɗpy�ɖ

7KM͏ɨ#ON fd�L̸ɜΐƖ��ƮLON!476N�4�� 
� ťρ7Ǫ͍ŝ�ĒÈ'N9:�ŋǽ9Ͳ̸ʆ�L9ďųɗ9ęǊɗ3�M�

ŋ�9ģɗǽǊæRĞS3�N�!ORˠȈ�BC�T�jV�3æȣ'N, 
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G7�w��Yŉǰ9ɭ˓Rndj�3Ϣΐ7̹�,G7̄Ȭ#O,Ϣΐw�

�Yŉǰ�ʋ�LON�©¼à9̸ɜ:Ǜûɜ693�͵Ϗɗpy�ɖ3ƮL

O,î�9ɜΐǁĿ:�ɜΐR˺ͽ7�ȎδRȻͽ74M�ÈĖơƖR_��

e`��9΂Ɩ4%2̼ʵ'N�e|^o�̼ʵ��̦7ʋ�LON�4��Ĵ
2-2�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2-1-2� u�epy�ɖ9Ċʇ4ɿƳ 
� u�epy�ɖ3:�Ǫ͍ŝ:�ʮ�u�eʀ9͵ϏɗR�Ť9Ȏδδο3

ΌÈ%�ΌÈ4ΌÈ9δ7ďų%2�,͵ϏɗRĒÈ'N�͵Ϗɗu�e9Ό

È�LďųɗĒÈD39Ȏδ:͵Ϗɗ�Ǧûŝ4ďųɸ9δRƧư'N97ͅ

'NȎδ693�u�eΌÈ�L�ŤȎδƫ9ĒÈÈĖ9ERĐυ'N!47

KM�͵Ϗɗv���9�NɿŤ9΢¹ϥb�y�~����Ϧ�L9py�

ÈĖ9ERƮN!4�3�N�b�y�~����9Ō�#:�͵Ϗɗv��

ȃĜ3:ÈĖ9ĐυȎδ7�D,�*O7ʦ§'NȃĜ3:͵Ϗɗv��9ō

Ĵ 2-1� ͵Ϗɗpy�̸ɜ͏ 
 

���

�
�

�
��

��	����

	��
�	�

�0	�
�1	��
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#7͇Ť#ON�b�y�~����à9̸ʆ9ΐƖ�ɊͿʟ*P/,Žɜ3

:ģɗǽÍʿ9æƌ:ʂ��*9;L0��Ō���ɜ3:Ɠ�æǻ'N� 
� ͵Ϗɗu�eʝÈ9ϗƖ�'6Q.u�e˿MΉ%ģɗǽϥPRFϦ:�*9
ĒÈɗ9b�y��_9ϗƖH͇Ť'N93�b�y��_Ťʇ7Ľ1�YV

�Tc�_�ʝʉ'N�*9˦ν�u�epy�ɖ3Ξɀ7âʅ3�Nģɗǽ

Íʿ: PRF/2�ιʒ46N� 
 

 
 
 
 
 
2-1-3� *9¬9͵Ϗɗ̸ɜpy�ɖ 
[��py�ɖ:�u�epy�ɖ3ƮLON̸ɜΐƖǁĿR¢ȾÖ7żγ

%[��̼ʵ'Nǐɖ3�M�!OHQ�ĵ9ɬƄL��1982ƒ7�ʒ7×ϝ
�2ʝ̼%,Ǔ̺3�N�Ĵ 2-3��ƓϔĻ�L9ďųɗ9py�ÍʿģɗǽR

Ĵ 2-2� py�Íʿģɗǽ9e|^o�̼ʵ 
u�epy�ɖ7KM͑έ%,̜΢Ōû̔9̸ɜΐƖɗƣ9e|^o�̼ʵ

3�N�˺ͽ:ɜΐϥcm/sϦR�Ȼͽ:ȎδϥsϦR�D,�ɗƣRȶǊ'N
Ęplo9_��e`��9΂Ɩ:py�ÈĖơƖR̼'� 
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̣ƉʧεɖRʋ�2úʄʟ7æȣ%�̸ɜR[��þ%2ȁŽÔ7Χ82̼ʵ

'N�*9ρ�Ǫ͍ŝ7Ĝ��ȃĜ9̸ɜRͲ̨˛3�χONȃĜ9̸ɜRϊ

̨˛3̼ʵ%�ɜΐ9Ō�#R̨9ȊƖ3�e|^o�9æǻ9ˀƖR˳̨ɣ

Û9Ɩę�3ʵ'�e|^o�̼ʵ#ONu�epy�ɖ4:ʔ6M�ɜΐR

ŤΩʟ7͏ɨ'N93:6��̸ɜ9ȃĜIæƌR͈͉ʟ7ǔǱ'N97Ξ%

2�N�ʅķ�Ƶ̠RŗGÜͺ̠͢ĭ9ʑÔ͔ȁ7Ɠ�Ʒʋ#O2�N� 
͵Ϗɗu�eɗ3:6��δȁ6�͵ϏɗRʝÈ%00ĒÈ'NΒˬɗpy

�ɖ3:�Ƣɻ�Ǫ͍ŝ9ʝÈ΢4ĒÈ΢4�ʁˈ%2�N�Βˬɗpy�ɖ

:�u�epy�ɖ4:ʔ6M�v���9Ü29ģɗǽÍʿ�b�y�#O

N,G7ɢ#ȃĜ9˄δæ͌̒RŐ���ʉ¼à3ʉ&�N��6NϢΐ̸ɜ

RHǧ�N!4�3�N4��ëɸ��N�4�� 
 

 
 
 
 

Ĵ 2-3� [��py�ʑÔ 
ĕ9̗̠9[��py�ʑÔ3�N�̸ɜ:�[��þ%2ȁŽÔ7Χ82

̼ʵ#ON�Ǫ͍ŝ7Ĝ��ȃĜ9̸ɜ:Ͳ��χONȃĜ9̸ɜ:ϊ�̼

ʵ#ON93�!9ŀę�̗û̔˛9̸ɜ:Ͳ��̗ό̔˛9̸ɜ:ϊ�̼

ʵ#O2�N� 
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2-1-4� ̸ɜpy�ɖ9͵Ϗɗȱȧ7��N¹̀1� 
� ͵Ϗɗȱȧ9Ľț:�͵Ϗɗďųɗ9ơƖR_��e`��9΂Ɩ4%2�

�T�jV�¢ȾÖ̼ʵ'NȁŽɖϥB ��pɖϦ3�N�Ĵ 2-4��͵ϏɗR
ɼų%,ȁώà9ďųɗR�ďųɗ9ơ#7Ʒ&,_��e`��9΂Ɩ7ŉ

ǰ%��T�jV�̼ʵ'N�5��ȹʟ4'N̠ĭ7KM*9;Χ7:ƈ��
N4:���̸ɜpy�ɖ:͵Ϗɗȱȧ9�΢4%2�!9ȁŽɖ7KMƮL

ON©¼à΢9ƣǆŠʟ͖Ã7ű%2­÷ʟ6�%̀Ͷʟ6ǁĿRƮN,G9

ǐɇ4%2ʋ�LON��ȃ�̸ɜpy�ɖ�LȖʣ6ǁĿRƮN7:�ȁŽ

ɖ3ƮLON͌ñŠʟ6ǁĿ�ƶϓ3�N�[��py�ɖ7KN̸ɜ9˄δ

ʟæƌ:�ȁŽɖ7KNƣǆǁĿ4Χ8ęQ)2̼ʵ#ON�u�epy�ɖ

3:��T�jV�ȁŽÔI[��py�ÔRE6�L�b�y�~����

9¹̀RŤG2�ʥȹ4'N̸ɜR͑έ'N�!9K�6ȁŽɖ4Ęˁ̸ɜp 
 

 
 

Ĵ 2-4� B��pʑÔ 
ĕ9̗̠9 B��pʑÔ3�N�͵ϏɗRɼų%,ȁώà9ȶΑR�ďųɗ
9ơ#7Ʒ&,_��e`��΂Ɩ7ŉǰ%2̼ʵ%,H93�N� 

	�
�	���	
��
	���

���	��
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y�ɖ49Ǣ.0Ǣ,O09εÅJ�7�ªȆ9Ƌͪĺ͵Ϗɗ̾̀3:�*9

B4S57!OL9ȼ̒�ˤE·DO�~j��03çMȓ�6�LÀʋ3�

NK�76/2�N� 
 
2-1-5� u�epy�ɖ7KN̸ɜ͏ɨ9̢ƔƷʋ 
� u�epy�ɖ:�ȹʟ4'NƵ̠I̸˔9à̘9̸ɜΐƖ4*9Ȏδʟŉ

þϥǛûϦR˘ū7æȣ3�N!47*9ɿΰ��N�*9̢ƔƷʋ:�Ƣè

:�Ƶ̠à9̸ɜæȣ7ιLO2�,��6��I�2Üͺ9û̔9̸ɜ͏ɨ�
̹QONK�76/2�,�Á�;�àϖû̔9̸ɜΐƖ͏ɨ:àϖû̔ʂ˅

9ˀƖ͖Ã7ʋ�LO�̵̸ƻ̸̖˔ςŨ9͔ȁ7ƥˈ/2�N�7��Ěȷ7
�̈û̔9̸ɜΐƖ͏ɨ:βŃƻû̔ʲþʙ9źķ͔ȁIΧʙƖ͖Ã7�8��
̗û̔I̗̮δû̔9̸ɜΐƖ͏ɨ:̗û̔ʂ˅9͔ȁI̸˔ƣǊ̺ƫ9̗¡

ƫǬŤ7�9-19��*O+OȆƏʟ7ʋ�LO2�N�ȔΈ3:�ō# 1mm7
ɩ,6�Ʋˡ6û̔9̸ɜΐƖH͏ɨ3�NK�76M� ̝Iʎʀ̝9̙ʚ

à9̸ɜ͏ɨ7KŅǀƻίê65@9ƷʋH͗ELO2�N�20,21�� 
� !OD39u�epy�ɖ9̔˔@9Ʒʋ:��΋9K�7�B4S5�û

̸̔ɜRűͨ4%,H93�/,�û̸̔ɜ:��̦7�Đ˻ȗ7ɜΐ�ΐ�

ǠƠȗ7*O�ɮɦ'NɊͿʟĆ˞6ɜΐɗƣRġ'N��û̔9΢¹�ō#

�N�:*9ɵɜ̠ĭ7K/2�ɗƣI*9ʘʟŉþ�Ǣ0Ǆ̃:ŉþ'N9

3�ș-7Ăæ6̢Ɣʟʭ͆�ǭ/2�N4:��ψ��KM͂φ6ɗƣRġ

'Nό̸̔ɜ70�2:�Ƶʗƿ7KN�Ōό̔İό̔9̸ɜʔƏ9ʰ˃�

ΔS3�N��Ĵ 2-5��*O¯Ŋ9ό̔70�2:�ȴG2ʰ˃�Ŷ6��B
4S5șγǝ4�/2H��ʅʀ3�N� 
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2-2� ̗̠9͌ñ4ʉʇ 
 
2-2-1� ̗̠9ȶΑ 
� Ɔĕ9̗̠:�10	5cmˀƖ9Ȳá¼7Έ�ťͱ̠ĭ3��̜΢9̍Ï3̕
Ȧ9�Ï7¹̀%�̠̇R:&G4'N̜̟̘à9̠͢ĭ4ū7ǫ'N��ť

ρ7:!OL4̜̟3ʑ#O,ƫ̜̟̠ĭ3�N�°̡¹3:�BCˍ 12̑Ȱ
�Lˍ 3̑Ȱ9Ϣ#7�M�ĕ̗�Ɔ̗KMIIº��Ɔĕ9̗̠9àÏ˹7
̗α��M�!!7̸˔IŹ͸65�åÛM'N�̗ťͱ:ʡͱ4ϡͱ�L6

Ĵ 2-5� �Ōό̔9̸ɜΐƖɗƣ 
u�epy�ɖ7KM͑έ%,�Ōό̔9̸ɜΐƖɗƣ3�N��Ōό̔9

ɜΐ:�Ƶ̠7Έ�93��7ĕǎ9Ķŉþ9ƤϐRơ�Ē�2�͂φ6ɗ

ƣRġ'N��:ĕǎĐ˻ϥĕǎĶ�ȉϦ7KNɦΐ�
:ĕǎǠƠϥĕǎ

Ķº�Ϧ7KNɜΐņŌ��:ĕǎǠƠ9ˣɹ7KNɦΐ��:�ŷƚ�γ

�ĕŦ9ǠƠϥ̸ɡğƝϦ7KNɜΐņŌ3�N� 

��
��

	�

��
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M�ʡͱ:ϡͱRŊÏ�LýE�ʡͱ9Ƙΰϥ̗ȦϦ�̗̠9őD3ÛM·F

,G�ϡͱ:��0�9�Βˬ6Ŋγ�9áάƣ9ϔĻϥ̗ά¼Ϧ7æ�LO

2�N�̗ά¼9ϑɸϥ̗ ϕϦ:�ŹRĒ�đNŵ̗Ƞ7ĳDO�ǽÉ9ŵ

̗Ƞ�ęQ#MŌ̗ȠR�2ϱ3É9Ō̗Ƞ�ęQ#M̗ʢRƣǊ%�Ź˔@4
˽�N� 
� ̗̠9ȼ̒Ć¹3�N±w��:�ʡͱ7�N˚ʆ¼�L9ɲɡR~���

�Į3Ē�,ƫ�Έ¹Źˡ˔�z����y�Μ¹Źˡ˔�˦ęŹˡ˔R˥2�

υę˔7ęɜ'N�±w��:�ϡͱɢ΢@9ìΛƖ7KM�ϡͱŊŽ�àŽŅ

ʒ΢3ǗMΉ'̼ķ±w��4ϡͱàŽ×ˊ3ǗMΉ'Ðϡͱ±w��47æ

�LON�22,23�� 
� ̗̠R͵ϏɗȁŽɖ3͊ŭ'N4�̗ťͱ:ɺǽ9ŵȀɸ�υę%,D-L

Ⱥȷϥe|l^�uj��ϦRġ%�ʧűʟ7IIϢ΂Ɩ9ʡͱ��*OKM

Q(�7º΂Ɩ9áƣD,:�͋ƣ9ϡͱϥά¼Ya�ϦRđMƊ��*9Ŋ

Ï7:̟̓̊̽I˵˭̟̽�L6NɊͿʟϢ΂Ɩ9̟̽Ya�Ô�D,�*9

×Ƶ΢7:�̗ʢ̗Ƞ�̸˔�K>̗ɚ΢9̓̊65�͂φ7ÛMˤFȶΑR

ďȌ'NϢYa�Łϥ×ŏYa�ϦR͚GN�24,25��Ĵ 2-4� 
 
2-2-2� ̗̠9̸˔˛9ȶΑϥĴ 2-6Ϧ 
� ̗û̔:�ˍ 16�%ˍ 2̚Ȱ9δ9Ϣ#3̜΢Ōû̔�LƆĕ7æȥ'N
5mmˀƖ9ō�û̔3�̗ ̠9ȼ̸̒˔�0Ȩϛ̸˔4%2�Ï9̗̠7̸ɡ

RÂ˨'N�ĕ̗û̔:�Ɔ̗û̔KMIIº�ʹŗ%�ɀ×IIƆR�̹'

N̜΢Ōû̔4̕Ȧ9ðȃR�Ⱦ�3�Ōό̔9ƫȃRΏ/2ĕ̗7̤N,G�

Ɔ̗û̔KMHΰ�� 
� Ɔĕ9̗û̔�̗α΢3ǽț9ĀĻû̔7æſ%�!OL�̮δû̔7æſ

%2Ǹųʀ7̗ťͱàR̗̼ώ7Ĝ���!OL:̗ϡͱ9Ŋ˹3£�7Ġę

%�Ɯʀû̔46M�*!�Lʡͱ7Ĝ��ŵ̮δû̔Rå'�!O�#L7

æſ%΃Ûˡû̔46M�˚ʆ¼ɋˡ̸˔7̤N� 
� Ðϡͱ±w��9ŀę�˚ʆ¼ɋˡ̸˔:�΃åˡû̔R˥2ϡͱRͳ̹'

Nʦ̸˔RƣǊ%�ϡͱ9Źˡ˔9ģĳ7ɋˡ˔ˮRƣǊ'N��ȃ�̼ķ±

w��3:�΃åˡû̔:ʡͱ3Έ¹Źˡ˔ģĳɋˡ̸˔RƣǊ%,9.�ό

̔˛7ǫˬ'N�ό̔˛:�*O+Oû̔4Ěě9ό̔R˥2�Ȕˣʟ7Ɔĕ

9̗ό̔7ɜÛ'N�̗ό̔:̗û̔9'�ðȃ7¹̀'N�Ɔ̗ό̔:�̜



 �14� 

Ĵ 2-6� ̗̠4*9̸˔˛9ȶΑ 
̆ʩʟȶΑϥƆĴϦ�K>±w��9ȶΑϥĕĴϦ4̸̗˔˛49εÅRʵ

'� 

���	�

��� ����


�	�

�$�

��
%�

�
�	$�

���	$�

���"	$�

��"	$�

#��

!����

���	�  ����

���������

΢Ōû̔4!O�Lðȃ7æſ%2'��̹'N�̛δ̟û̔49πδR��

Mǘ�2ĕȃ7Ĝ���ɀ×KMĕÏRͳ̹'N�Ōό̔7ɘ��!9,G�

Ɔ̗ό̔:ĕ̗ό̔KMΰ�� 
� ̗̠9̸˔˛:�¬̠ĭ9*O7:ELO6����0�9ρˈ/,ɿƳR

H/2�N�D(�̗Ʊʈ:�΃Ûˡû̔�Lˍ 19 ɋˡ̸˔ˮ3�N˚ʆ¼
RƣǊ%,ƫ�΃åˡû̔R˥2Źˡ˔ģĳ3â>ɋˡ̸˔ˮRƣǊ'N4�

�¢Χ9ɋˡ̸˔ˮRȖ%2�N�΃Ûˡû̔4΃åˡû̔9̸˔Ǚǖ:*O

+Oʁˈ%2͠˕RĒ��̊ ʆ¼ɲΙΩ9íƯ7ε�'N�̗ ̠:¼Χ9 1Ϥ¯
�9ΧΩ%�6�7HεQL(�̗ û̔7:ƵǛåΩ9�K* 1/47ʧƢ'NŌ
Ω9̸ɡ�Τæ#ON�!O:�̗û̔��¼ɡ9ƻʀ4ΩRΞɀ7˔ʇ'N

̗̠9ȼ̸̒˔3�N!47KN�̗û̔:�̗̠9Ȩϛ̸˔3H�N��̗

̠7ɜÛ%,̸ɡ9 90Ϥ¯�:ʡͱRɵɜ'N93�ϡͱ:ʧűʟ7�̸ÒĜ
46M�ˤ˾9ΥˠæĶ�º��ƵǛåΩ�ņ÷%2H�̸̗ɜΩ:�DMņ

÷)(�ΘûȎ9̸ɡæΤʄ:ʧűʟ7º�'N�22,23�� 
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2-2-3� ̗̠9ȼ̒ 
� ̗̠:�¼ˡ̏9ʉŞʈŅ4H��A�ˡ̏Ŋɡ9Ω4ɾʇþŠʟƻʀR̤

Ξʀǆ7˭Ǣ'N44H7�Ιó6�N�:ȖŨ6ɾͱRŹ×7ǩɔ'N�©

¼̠͢ĭ9×3H4�7Χͅ6̠ĭ9=403�N�̗̠:�̗û̔�LƵǛ

åΩ9˝ 25Ϥ9̸ɡRĒ��*9̸ɯɜΩ9˝ 20ϤRɲΙ%�Źˡ˔3*9ɍ
æΩ9Ō΢æRâğĐ'N44H7�Źˡ˔3ω͌ͱRŗG4'Nŋȷ6ɾͱ

9âğĐ4æɕR̹6��*9ƥʥRΕ̹%2�N�̗̠9ȼ̒:�̸ɯɠΎ

Ķ4ˡ̏ŊɡΩ9͠˕�ΥńĽƑ̻9͠˕�j�u^ͱ®ͥʊɾ9ǩɔ7÷��

Ʊʈ͠˕�Ͳ̸ʆʊʉ�K> Ca2+®ͥ7εQN}���æɕR̹�!43�N� 
� Źˡ˔9Ę΢¹:�*9Ȏ9ʉ¼9Ȟ±7Ʒ&2�Źˡ˔ɡ4ɾͱR§ǰ%

ę��¼ɡ9ƼƏƻRÇ0�Źˡ˔�!9K�6ƥôRĂæν,'7:�˔̘

à7Ξç6Ω4ˤǊ9Źˡ˔ɡ�Şķ'N!4�'6Q.�˚ʆ¼ɲΙ7KM

šŤ%,ŋΩ9ĊŹ�0�LONƶͅ��N�!O��1Ȇ 170L7HĎ?ĊŹ
�ɲΙ#O�*9 99ϤRŹˡ˔3âğĐ'N4����͆�ɺϜ7HE�N¾
ȳ�̗̠3̹QONʇʍ3�N�26�� 
� ̗Ʊʈ:�˚ʆ¼ɲΙ9,G7˘Ƈ7 ͏#O2�N�΃Ûˡû̔4΃åˡ

û̔9δ7˚ʆ¼4��ɋˡ̸˔�«ķ%�!!7ɊͿʟϢ�Ķϥ˝ 50mmHgϦ
9ŋΩ9̸ɡ�ɜO·F!47KM�úʄʟ7ɲΙ�̹QON�ɀƏǊ©3:�

˲ΧΩ3,�-� 300g9̗̠7ɜON̸ɜΩ:˝ 1L/æ¯�7Ď?�˲̸̗ɜ
Ω9 90Ϥ¯�:ʡͱ7æƌ%�ϡͱ̸ɜ:Ŷ6��ʡͱƱʈ:�4%2˚ʆ¼
ɲΙ7İN�˚ʆ¼ɲΙΩ4̸̗ɜΩ:�ƑĹ̸Ķ� 70ϱ180mmHg�L�D
39δ3ŉû%2H�΃Ûˡû̔4΃åˡû̔49˱ū6Βǲ7Ľ1�̣û͠

˕ȼȶ7KM�BC�Ť7Ç,ON�26�� 
̗ɵɜĶ��ȉ'N70O2Ź×9ɍ4 NaǩɔΩ�ņ÷'Nʅͨ�ELO�
ĶëŹ4Ĥ;ON�̸Ķ�ȉ7KM̗ɵɜĶ�ņŌ'N4�̗ϡͱ9�Υþˆ

ˠ65̸˔ǠƠɾͱ9ņ÷44H7̸ɜΩ�ņŌ%�ϡͱ9όɍĶ��ȉ%�

!O�Źˡ˔7��Nɍ9âğĐRɦŶ#)N4̄�LO2�N�27-30��D
,�ϡͱόɍĶ9�ȉ:�*9͘ˡ6ȼƕ:�Ȋ6�L�Źˡ˔7��N Na
9âğĐRɦŶ#)N4̄�LO2�N�31���(O7)K�!9ĶëŹ:�
̸Ķ9�ȉ7ű%2ɊͿʟ˷Ƭ7¾û'N±\mUxwU�ptl^ȼȶ9=

403�N4̄�LON� 
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2-3� ̗û̸̔ɜ4̗̠9ςŨ 
 
� ͵Ϗɗpy�ɖ7KN̗û̔˛9̸ɜΐƖ͏ɨ9̗ʗƿ@9̢ƔƷʋ4%2�

Ȕè7Ǥ LON9:�̗û̔ʂ˅9͔ȁ4ʿȯ̗9ȼ͖̒Ã3�N��9��
CKDI*9Ċıʗƿ@9ƷʋH6#O2�N�̗û̔I̗̮δû̔9̸ɜΐƖ
ɗƣ�L�Đ˻ȗȔϢ̸ɜΐƖϥPSVϦ4ǠƠȚȗ̸ɜΐƖϥEDVϦ�͏ɨ#
O��(PSV � EDV) / PSV�3˓å#ON̸˔ǙǖÅǽϥRIϦI�(PSV � EDV) 
/ ƑĹ̸ɜΐƖ�3˓å#ONǛûÅǽϥPIϦHK�ʋ�LON�Ĵ 2-7�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2-3-1� ̗û̔ʂ˅ 
� ̗û̔ʂ˅:�65Ƀ¯�9Ǉƻ̗̠ʘƿ̅9 6.8%�32��̵̸ƻƵʗƿRʕ
�ãû̔ΑƤ�ťȄ#O,ƿ̅9 20%�33���N�:βŃƻû̔ʲþʙƿ̅9
35ϱ52%7ELON4���34-36��̗û̔ʂ˅:�˗ʀû̔ʲþ7KMϢϣ

Ĵ 2-7� u�epy�ɖ7KNû̸̔ɜΐƖ9͏ɨɖ 
PSV=Đ˻ȗȔϢ̸ɜΐƖ; EDV=ǠƠȚȗ̸ɜΐƖ 

PSV�

EDV�

���

	��
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̅7ŋ�ʉ&N��̪ƒ̅7H̗û̔9˵˭ːƻʔƣǊIŌû̔ɷʙÊ̂9,

G7ʹ�N!4H�N�̗û̔ʂ˅:�!O7KŃƿ̗9ɵɜςŨRǅʭ%

,Ð˚ʆ¼ˡ̏��r�æɕRņI%��r�ϲT�dZm�c�ϲT�pem

��˛Rɛƻþ#)�̸̗˔ƻϢ̸ĶRǃʹ'N!47īϘ��N� 
� ̗û̔ʂ˅9͔ȁɖ4%2�͵Ϗɗȱȧ:\Vp�V�3HǬŒ#O2�N

��37��͵Ϗɗu�epy�ɖ7KNʂ˅΢4ʂ˅ƫ9̸ɜΐƖ9͑έ�×3
HȔHΧͅ3�N�̗û̔9 PSV:�ΏƏ 100 cm/sðƫ�10�3�N��ʂ
˅΢¹3:Ϣɜΐ46M�PSVϰ180 cm/s3�O;ʂ˅ʄ 50Ϥ¯�9ȖǄʂ˅
��3m/s¯�6L 60Ϥ¯�9ʂ˅��N4éŤ#ON�11-18��̗̮δû̔3
͏ɨ%, RI9ϢË:�țʙ7ˬʝ'N̗ȼ̒ςŨ�38�Ițʙƿ̅9¡ƫ�39�
4εΒ'N!4�ĿĢ#O2�N�D,�RIϰ0.89ŀę:�̸̹âƙ̺9úν
�º�4#O2�N�19��  
 
2-3-2� Ϣ̸Ķ4̗ʲþʙ 
� ̗ʲþʙ:�ΰȗδ9Ϣ̸Ķ7εΒ%2ʉ&N̗ˡû̔9ʲþƻŉþ7KM�

̸̗ɜΩ9º�R«%2�̗δͱ9˵˭þI˚ʆ¼9ʲþ����̗ςŨ�L

̗�Ü@4Δ̹'Nʗƿ3�N� ʅķ�ΎȣŴÛĊʗƿ9ˍ 3¹RćG��0
ņ÷ÒĜ7�N�40��  
� ͵ϏɗǏ͆4%2�¬9̗ʗƿ7Ɋ%�̗ʡͱ9̭˻�ϙ̯3�N!4�Ǥ

 LON�41,42��͵Ϗɗu�epy�ɖ3:�̗̮δû̔9 RI��ˡû̔ʲ
þRďȌ%2ņŌ'N4ĿĢ#O2�N�43�� 
 
2-3-3� ˙Źʘƻ̗ʙ 
� ĉʉùÓʨ7KN˙Źʘťǆ͠ȧ3:�˙Źʘƿ̅ǽ:ņ÷I©ē9Ϣϣþ

44H7�˙Źʘƻ̗ʙ:�1998ƒ7Ǉƻ˚ʆ¼̗ɷRǘ�2Ȃ͇ΎȣʛɖŴ
ÛʙÁ9Ċʗƿ9ˍ 1¹46M�2012ƒȚ7:*9 44.1%ϥ16,831©ϦRćG
N7̤/2�N�˙Źʘƻ̗ʙ:�ΰȗδǢˬ'NϢ̸˙7¶�̠ĭςŨ9=

403�M�Ǉƻʟ7Δ̹'N�ƲΩT�x��Ź3ʝʙ%�ϙƻ9̶ʞŹ�

ņ÷'N44H7�±w��hʙÊ̂I̗ȼ̒ςŨR¿ʝ%�Ȕˣʟ7:Țȗ

̗�Ü7̤MǇƻΎȣʛɖ�ƶͅ46N�˙Źʘƻ̗ʙƿ̅:�!ORę¿%

2�6�˙Źʘƿ̅7ɊA�Ƶ̸˔ʗƿR¿ʝ'N�e^�Ϣ��ʉĥ¡ƫ:

�̧3�N�%,�/2�Țȗ̗�Ü@9Δ̹4Ƶ̸˔ʗƿ9ʝʙ9Ǖí9,
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G7�*9Ȉȗ͔ȁ9Χͅƻ:Ϣ��40,44,45�� 
˙Źʘƻ̗ʙ3:�̗˚ʆ¼ΈÐ7Şķ'N�b�]W�ˡ̏9ˡ̏ÑŨI

ˡ̏ŊĽͱ9ņ÷�ʉ&�˚ʆ¼ʲþI̗ȼ̒ςŨ�ǃʹ#ON4���˙Ź

ʘ�L̗ʙ7̤Nȼƕ7:�Ϣ̸˙*9H97KN̗9ŋȷ6ƼƏƻ˭Ǣȼȶ

9ʦǫʟ6ǵ�4Ϣ̸˙7ˬʝ'N΃Ûˡû̔9ǠƠ4˚ʆ¼39ΙóɲΙ6

59̗ƱʈʔƏ9�̅�ε�'N4ʥ#O2�N��46��ș-7�Ȋ9ɸHŋ
�� 
� ͵ϏɗǏ͆4%2�*9ɊͿʟȈȗ�L�̗9̙Ō�ELON4���*9

�ȃ3:�̗ςŨ�Δ̹%2H�̗9ƣǆŠʟŉþ:F%PŶ6�!4�*9

ɿƳ4#O2�N�41,42��u�epy�ɖ3:�Δ̹%,˙Źʘƻ̗ʙÁ3
:�˚ʆ¼ʲþIˡû̔ʲþRďȌ%2�̗̮δû̔9 RI�ņŌ'N4ĿĢ#
O2�N�47-56�� 
 
2-3-4� Ǉƻ̗�Ü 
� Ǉƻ̗�Ü:�Ęˁ9̗ʗƿ7KN̗ťͱςŨ9,G7˚ʆ¼ɲΙ̒�º�

%�¼ɡ9ƼƏƻ9˭Ǣ�Ĳψ76/,ʀǆ3�M�ΏƏ��Ĕ΍ʟ3Δ̹ƻ

9ʘǆ3�N�Ċıʗƿ:˙Źʘƻ̗ʙ�ȔHŋ��Ǉƻ˚ʆ¼̗ɷ�̗ʲþ

ʙ�!O7ˬ��40��ŋĮ̗̏�Ǉƻ̗ʢ̗ɷ�̸̗ɜςŨ�N�:Ź͸βŃ
7K/2�,#ON!4H�N� 
� ̗�Ü9Ǌı:ŋȷ3�N��ßΏ'N͵ϏɗǏ͆4%2�̗̠9̭˻�ť

ͱ9̬̲þ�ʡͱYa��{�9�ȉ�ʡϡŅʒ΢9�Ȋʬþ�΅˹9�Ǿ4

ģĳˤ˾49Ņʒ9�Ȋʬþ��K>ʯɶþ9åʅ65�͊ŭ#ON�41��u
�epy�ɖ7KN̗̮δû̔9̸ɜΐƖɗƣ:�PSV�EDV�RI9�(OH
�º�ÒĜRʵ'��ɿ7 EDV9º��ϙ̯3�N4���57�� 
 
2-3-5� ʿȯ̗ 
� ̗ʿȯ:�Țȗ̗�Ü9Ȫɒʟɒʛɖ3�M�ÙʖǕíʛɖ9ΔɁ7KM�

*9ʉʪʄ4¡ƫ:̧Ŕ3�N�Q�ĵ3:ƒδ 1600±B59ʿȯǐ̺�ťȄ
#O2�N�ʿ ȯ̗9ȼ̒ςŨ9Ċı4%2�ƺƻŹˡ˔ňɅ�ƺƻǜ˪ďƷ�

Ǉƻʿȯ̗ʙ�̳òƻ̗ςŨ�ʿȯ̗û̔ʂ˅65��N� 
� ʿȯ̗:¼̼�LΈ�̛Ϡˇ7ʿȯ#ON,G�̧Ŕ6͵ϏɗʑÔRƮȋ��

u�epy�ɖ3H�Ĥğ7KNû��̣Ɖ̗KMŶ6�,Gb�y�~��
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�� Ť�ũȋ3�M�D,͵Ϗɗv��R̸ɜ9ȃĜ7ęQ)ȋ�93̧ͱ

9̸ɜΐƖɗƣ�ƮLON�58��̺ʦƫ9ƺƻŹˡ˔ňɅȗ7��NɺŹ�L
9İư:̗ʡͱ̸ɜ9ǶĬ4ūǫ7εΒ'N93�u�epy�ɖ7KNĀĻ

û̔9 PSV 30cm/s¯�I PI 1.5¯�:�ëŹγŗ9¡ɨ7ƥˈ04#O2�
N�59��ƺƻǜ˪ďƷ9͵ϏɗǏ͆:�δͱ9ɞ̙I̸˔ɷRďȌ'N�̗̙
Ō�̗ģĳ9ɡ¼ͫʓÔ�ʡͱ9̉ĉ�ʡͱYa��{�9�ȉ�K>ʡϡŅ

ʒ΢9�Ȋʬþ653�N�ƺƻǜ˪ďƷ:�ˡ̏ƻ4̸˔ƻ7Ōê#ON�

�60��u�epy�ɖ7KM�ˡ̏ƻ3:̮δû̔9�̸˔ƻ3:ĀĻû̔9
PSV�ºËR�PI:ϢËR4N4ĿĢ#O2�N�61-64�� 
� Ǉƻȗ9ʿȯ̗ȼ̒�Ü7:�Ǉƻǜ˪ďƷ�ε�'NH94%6�H9�

��N��*9˵Ɲ�:ũȋ3:6�,G�Ǉƻʿȯ̗ʙ4˲ʾ#ON�*9

Ľțʘŉ:×ŵû̔9ɏƵƻ̉ĉ4δͱ9>DSƻ˵˭þ3�N�͵Ϗɗȱȧ

3:�*9Δ̹7¶�ʿȯ̗:̭˻%�ʡͱYa��{�9�ȉ�ʡϡŅʒ΢

9�Ȋʬþ65�ELON�u�epy�ɖ3:�̮ δû̔9PI�D(�ȉ%�
ςŨ�ϢƖ76N4�̮ δû̔-�36�ĀĻû̔7H̸ɜʔƏ�'6Q. PSV
9º�4 PI9�ȉ�ELONK�76N4���62�� 
 
2-4� ̗ό̸̔ɜ4̗̠9ςŨ 
 
� ͵Ϗɗu�epy�ɖ7KN̗ό̸̔ɜ͏ɨ9̢ƔƷʋ7ε'Nʰ˃:Ŷ6

���qlo^�l[�ʙÊ̂�βŃƻ̗ʙ�ŕřϢ̸Ķ̗ʙ�K>˙Źʘƻ

̗ʙ9͔ȁ7ε'NĿĢ�ǻ͆#ON�65-75��!OL9ĿĢ3:�̗ό̔I
̗̮δό̔9ȔŌɜΐϥVMAXϦ4ȔŵɜΐϥVMINϦR͏ɨ%��(VMAX � VMIN) 
/ VMAX�7 venous impedance index4��ěʾR��2�ȱ…7ʋ�2�N�
%�%�̗̮δό̔65̠ĭà9ό̔:�*9×7Ǚǖ̸˔RǢ0û̔4:ʔ

6M�ȴG2a�y�VT�e7ŬFÜͺ9ό̔˛7ǫˬ%�#L7*9×3

:ό̔7Ɋ%Ķŉû9Ō��Ƶ̠4H˽�/2�M�Ć˞7̠ĭà7��Nό

̔9ǙǖI·żƻ-�RďȌ'NH93:6�4ʻ:̄�,�!9,G�̒ :�

��2¬9ʰ˃̅�À/2�, venous impedance index4��ěʾRÀʋ)
(�̸ɜΐƖŉûÅǽ flow velocity oscillation rateϥFVORϦ4��ĤʾR̄
Ȭ%�ț͡ǿ3:H/<L!9ĤʾRʋ�N!44%,�Ĵ 2-8�� 
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2-4-1� qlo^�l[�ʙÊ̂ 
� qlo^�l[�ʅͨ:�Ɔ̗ό̔�!ORǥFK�7ͳ̹'N�̛δ̟û

̔4̜΢Ōû̔9ĶΊ7KM̸̹ςŨR�,%�Ɔ̗ό̔Ķ��ȉ%,˦ν�

ɋˡ̸˔�ʱ˯'N,G7̸ŹR�,'ʘǆ3�N�ʑÔ͔ȁ7KM�Ɔ̗ό

̔9ǠƠ4�̛δ̟û̔ƫώ�LŌû̔ðώD39ͷχ9ʮ˻ϥ5mm¯�Ϧ�
�O;țʙÊ̂�ʕQON�76,77��� �  
� GullerogluL�65�:�Ɔ̗ό̔ʂ˅΢9Ϣΐ̸ɜϥVMAX
100cm/sϦ9Ş
ķ�țʙÊ̂9͔ȁ7Ȗʋ3�/,4ĿĢ%,�IshidoyaL�66�:�țʙÊ
̂ƿ̅3:�Ɔ̗ό̔ȚȭÏ9 VMAX� 15cm/sșɩ7º�'N!4Rʵ%,�
CheonL�67�:�Ɔ̗ό̔9ʂ˅΢ VMAX 4ȚȭÏ VMAX 9Ɋ9ņŌ7ɘʥ
%�*9[loZwË 4.7Rʋ�N4țʙÊ̂ƿ̅RǅƖ 100Ϥ�ɿʔƖ 90Ϥ�
ɀ͔ʄ 93Ϥ3͔ȁ3�,4ĿĢ%,�ʂ˅΢/Țȭ΢ VMAX Ɋ7÷�2�Park
L�68�:ʂ˅΢/ȚȭÏàƨɊR�FitozL�69�:�̛δ̟û̔9ʹŗ͋R

Ĵ 2-8� u�epy�ɖ7KNό̸̔ɜΐƖ9͏ɨɖ 
VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ 

VMAX�

VMIN�

���

	��
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¿)2ȱ…%,��u�epy�ɖ7KN VMAXɊĆʁ39͔ȁʄ7ÕNH93

:6�/,4ĿĢ%2�N� 
 
2-4-2� βŃƻ̗ʙ 
� Ź͸βŃ:�ðˈ̝ʗƿ�̞̐ȼ̒ςŨ�Ź͸˦ʯ�ϠʤàIƫ̜̟̘9̙

ʚƻʘŉ657KM�,#O�ȆƏʟ7ΟΗ'Nȼ³9ŋ�ʘǆ3�N�̗ʢ

4̗Ƞ:ǠƠ%�̗ťͱ:̬̲þ%2��QJNɍ̗ʙR�,'�ϢƖ9βŃ

�ΰȗþ'N4�̗δͱ9˵˭þ4ȼ̒±w��ǽ9ɦŶ�����Ĕ΍ƻ9

̗ςŨ7̤N�!9K�6Ź͸βŃ7¶�̗ςŨRβŃƻ̗ʙ4Ĥ?�78�� 
� BatemanL�70�:�ƺƻ9Ź˔˦ʯƿ̅7��2�ƿÏ9̗̮δό̔3:�
VMAX��ȉ% FVOR�º�%2�,4ĿĢ%,�OktarL�71�:�Ź͸β
Ń9ƺƻȗ7:ƿÏ̗̮δό̔9 FVOR�º�'N��Ǉƻȗ7:*O�ʥˈ
,6�6/,4ĿĢ%2�N�ƦL:�ƺƻŹ͸βŃ7KNδͱĶ9�ȉ7Ľ

1��ό̔9ʂŵþ� VMAX�ȉR�ό̔a�y�VT�e9º�� FVORº
�R�,%,Ċı3�P�4̄ŭ%2�N� 
 
2-4-3� ŕřϢ̸Ķ̗ʙ 
� ŕřϢ̸ĶʙÊ̂:�ŕř 20Γ¯θ�LæŚƫ 12ΓD39δ7Ϣ̸Ķ�E
LONH9R�D,�ŕřϢ̸Ķ̗ʙ:!O7̶ʞŹR¶�H9Rǣ'�ŕř

Ϣ̸Ķ̗ʙ:���OSʝ¾ϥŝʜϦ�̖å̸659Ϣ̸Ķƻę¿ʙ�N�:̗

ȼ̒ςŨ659Ɉ¼@9Ƥϐ:H.PS�ŝŧà̎Úʝ̋ΖƘI̎ÚɅ¥65

̎Ú7HΧŌ6ƤϐR���N93�*9Ȉȗ͔ȁ:Χͅ3�N�79�� 
� BatemanL�72�:�ŕřϢ̸Ķ̗ʙ3:�*O�6�ŕśKM�̗̮δό
̔9 FVOR��ȉ%2�,4ĿĢ%,�ƦL:�Ϣ̸Ķ7¶�ĶëŹȑ˵9ĕ
ȃʿû�̗ϡͱĶ9º�RH,L%�!O�ό̔a�y�VT�eRņŌ#)�

̮δό̸̔ɜ9Ǜûƻ�ņ%,93:6��4̄ŭ%2�N�÷�2�

GyselaersL�73,74�:�ŕř 32Γșɩ7ʝʙ'NȈʝĺ9ŕřϢ̸Ķ̗ʙ
3:�*O¯θ7ʝʙ'NΖʝĺKM̗̮δό̔9 FVOR�Ϣ��D,�FVOR
�ȉ9ˀƖ�º¼ΧåʉI̶ʞŹ9ˀƖ4εΒ%,4ĿĢ%2�N� 
 
2-4-4� ˙Źʘƻ̗ʙ 
� ×7 2-3-33΋A,K�7�̇ Źʘƻ̗ʙ4̗û̔˛9̸ɜʔƏ49εÅ70
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�29ΙČ9ʰ˃:Ŷ6�L(�N�%�%�̗ό̔˛9̸ɜ49εÅ70�

2:�̒ �͠A�,˖ĳ3: JeongL�75�9ĿĢREN9E3�N�ƦL:�
˙Źʘƻ̗ʙƿ̅3:�̗̮δό̔9 FVOR�ÎƏ©KMº�%2�,4ĿĢ
%,�ƦL:�˙Źʘƻ̗ʙ7KNδͱ9˵˭þ��̗ťͱ9�=�2:̗̮

δό̔9a�y�VT�eº�RǞ�,˦ν3:6��4̄ŭ%2�N�ƦL

:�Ȉȗ̗ʙ4ϙƻ̗ʙȗ3 FVOR9ȖǄƈ:6�/,4H͑΀%2�N�ʻ
:�T�x��ŹR͚GN�̗ȼ̒ςŨ:Ȋʬ3:6�èȗ9̗ʙƿ̅7�ό

̔RĶΊ%�*9a�y�VT�e7ƤϐR��NB59̗ťͱ9ĭͱʟςŨ

�ʉ&N!47:�ʕīRǅ&$NRƮ6�� 
 
2-5 ŵǡ 
 
� ͵Ϗɗpy�ɖ9̢ƔƷʋ�ŗD/2�L�H:I 50ƒ¯��˥Ι%,�*
9δ�!9ȃɖ:�Ƶ̠à9̸ɜæȣ@9Ʒʋ�˘õʟ7ΔGLO�ª3:Ȇ

Ə9Ƶȼ͖̒Ã7ƶͅ�ĔȽ9ǐɖ46/2�N�py�ɖ�4�7u�ep

y�ɖ:Üͺ9̸˔9̸ɜΐƖɗƣ9͑έ7HΞ%2�M�̗Ʊʈ9͖Ã7H

Ʒʋ#ONK�76/2�,�Έƒ�Ǉƻ̗̠ʘƿ̅:ņ÷%�ƿ̅¡ƫRŌ

��Ɔĕ'N!9ʘǆ@9εƵ�ϢD/2�,� 
2015ƒ7�Ȇț͵ϏɗāŠ³:̗ʗƿ9ȹɫʟ͖ÃɖRˑŤ%�Þ̼%,�
*!7:�u�epy�ɖ7KN̗û̔˛9̸ɜ͖Ã9Ǆ̃��̗û̔ʂ˅I

ʿȯ̗@9ƷʋR×Ƶ7͑΀#O2�M�Ǉƻ̗̠ʘI*9Ľʴʗƿ@9Ʒʋ

7ε%2H�Ŷ6�6�L͑΀��N�%�%�̗ό̸̔ɜ7ε'N͑΀:D

/,�ELO6�� 
͵Ϗɗu�epy�ɖ9̗ό̸̔ɜ9͖Ã70�2:�D-Yvn�e�ȴ

G2Ŷ6��*9̢ƔƷʋ:qlo^�l[�ʙÊ̂IβŃƻ̗ʙ65�"�

�΢9ʗƿ7ιLO2�N�Ǉƻ̗̠ʘ9�ͅ6Ċı3�N˙ŹʘIϢ̸ĶI

!OL7Ľ1�̗ʙ9͖Ã7ε'NĿĢ:ȴG2Ŷ6��!OL9ʘǆ͖Ã7

��N̗ό̸̔ɜ͖Ã9̢ƔʟǄ̃:B4S5�Ȋ9DD3�N4�/2K��

͵Ϗɗu�epy�ɖ7KN˙ŹʘIϢ̸Ķ9ƿ̅7��N̗Ʊʈûǆ9͖Ã

:�!OL7K/2Ɲ�ʹ!#ON̗ςŨ9ʘǆ͌Ȋ4Ȉȗ͔ȁ7Ō��Ū�

'NĔ̒ƻ��N� 
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ˍ 3ˉ� ÎƏ©9̗ό̔˛9̸ɜΐƖɗƣ9æȣ 
 
 
3-1� :&G7 
 
� ʷ³9Ϣϣþ44H7�̗ςŨRȖ'Nƿ̅:ņ÷%�*9ƿ̅¡ƫ7ĎC

'Ƥϐ�ɘʥ#O2�N�̗̠:ƵǛåΩ9 20ϤR͵�NŌΩ9̸ɡ�υDN
̠ĭ3�N��1��*9̸ɡƱʈûǆ7:ș-7�Ȋ9ɸ�ŋ��͵Ϗɗ7K
N̗û̸̔ɜ9͖Ã:�̗û̔ʂ˅9͔ȁ�2-10�Iʿȯ̗9ȼ͖̒Ã�2,11�
657ƥˈ0!4�ʭLO2�N��ȃ�̗ό̸̔ɜ70�2:�qlo^�

l[�ʙÊ̂9͔ȁ7Ȗʋ3�/,4'N��0�9ʰ˃�12-16�¯Ŋ7:�
˙Źʘƻ̗ʙ�17��ŕř×ɉʙ�18��N�:Ƶ�Ü�19�RǑ/,"�Ŷǽ
9ĿĢREN9E3�M�*9ʘʟŉþ:�P��ɀƏ9Ʊʈûǆ#�HK�

Q�/2�6��*!3�țʰ˃3:�͵Ϗɗpy�ɖ7KM�ÎƏ©9̗ό

̔I̗̮δό̔9̸ɜΐƖɗƣR͑έ%�*9ʉʇʟ6̸ɜûǆ�'6Q.̸

ɜΐƖ�*9Ĥğƻŉû�K>Ɔĕƈ65Rȱ…'N� 
 
 
3-2� űͨ4ȃɖ 
 
3-2-1� űͨ 
� űͨ:�Ǭ˓˚ʆ¼ɲΙΩϥeGFRϦ�ɀƏ3�M��0̜΢͵Ϗɗȱȧ3̗
̠7ƣǆŠʟʔƏR͚G6�/,ÎƏ~��mUT 39Á3�ʐƻ� 20Á�œ
ƻ� 19Á3�ƒϣ: 20Ƀϱ47Ƀϥ26.6�7.3ɃϦ3�/,�6��țʰ˃:�
ÿɟΚŌŠʘκ̣�̢Ɣʰ˃ŰȧŘħ³9ǒ͚RƮ,��3�̽ȱ̅Üħ�L

ǿȒ7KN͝Ȋ4ǒͣRƮ2ťȄ%,� 
 
3-2-2� u�epy�ɖ7KN�Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔9͏ɨ
ϥĴ 3-1Ϧ 
� GEʷ́ LOGIQ E9͵Ϗɗ̾̀4 C1-6Ǫ͍ŝϥGE Healthcare, Milwaukee, 
WI, USAϦRʋ�2�°̡¹9̽ȱ̅7ű%2˥̜Ňʟ7Ya�ȱȧR̹/,�
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a b c

VMIN
VMAX

VMIN VMIN
VMAX

VMAX

Ĵ 3-1� u�epy�ɖ7KN�Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔9͏
ɨ 
�Ōό̔ϥaϦ�ĕ̗ό̔ϥbϦ�K>ĕ̗̮δό̔ϥcϦ9̸ɜΐƖɗƣRʵ
'� 
VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ 

B��pɖ\Vp�9u�epy�ɖ7KM�Ōό̔4Ɔĕ9̗ό̔9�D,�
[��py�ɖ\Vp�u�epy�ɖ3Ɔĕ9̗̮δό̔9̸ɜΐƖɗƣR�

*O+OɝĤɌ¹4ɝğɌ¹9ƽȿG�3͑έ%,��Ōό̔4Ɔĕ9̗ό̔

70�2:�B��pÔ9̸˔ͳ̹7Ľ1�py�Ûų͋9͋Ɩ̀ɀR̹/,�
Ɔĕ̮δûό̔70�2:�[��py�ɖ3Ǯå#ON̸ɜȃĜ7�v��

R3�N-��̥#)NK�7͏ɨ%�͋Ɩ̀ɀ:̹Q6�/,�20�� 
Ęό̔9̸ɜΐƖɗƣ�L�ȔŌɜΐϥVMAX�cm/sϦ4ȔŵɜΐϥVMIN�cm/sϦ
R͏ɨ%�flow velocity oscillation rateϥFVORϦR�ƛ7KM˓å%,� 

FVOR = (VMAX � VMIN) / VMAX 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3-2-3� ˩͏ 
� 'A29˩͏͌ȣR�ȹɫʟ6˩͏iwoWXTϥSPSS version 23 for 
Windows, SPSS, Chicago, IL, USAϦRʋ�2̹/,�ɜΐË70�2:Ü2Ƒ
ĹË�SDR͑%,�Ĥğƻŉû�K>Ɔĕƈ9ɊͿ7:űƷ9�N tȱŤRʋ
�,�Ę΢¹δ9ɜΐ9ɊͿ7�,/2:�æǻæȣ7KMȖǄ9̂δƈ9Ȗ

ɺRȱŤ%�*O��O;�É�9̂δƈ9ȖɺRŋΧæȣϥTukey / 
Games-HowellϦ7KMȱŤ%,�'A29͌ȣ7��2�ĈμʄϥPϦ5Ϥș
ɩRȖǄ4éŤ%,� 
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3-3� ˦ν 
 
3-3-1� Ęό̔9̸ɜ͏ɨËϥ̼ 3-1Ϧ 
� �Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔7��N VMAX�VMIN�K> FVOR
9ğɌȎ4ĤɌȎ9Ë�K>�̅9ƑĹËR̼ 3-17ʵ%,� 
 
̼ 3-1ϩ�Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔9͏ɨË 

 ğɌ ĤɌ ğɌ�ĤɌƑĹË 
�Ōό̔    

VMAX (cm/s) 57.9�26.1 48.4�23.7 51.9�23.9 
VMIN (cm/s) 10.4�22.5 4.9�18.9 7.6�18.6 
FVOR 0.87�0.31 0.95�0.31 0.90�0.28 
ĕ̗ό̔    

VMAX (cm/s) 19.5�5.1 18.5�5.0 19.0�4.3 
VMIN (cm/s) 6.7�4.2 5.8�3.2 6.2�3.2 
FVOR 0.66�0.18 0.67�0.18 0.67�0.15 
Ɔ̗ό̔    

VMAX (cm/s) 14.9�4.5 16.2�4.9 15.5�4.2 
VMIN (cm/s) 8.4�2.5 8.3�2.4 8.4�2.1 
FVOR 0.42�0.12 0.48�0.14 0.44�0.12 
ĕ̗̮δό̔    

VMAX (cm/s) 8.9�1.7 9.3�2.0 9.1�1.8 
VMIN (cm/s) 4.2�1.1 4.1�1.3 4.2�1.1 
FVOR 0.53�0.09 0.58�0.08 0.55�0.08 
Ɔ̗̮δό̔    

VMAX (cm/s) 8.3�2.5 8.1�2.2 8.2�2.2 
VMIN (cm/s) 4.2�1.8 4.2�1.4 4.2�1.4 
FVOR 0.49�0.10 0.47�0.09 0.48�0.09 

VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ; FVOR= flow velocity oscillation rate 
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3-3-2� Ĥğƻŉû9ȱ…ϥĴ 3-2Ϧ 
� �Ōό̔3:�ğɌȎ7ĤɌȎKM VMAX4 VMIN�ȖǄ7Ō��/,�ϥϒ

7�57.5�26.1 vs 46.4�23.6�P<0.001�10.4�22.5 vs 4.9�16.9�P=0.017Ϧ�
FVOR7:ȖǄƈR͚G6�/,�Ɔĕ9̗ό̔4Ɔĕ9̗̮δό̔7:�VMAX

4 VMIN4H7ȖǄ9ĤğƻŉûR͚G6�/,��Ɔ̗ό̔4ĕ̗̮δό̔9

FVOR:ğɌȎ7ĤɌȎKMȖǄ7ŵ3�/,ϥϒ7�0.42�0.12 vs 0.46�0.14�
P=0.048�0.53�0.09 vs 0.56�0.08�P=0.026Ϧ� 
 
 

 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Ĵ 3-2. Ĥğƻŉû9ȱ… 
�Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔9 VMAXϥaϦ�VMINϥbϦ�K>
FVORϥcϦ*O+O9Ĥğƻŉû9ȱ…˦νRʵ'� 
VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ; FVOR= flow velocity oscillation rate 

a b c

0 

5 

10 

15 

20 

25 

30 

35 

1 2 3 4 5

��

��

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

��

��

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1 2 3 4 5

��

��

V
M

A
X
(c

m
/s

)

V
M

IN
(c

m
/s

)

FV
O

R

P<0.001 P=0.017

P=0.026

P=0.048

�
	
�
�

�
	


�
�
�

�
	


�
�
�

�
�
�
�

�
	
�
�

�
	
�
�

�
	


�
�
�

�
	


�
�
�

�
�
�
�

�
	
�
�

�
	
�
�

�
	


�
�
�

�
	


�
�
�

�
�
�
�

�
	
�
�



 �35� 

3-3-3� Ɔĕƈ9ȱ…ϥĴ 3-3Ϧ 
� ĕ̗ό̔3:Ɔ̗ό̔KM�VMAX4 FVOR9ğɌϲĤɌƑĹË�ȖǄ7Ō3
�Mϥϒ7�19.0�4.3 vs 15.5�4.2�P<0.001�0.67�0.15 vs 0.44�0.12�
P<0.001Ϧ�VMIN:ȖǄ7ŵ3�/,ϥ6.2�3.2 vs 8.4�2.1�P=0.001Ϧ�ĕ̗
̮δό̔3:Ɔ̗̮δό̔KM�VMAX4 FVOR9ğɌϲĤɌƑĹË�ȖǄ7Ō
3�/,�ϥϒ7�9.1�1.6 vs 8.2�2.2�P=0.015�0.55�0.08 vs 0.48�0.09�
P<0.001Ϧ�VMIN7ȖǄƈ:͚G6�/,� 
 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ĵ 3-3. Ɔĕƈ9ȱ… 
̗ό̔4̗̮δό̔9 VMAXϥaϦ�VMINϥbϦ�K> FVORϥcϦ*O+O9
Ɔĕƈ9ȱ…˦νRʵ'� 
VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ; FVOR= flow velocity oscillation rate 
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3-3-4� Βˬ'Nό̔δ9΢¹ƈ9ȱ…ϥĴ 3-4Ϧ 
� VMAX9ğɌϲĤɌƑĹË:��Ōό̔ϥ62.0�23.9Ϧ3:�Ɔĕ9̗ό̔*O
+OϥĕϮ19.0�4.3�ƆϮ15.5�4.2ϦKMȖǄ7Ō3�Mϥ4H7 P<0.001Ϧ�
Ɔĕ9̗ό̔3:*O+OĚÏ9̗̮δό̔ϥĕϮ9.1�1.6�ƆϮ8.2�2.2ϦK
MȖǄ7Ō3�/,ϥ4H7 P<0.001Ϧ�VMIN9ğɌϲĤɌƑĹË7:�΢¹7

KNȖǄƈR͚G6�/,�FVOR9ğɌϲĤɌƑĹË:��Ōό ϥ̔0.91�0.28Ϧ
3:Ɔĕ9̗ό̔*O+OϥĕϮ0.67�0.14�ƆϮ0.44�0.12ϦKMȖǄ7Ō3
�Mϥ4H7 P<0.001Ϧ�ĕ̗ό̔3:ĚÏ9̗̮δό̔KMȖǄ7Ō3�/,
ϥ0.67�0.14 vs 0.55�0.08�P<0.001Ϧ�Ɔ̗ό̔4Ɔ̗̮δό̔49δ7ȖǄ
ƈ:͚G6�/,� 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

Ĵ 3-4. Βˬ'Nό̔δ9΢¹ƈ9ȱ… 
�Ōό̔�Ɔĕ9̗ό̔�K>̗̮δό̔9 VMAXϥaϦ�VMINϥbϦ�K> FVOR
ϥcϦRɊͿ%�Βˬ'Nό̔δ9΢¹ƈRȱ…%,˦νRʵ'� 
VMAX=ȔŌɜΐ; VMIN=Ȕŵɜΐ; FVOR= flow velocity oscillation rate 
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3-4� ̄ŭ 
 
3-4-1� Ĥğƻŉû 
� �Ōό̔3:�ȔŌ�K>Ȕŵɜΐ4H7Ĥğƻŉû�Ȋʬ3�M�ğɌȎ

7ņŌ%ĤɌȎ7ɦŶ%,��Ōό̔ɜΐ9ğɌȎņŌ:�̘̑àĶ4Βû'

NĕǎĶ4ό̔Ķ9º�7¶�ό̔ȁώ˂9ɦŶ4ɜΩ9ņŌ7ʹı'N4̄

�LO,�21���ȃ�Ɔĕ9̗ό̔I̗̮δό̔9ɜΐ7:Ȋʬ6Ĥğƻŉû
R͚G6�/,���΢7: FVOR7ƈR͚G,�ƭ/2�̗ό̔˛9̸ɜ͖
Ã7�,/2:�ğɌ4ĤɌ9ƑĹËRʋ�N9�ŖƢ3�N4̄�LO,� 
 
3-4-2� ΢¹ƈ4Ɔĕƈ 
țʰ˃7KM��Ōό̔3:̗ό̔KM�D,̗ό̔3:̮δό̔KM�Ȕ

Ōɜΐ�Ȕŵɜΐ�K> FVOR9'A2�Ō��!4�Q�/,�'6Q.�
̗̠�LƵ̠7Ĝ��B5�ɜΐ4Ǜûƻ�ņ%2��4̄�LO,�*9Ċ

ı7:�Ę�{�39ό̔˲ȁώ˂9ƈʔ44H7�ĕǎ7Έ�B5*9Ķŉ

þ9ƤϐRĒ�I'�!4�ε�'N4̄�LO,�D,�̗ό̔I̮δό̔

9ɜΐ:�ȵ%2ĕÏ3ƆÏKMΐ�ÒĜRʵ%,�!O:�ĕ̗ό̔�Ɔ̗

ό̔KMʮ�,G7�22��ĕÏ9ȃ��ĕǎĶ9ƤϐRKMĒ�I'�!4R
ďȌ%,93:6��4̄�LO,� 
 
3-4-3� ̗ό̸̔ɜ͖Ã9Ǆ̃ 
!OD3�̗ό̸̔ɜ7ε'Nʰ˃:ȴG2Ŷ6��ÎƏ©9̸ɜûǆR͘

%�æȣ%,ĿĢ:6��GullerogluL�12�:�qlo^�l[�ʙÊ̂9
͔ȁ7Ɔ̗ό̔ʂ˅΢9ȔŌɜΐ� 100cm/s¯�3�N!4�Ȗʋ3�/,4
΋A2�N�D,�IshidoyaL�13�:�qlo^�l[�ʙÊ̂9ƿ̅3:�
Ɔ̗ό̔ȚȭÏ9ȔŌɜΐ� 15cm/sșɩ7º�%2�,4ĿĢ%2�N�%�
%�ƦL9͡ǿ7:�ÎƏ©9̗ό̸̔ɜΐƖ70�29Ăæ6ȱ…˦ν:ʵ

#O2�6��ƭ/2�țʰ˃9Ǌ˼:�țʙÊ̂Rɀʳ7͔ȁ'N,G9Ľ

ʴn�j4%2ƥˈ04̄�LON� 
D,�̗ό̸̔ɜ͖Ã:�̗ƱʈςŨR¶�¬9̗ʗƿIƵʗƿ7KN̗ς

Ũ9͔ȁ7HȖʋ�H%O6��JeongL�17�:�˙Źʘƻ̗ʙ3:�̗̮
δό̔9 FVOR�ÎƏ©KMº�%2�,4ĿĢ%2�N�BatemanL�18�
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:�ŕřϢ̸Ķʙƻ̗ʙ3:ę¿ʙ9ɺ�ŕśKM̗̮δό̔9 FVOR��ȉ
%2�,4ĿĢ%2�N�IidaL�19�:Ƶ�Ü3ʹ!N̗̮δό̔9ɗƣŉ
þRuj��æϚ%�*9¡ƫ49εΒRĿĢ%,�%�%�!OL9īϘ7

0�2:�ș-7ȱ…:Ŷ6��̗ό̸̔ɜ͖Ã9Ǆ̃:ĂæŤʪ%2�N4

:��6��*9ʇʍ9�0��țʰ˃3ʵ%,K�6�ɀƏÁ39˰ū6Ľ

țʟȱ…�̹QO2�6�/,!47�N4̄�LON�ªƫ�̗ό̔ɜΐ͏

ɨ9̢ƔʟǄ̃Rʳˈ'N,G7:�͏ɨ΢¹IĤğʧ65�*9͏ɨȃɖR

ȹɫþ'N44H7�*9ɀƏĻRȊʳ7ŤGNƶͅ��M�*9,G7țʰ

˃9˦ν�ƥˈ04̄�LO,� 
 
3-4-4� țʰ˃9ιʒ 
� țʰ˃9ιʒ4%2�ªİ:̪ƒ̅4×ƒ̅9E9n�j%�Đυ'N!4

�3�(�Ϣϣ̅9̸ɜûǆ:�Ȋ3�/,!4�� LON�ªƫ�̗ό̔

�K>̗̮δό̔9ɀƏĻRȊʳ7'N,G7:�KMƓ�ƒϣŽ39ȱ…�

ƶͅ3�N4̄�N� 
 
 
3-5� ŵǡ 
 
� ɊͿʟ̪ƒ9ÎƏ©7��2�̗ό̔I̗̮δό̔9̸ɜΐƖ7:��Ōό

̔KM:Ν�7Ŷ6���̪Ɛ9ĤğƻŉûR͚G�*9̢ƔƷʋ7�,/2

:͏ɨĤğʧ9˩�IğɌϲĤɌƑĹË9ëʋ65�͏ɨɖ9˩��ƶͅ3�N

4̄�LO,�D,�̗ό̔I̗̮δό̔9ɜΐ4Ǜûƻ:�ĕÏ3ƆÏKM

Ō��ÒĜR͚G�ʔƏË9éŤ7�,/2̄ǈ'Nƶͅ��N4̄�LO,� 
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ˍ 4ˉ� ˙Źʘƿ̅7��N̗ό̸̔ɜΐƖɗƣ9ŉþ 
 
 
4-1� :&G7 
 
̗̮δû̔9 resistance indexϥRIϦ4˙Źʘƻ̗ʙ9͔ȁI¡ƫ͖Ã49ε
Å70�2:�Ͱĝ�͡:�N��ȅ7ŋ�9ĿĢ�6#O2�N�1-9���
ȃ�̗̮δό̔9 FVOR4˙Źʘƻ̗ʙ9εÅ70�2:�2011ƒ9 Jeong
L�10�9ĿĢ%�6��ƦL7KO;�FVOR:èȗ9˙Źʘƻ̗ʙƿ̅3
:�ÎƏ©KMº�%2�,4���%�%�ƦL:�˙Źʘƻ̗ʙ9ʘȗI

̗ȼ̒49εÅ70�2ȱ…R÷�2�L(�*9Ǆ̃7:�Ȋ9ɸ�ŋ��

D,�BatemanL�11�: 2004ƒ7ę¿ʙ9ɺ�ŕśKM̗̮δό̔9 FVOR
��ȉ%2�,4ĿĢ%2�N���̦9Ϣ̸Ķƿ̅7��N FVOR9ŉþ7
0�2:K�Q�/2�6��*!3�țʰ˃3:�˙Źʘƿ̅4Ϣ̸Ķƿ̅

7��N̗ƱʈûǆR͵Ϗɗpy�ɖ7KMæȣ%�4�7̗ό̔I̗̮δό

̔9 FVOR�!OL9ʘǆ359K�7ŉþ%�D,�*O�̗ςŨ459K
�7εÅ'N�Rȱ…'N� 
 
 
4-2� űͨ4ȃɖ 
 
4-2-1� űͨ 
� űͨ:�ÿɟΚŌŠʘκ͵Ϗɗg�j�3 2015ƒ 10ȕϱ2016ƒ 6ȕ9δ7
̗̠9͵ϏɗȱȧR̹/,Ϣ̸ĶD,:˙ŹʘRȖ'Nƿ̅ 34Á3�/,�̗
û̔ʂ˅�ƺƻ̗ςŨ�Țȗ̗�Ü�βŃƻ̗ʙ�K>ƵʗƿRȖ'NÁRλ

Ŋ%,�ʐƻ� 20Á�œƻ� 14Á3�ƒϣ: 24ϱ84Ƀϥ58.2�15.4ɃϦ3
�/,�ʗƿÁ 34ÁRϢ̸Ķ9E��N HT̂ϥ15ÁϦ�˙Źʘ9E��N
DM̂ϥ10ÁϦ�K>Ϣ̸Ķ4˙Źʘ9�ȃ��N HT-DM̂ϥ9ÁϦ7æ�
,� 
� ÎƏűɼϥNϦ̂4%2�Ϣ̸Ķ�˙Źʘ�̗ʗƿ�Ƶʗƿ65̗̠7ƤϐR
��Nʗƿ�6��Ǭ˓˚ʆ¼ɲΙΩϥeGFRϦ�ɀƏϥ
60mL/min/1.73m2Ϧ
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3�M��0̜΢͵Ϗɗȱȧ3̗̠7ʔƏǏ͆R͚G6�/,ÎƏ~��mU

T 39ÁHȱ…7÷�,�ʐƻ� 20Á�œƻ� 19Á3�ƒϣ: 20Ƀϱ47Ƀϥ26.6
�7.3ɃϦ3�/,�6��țʰ˃:�ÿɟΚŌŠʘκ̣�̢Ɣʰ˃ŰȧŘħ³
9ǒ͚RƮ,��3�̽ȱ̅Üħ�LǿȒ7KN͝Ȋ4ǒͣRƮ2ťȄ%,� 
 
4-2-2� u�epy�ɖ7KN̜΢Ōû̔��Ōό̔�Ɔĕ9̗ûό̔�K>̗
̮δûό̔9͏ɨϥĴ 4-1Ϧ 
� GEʷ́ LOGIQ E9͵Ϗɗ̾̀4 C1-6Ǫ͍ŝϥGE Healthcare, Milwaukee, 
WI, USAϦRʋ�2�°̡¹9̽ȱ̅7ű%2˥̜Ňʟ7Ya�ȱȧR̹/,�
B��pɖ\Vp�9u�epy�ɖ7KM�̜΢Ōû̔��Ōό̔�K>Ɔ
ĕ9̗ûό̔9̸ɜΐƖɗƣR�D,�[��py�ɖ\Vp�u�epy�

ɖ3Ɔĕ9̗̮δûό̔9̸ɜΐƖɗƣR͑έ%,�û̔3:ɝĤɌ¹9ƽȿ

G�3�ό̔3:ɝĤɌ¹4ɝğɌ¹9ƽȿG�3�*O+O̸ɜΐƖɗƣR

͑έ%,�̜΢Ōû̔��Ōό̔�Ɔĕ9̗ûό̔70�2:�B��pÔ9
̸˔ͳ̹7Ľ1�py�Ûų͋9͋Ɩ̀ɀR̹/,�Ɔĕ̮δûό̔70�2

:�[��py�ɖ3Ǯå#ON̸ɜȃĜ7�v��R3�N-��̥#)N

K�7͏ɨ%�͋Ɩ̀ɀ:̹Q6�/,�12��û̸̔ɜ70�2:�*O+O
9Đ˻ȗȔϢ̸ɜΐƖϥPSV�cm/sϦ4ǠƠȚȗ̸ɜΐƖϥEDV�cm/sϦR͏
ɨ%�resistance indexϥRIϦR�ƛ7KM˓å%,� 

RI = (PSV � EDV) / PSV 
� ό̸̔ɜ70�2:�*O+O9ȔŌɜΐϥVMAX�cm/sϦ4ȔŵɜΐϥVMIN�

cm/sϦR͏ɨ%�flow velocity oscillation rateϥFVORϦR�ƛ7KM˓å%�
*9ğɌϲĤɌƑĹËR¯�9ȱ…7ʋ�,� 

FVOR = (VMAX � VMIN) / VMAX 

� ȱȧƢȆ9̸ɤ^�Tkr�Ë�L�eGFRR�ƛ7KM˓å%,� 
eGFR = 194 × [̸ɤ^�Tkr� (mg/dL)1.094] × [ƒϣ(Ƀ)-0.287] 

× [0.739 œƻ9ŀę] 
 

4-2-3� ˩͏ 
� 'A29˩͏͌ȣR�ȹɫʟ6˩͏iwoWXTϥSPSS version 23 for 
Windows, SPSS, Chicago, IL, USAϦRʋ�2̹/,�ΒˬΩ70�2:Ü2Ƒ
ĹË�SDR̼͑%,�Ę̂δ9ɊͿ7�,/2:�æǻæȣ7KMȖǄ9̂δ
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Ĵ 4-1� u�epy�ɖ7KN̜΢Ōû̔��Ōό̔�Ɔĕ9̗ûό̔�K>
̗̮δûό̔9͏ɨ 
̜΢Ōû̔ϥaϦ�ĕ̗û̔ϥbϦ�ĕ̗̮δû̔ϥcϦ��Ōό̔ϥdϦ�ĕ̗ό
̔ϥeϦ�K>ĕ̗̮δό̔ϥfϦ9̸ɜΐƖɗƣRʵ'� 
PSV=Đ˻ȗȔϢ̸ɜΐƖ; EDV=ǠƠȚȗ̸ɜΐƖ; VMAX=ȔŌɜΐ; VMIN=
Ȕŵɜΐ 

ba c

d e f

EDV

PSV

EDV

PSV

EDV

PSV

VMIN
VMAX

VMIN

VMAX

VMIN
VMAX

ƈ�Rȱ…%,9.�*O��O;�É�9̂δƈ9ȖɺRŋΧæȣϥTukey / 
Games-HowellϦ7KMȱŤ%,�'A29͌ȣ7��2�ĈμʄϥPϦ5Ϥș
ɩRȖǄ4éŤ%,� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4-3� ˦ν 
 
4-3-1� űͨ9̢Ɣʟ̍Ȑϥ̼ 4-1Ϧ 
� űͨ9̢Ɣʟ̍ȐR�N̂�HT̂�DM̂�K> HT-DM̂7Q�2�̼
4-17ʵ%,�ƒϣ4¼ȫǣǽ:�N̂7Ɋ%�HT�DM�K> HT-DM9 3
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̂3ȖǄ7Ō3�/,��ʗƿ 3̂δ7:ȖǄƈ:͚G6�/,�Đ˻ȗ̸Ķ
:�N̂4 DM̂KM HT̂3�D, N̂KM HT-DM̂3ȖǄ7Ϣ�/,�
ǠƠȗ̸Ķ4̔Ķ7:�4̂δ7ȖǄƈR͚G6�/,�̸ ɤ^�Tkr�Ë:�

N̂KMHT̂3ȖǄ7Ϣ��eGFR:N̂KMʗƿ 3̂3ȖǄ7º�/,��
�̅4Hʗƿ 3̂δ7:ȖǄƈR͚G6�/,�6��×ˏƖ¯�9̗ςŨ
ϥeGFR<45mL/min/1.73m2ϦRġ%,Á:�HT̂9 2Áϥ13ϤϦ�DM̂9 1
Áϥ10ϤϦ�K> HT-DM̂9 2Áϥ22ϤϦ3�/,� 
 
4-3-2� ̗û̔˛9 RI4̗ό̔˛9 FVOR9̂δɊͿϥ̼ 4-2Ϧ 
� ̗û̔˛9 RI4̗ό̔˛9 FVOR9̂δɊͿ9˦νR̼ 4-27ʵ%,�̜
΢Ōû̔4Ɔĕ9̗û̔9 RI7: 4̂δ7ȖǄƈR͚G6�/,�ĕ̗̮δû
̔9 RI:�HT�DM�K> HT-DM9 3̂3 N̂KMȖǄ7Ϣ�/,�ϥϒ
7�P=0.038�P=0.016�P=0.014Ϧ�ʗƿ 3̂δ7:ȖǄƈR͚G6�/,�Ɔ
̗̮δû̔9 RI :�DM�K> HT-DM9 2̂3 N̂KMȖǄ7Ϣ�/,�
ϥϒ7�P<0.001�P=0.003Ϧ��̂δ7ȖǄƈ:͚G6�/,� 
�Ōό̔9 FVOR:�DM̂4 HT-DM̂3 N̂KMȖǄ7º�/,ϥ4H7
P<0.001Ϧ�ĕ̗ό̔9 FVOR:�DM̂4 HT-DM̂3 N̂KMȖǄ7º�
ϥϒ7�P<0.001�P=0.005Ϧ�HT̂KMHȖǄ7º�/,ϥϒ7�P<0.001�
P=0.002Ϧ�ĕ̗̮δό̔9 FVOR:�DM̂4 HT-DM̂3 N̂KMȖǄ7
º�ϥ4H7 P<0.001Ϧ�D,�DM̂3 HT̂KMȖǄ7º�/,ϥP=0.006Ϧ�
Ɔ̗ό̔4Ɔ̗̮δό̔9 FVORH�DM̂4 HT-DM̂3 N̂4 HT̂KM
º�ÒĜ�ELO,�ϥANOVA:ϒ7�P=0.023�P=0.030Ϧ�Éê9̂δȖ
Ǆƈ:͚G6�/,� 
 
4-3-3� ̗û̔˛9 RI4̗ό̔˛9 FVOR4̗ȼ̒49εÅϥ̼ 4-3Ϧ 
Ɔĕ9̗û̔˛9 RI4̗ό̔˛9 FVOR4 eGFR49εÅR�̼ 4-37ʵ
%,� 
Ü 73Á7��2�̜ ΢Ōû̔4Ɔĕ9̗û̔: eGFR49δ7Ɵ�ͩʧεR
ϥϒ7�r=�0.28�P=0.015�r=�0.37�P=0.001�r=�0.23�P=0.048Ϧ�D,�
Ɔĕ9̗̮δû̔9 RI: eGFR4ɊͿʟơ�ͩʧεRʵ%,ϥϒ7�r=�0.41�
P<0.001�r=�0.51�P<0.001Ϧ��Ōό̔4ĕ̗̮δό̔9 FVOR: eGFR4
ȖǄ9Ɵ�ɀʧεRʵ%,ϥϒ7�r=0.39�P=0.001�r=0.33� P=0.004Ϧ�%
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�%�Ɔĕ9̗ό̔4Ɔ̗̮δό̔9 FVOR:�eGFR4ȖǄ9ʧεRʵ#6
�/,� 
ʗƿ 34Á3Ěȷ9ȱ…R̹�4�̜΢Ōû̔�Ɔĕ9̗û̔4Ɔ̮δû̔9

RI:�eGFR4ȖǄ9ͩʧεRʵ%,ϥϒ7�r=�0.36�P=0.038�r=�0.56�
P=0.001�r=�0.46�P=0.006�r=�0.36�P=0.038Ϧ��ȃ��Ōό̔�Ɔĕ9̗
ό̔4̮δό̔9 FVOR: eGFR4ȖǄ9ʧεRʵ#6�/,�D,�×ˏƖ
¯�9̗ςŨ��/, 5Á46�/, 29Á9δ7:�ĕ̗̮δό̔9 FVOR
ϥ0.42�0.08 vs 0.45�0.10Ϧ7H�Ɔ̗̮δό̔9*Oϥ0.42�0.09 vs 0.46
�0.11Ϧ7HȖǄƈR͚G6�/,� 
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̼ 4-3. ̗û̔˛9 RI4̗ό̔˛9 FVOR9 eGFR49εÅ 
 ÜÁϥn=73Ϧ ʗƿ̂ϥn=34Ϧ 

R P-value r P-value 
RI  
̜΢Ōû̔ �0.28 0.015 �0.36 0.038 
ĕ̗û̔ �0.37 0.001 �0.56 0.001 
Ɔ̗û̔ �0.23 0.048 �0.46 0.006 
ĕ̗̮δû̔ �0.41 <0.001 �0.21 0.235 
Ɔ̗̮δû̔ �0.51 <0.001 �0.36 0.038 

FVOR  
�Ōό̔ 0.39 0.001 0.04 0.821 
ĕ̗ό̔ 0.19 0.102 �0.12 0.500 
Ɔ̗ό̔ 0.02 0.846 �0.26 0.139 
ĕ̗̮δό̔ 0.33 0.004 �0.01 0.948 
Ɔ̗̮δό̔ 0.10 0.382 �0.05 0.796 

RI=resistance index; FVOR=flow velocity oscillation rate 
 
 
4-4� ̄ŭ 
 
4-4-1� țʰ˃9˦ν9D4G4*9Ǆ̃ 
� țʰ˃7��2�̗ û̔˛9 RI:Ü¼7 eGFR4ͩ9ʧεRʵ'ÒĜR͚G
,��̗ό̔˛9 FVOR4 eGFR49δ7:�Ť9εÅ�ELO6�/,�̗
û̔˛9 RI:̗ςŨ9ˀƖRďȌ'N��̗ό̔˛9 FVOR:̗ȼ̒49ε
Å:̲�4̄�LO,�D,�̗ό̔˛9 FVOR:�˙Źʘ9�N DM̂4
HT-DM̂3º�%2�,�țʰ˃9űͨ3:�Ȋʬ6̗ςŨR¿ʝ%2�,Á
:Ŷ6�/,93�FVOR9º�:˙Źʘƻ̗ʙ9Ǐ͆4��KM�˙Źʘ*
9H97KN̗Ʊʈ9ŉþRďȌ'NH93:6��4̄�LO,� 
 
4-4-2� ̗̮δό̸̔ɜΐƖɗƣ4˙Źʘ49εÅ 
� JeongL�10�:�̗̮δό̔9 FVOR�˙Źʘƻ̗ʙ3ÎƏ©KMº�%
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2�,4ĿĢ%2�M�δͱ9˵˭þ7KNťͱ9a�y�VT�e9º��

*9Ċı3:6��4Ǭŭ%2�N�ƦL:�D,�Ȉȗ̗ʙ4ϙƻ̗ʙȗ3

FVOR9ȖǄƈ:6�/,93�FVOR9º�:Ȉȗ9˙Źʘƻ̗ʙ9Ǐ͆3
�N4̄ŭ%2�N�%�%�ƦL:�7ƒ¯�9˙ŹʘɄ�̶ʞŹ�K>˙Ź
ʘƻˮ̟ʙ3Ť̃%,˙Źʘƻ̗ʙƿ̅4ÎƏűɼ4RɊͿ%,-�3�̗ʙ

96�˙Źʘƿ̅49ɊͿ:̹/2�6��ǋ�9ȱ…3:�̗û̔˛9 RI�
eGFR7®̼#ON̗ςŨ9ˀƖ4ūǫ7εÅ%,97ű%�̮δό̔R:&
G4'N̗ό̔˛9 FVOR:̗ςŨ49εÅ�̲�/,�ϢƖ9̗ςŨ�6�
˙Źʘƿ̅7̗ťͱ9a�y�VT�eRº�#)NB59̗ťͱ9˵˭þ�

�N!4:̄�7���13��ǋ�9ȱ…˦νR͹D�N4�̗ ̮δό̔9 FVOR
º�:�˙Źʘƻ̗ʙ4��KM�˙Źʘ*9H97KN̗9ʘǆʉʇŠʟŉ

þ4εΒ%2�N93:6��4̄�LO,�˙Źʘƿ̅3:�*9ʝʙȈȗ

�L�˚ʆ¼9΃Ûˡû̔�΃åˡû̔7Ɋ%ơ�ǠƠ%�*9˦ν�˚ʆ¼

ΙóɲΙ�Ɲ�ʹ!#ON!4�K�ʭLO2�N�14��țʰ˃9˦ν�L:�
˙Źʘƿ̅7��N̗ό̔˛9 FVORº�9ȼƕRȊʳ7'N!4:3�6�
/,���͑9K�6˙Źʘƿ̅Ü̦7ßΏ'N̗Ʊʈ9ŉþ��*9ȼƕ7

ε�'N93:6��4ǬŤ#O,� 
 
4-4-3� ̗̮δû̸̔ɜΐƖɗƣ4˙Źʘ49εÅ 
� ̗̮δû̔9 RI4˙Źʘƻ̗ʙ9͔ȁI¡ƫ͖Ã49εÅ70�2:�ȅ7
ŋ�9ĿĢ�6#O2�N�1-9��Ȉȗ̗ʙ7Ɋ%�ϙƻ̗ʙȗ3 RI:�ȉ%�
RI9Ë: eGFR4:ͩʧεRʵ'4'NH9�ŋ��!9ɸ70�2:�țʰ
˃9˦ν:�ƭθ9ĿĢ7Ϛ¸%2�,�̗ςŨ9Δ̹44H7̗û̔˛9 RI
�ņŌ'Nȼƕ4%2�̗ʙ7¶�ˡû̔ʲþ9Δ̹�ȔHơ�ε�'N4̄

�LO2�N�15-17��*9�ȃ3�1ĺ˙Źʘƿ̅9̗̮δû̔9 RI7:�
˚ʆ¼ΙóɲΙÁ4*O�6�/,Á49δ7ȖǄƈR͚G6�/,4ĿĢ#

O2�N�4,5��țʰ˃9˦ν�L�̗ό̔˛9 FVOR9ȃ��̗û̔˛9 RI
KMH�˙Źʘ7¶�̗Ʊʈûǆ9ŉþRKMΫǹ7ďȌ'N93:6��4

̄�LO,� 
 
4-4-4� țʰ˃9ιʒ 
� țʰ˃9ιʒ4%2�̱ �7�4̂7æô%,ρ9Ę̂9ʙÁǽ�Ŷ6�,G



 �50� 

7��NA�ƈʔRȱå3�6�ˍ 2ˁ9Ι͜�ɰS3�NĔ̒ƻ��N!4
�Ǥ LON�Á�;�țʰ˃7��2�Ɔ̗ό̔4Ɔ̗̮δό̔9 FVOR7
:�ANOVA3: 4̂δ7ȖǄƈR͚G,7HεQL(�Éê9ȖǄƈRȱå
3�6�/,!47�!9ιʒ�ε�%,Ĕ̒ƻ��N�ˍ¢7�ŢÜ7ɀƏ

6Ϣϣ̅RυGN!4�ψ%�/,,G7�ÎƏ̂4ʗƿ̂49δ7ƒϣƈ�

ʉ&,�*9˦ν�țʰ˃9ÎƏ̂4ʗƿ̂49δ7ELO,ƈ7:ƒϣ9Ƥ

ϐ�ε�%,Ĕ̒ƻ��N�ˍ�7�˙Źʘƿ̅7��N̗ό̔˛9 FVORº
�9ȼƕRȊʳ7'N!4�3�6�/,!4H�țʰ˃9ιʒ9=403�

N4̄�N� 
 
 
4-5� ŵǡ 
� ̗û̔˛9 RI:�eGFR4ͩʧεRʵ%�̗ςŨ9ˀƖRďȌ'N4̄�L
O,��ȃ�̗ό̔˛9 FVOR:�̗ςŨ9ˀƖ7εQL(�˙Źʘƿ̅3�
ƪ7º�%2�M�˙Źʘ7¶�̗Ʊʈûǆ9ŉþRďȌ'NĔ̒ƻ�̄�L

O,�țʰ˃9˦ν:�ªƫ�˙Źʘ�̗̠4̗Ʊʈ7�KC'ƤϐR͌Ȋ'

N,G7ƥˈ0�Ȃ%�ʘǆʉʇŠʟʭ͆RǯÂ'NH94̄�N� 
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ˍ 5ˉ� ̗û̸̔ɜ4̸Ķ�̗ό̸̔ɜΐƖɗƣ7ĎC'Ƥϐ 
 
 
5-1� :&G7 
 
� ̗̮δû̔I̗ĀĻû̔9 resistance indexϥRIϦ�Ϣ̸Ķƿ̅3ņŌ%�!
O�̗¡ƫ͖ÃIƵ̸˔V{�o9¡ɨ7Ȗʋ3�/,4'NĿĢ:ŋ�

�1-6��̗û̔˛9 RI:�û̔ʲþ7KN̠ĭςŨ9ǣȹ3�Nϖû̔9à×
̟͂ę¼ĉIƆŦƵːΧΩÅǽ��N�:ʦǫ̗ςŨ9ˀƖRďȌ'NŹT�

x��/^�Tkr�Ɋ4ʧε%�1-4��{�e�V�3 RI��Ť9Ë¯�ϥ0.72
ϱ0.8Ϧ�/,Á9̗¡ƫ:*O¯�9Á7Ɋ%�ȖǄ7�̧3�/,4ĿĢ#
O2�N�5,6���ȃ�̗̮δό̔9 flow velocity oscillation rateϥFVORϦ
4Ϣ̸Ķ49εÅ70�2:�ŕřϢ̸Ķʙ̗ʙ3ɀƏŕřKM�ȉ%2�,

4'N BatemanL�7�9ĿĢ65�ʊʽϔĻ9"�Ŷǽ9ʰ˃�8,9�%�6
�� 
� ̗̮δό̔9 FVOR��Ϣ̸Ķƿ̅7��2�̗û̔˛9 RII̸ĶË4�
�6NεÅRȖ'N�70�2:�!OD3ȱ…#O2�6��!OL9εÅ

RʭN!4:�Ϣ̸Ķƿ̅9̗ƱʈûǆRȊL�7%�Ϣ̸Ķ4εÅ�ɢ�̗

ʲþʙ9ȼƕR̄�N��3Ǆ̃�Ō��4̄�N�*!3�țʰ˃3:�Ϣ

̸Ķƿ̅9̗όƱʈûǆR͵Ϗɗpy�ɖ7KMæȣ%�̗û̔˛4ό̔˛δ

9ʧ£εÅ�K>*9̸Ķ49εÅR�Ϣ̸Ķ4%;%;ę¿'N˙Źʘ9Ƥ

ϐRĞG2ȱ…'N� 
 
 
5-2� űͨ4ȃɖ 
 
5-2-1� űͨ 
� űͨ:�ÿɟΚŌŠʘκ͵Ϗɗg�j�3 2015ƒ 10ȕϱ2016ƒ 6ȕ9δ7
̗̠9͵ϏɗȱȧR̹/,Ϣ̸ĶD,:˙ŹʘRȖ'Nƿ̅ 34Á3�/,�̗
û̔ʂ˅�ƺƻ̗ςŨ�Țȗ̗�Ü�βŃƻ̗ʙ�K>Ƶʗƿ��NÁRλŊ

%,�ʐƻ� 20Á�œƻ� 14Á3�ƒϣ: 24ϱ84Ƀϥ58.2�15.4ɃϦ3�
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/,�ƿ̅ 34ÁRϢ̸Ķ9E��N HT̂ϥ15ÁϦ�˙Źʘ9E��N DM̂
ϥ10ÁϦ�K>Ϣ̸Ķ4˙Źʘ9�ȃ��N HT-DM̂ϥ9ÁϦ7æ�,� 
� țʰ˃:�ÿɟΚŌŠʘκ̣�̢Ɣʰ˃ŰȧŘħ³9ǒ͚RƮ,��3�̽

ȱ̅Üħ�LǿȒ7KN͝Ȋ4ǒͣRƮ2ťȄ%,� 
 
5-2-2� u�epy�ɖ7KN̜΢Ōû̔��Ōό̔�Ɔĕ9̗ûό̔�K>̗
̮δûό̔9͏ɨ 
� GEʷ́ LOGIQ E9͵Ϗɗ̾̀4 C1-6Ǫ͍ŝϥGE Healthcare, Milwaukee, 
WI, USAϦRʋ�2�°̡¹9̽ȱ̅7ű%2˥̜Ňʟ7Ya�ȱȧR̹/,�
B��pɖ\Vp�9u�epy�ɖ7KM�̜΢Ōû̔��Ōό̔�K>Ɔ
ĕ9̗ûό̔9̸ɜΐƖɗƣR�D,�[��py�ɖ\Vp�u�epy�

ɖ3Ɔĕ9̗̮δûό̔9̸ɜΐƖɗƣR͑έ%,�û̔3:ɝĤɌ¹9ƽȿ

G�3�ό̔3:ɝĤɌ¹4ɝğɌ¹9ƽȿG�3�*O+O̸ɜΐƖɗƣR

͑έ%,�̜΢Ōû̔��Ōό̔�Ɔĕ9̗ûό̔70�2:�B��pÔ9
̸˔ͳ̹7Ľ1�py�Ûų͋9͋Ɩ̀ɀR̹/,�Ɔĕ̮δûό̔70�2

:�[��py�ɖ3Ǯå#ON̸ɜȃĜ7�v��R3�N-��̥#)N

K�7͏ɨ%�͋Ɩ̀ɀ:̹Q6�/,�10��û̸̔ɜ70�2:�*O+O
9Đ˻ȗȔϢ̸ɜΐƖϥPSV�cm/sϦ4ǠƠȚȗ̸ɜΐƖϥEDV�cm/sϦR͏
ɨ%�resistance indexϥRIϦR�ƛ7KM˓å%,� 

RI = (PSV � EDV) / PSV 
� ό̸̔ɜ70�2:�*O+O9ȔŌɜΐϥVMAX�cm/sϦ4ȔŵɜΐϥVMIN�

cm/sϦR͏ɨ%�flow velocity oscillation rateϥFVORϦR�ƛ7KM˓å%�
*9ğɌϲĤɌƑĹËR¯�9ȱ…7ʋ�,� 

FVOR = (VMAX � VMIN) / VMAX 
 

5-2-3� ˩͏ 
� 'A29˩͏͌ȣR�ȹɫʟ6˩͏iwoWXTϥSPSS version 23 for 
Windows, SPSS, Chicago, IL, USAϦRʋ�2̹/,�2ŉǽδ9εÅ9͖Ã7
�ȾʧεİƎæȣRʋ�,�ĈμʄϥPϦ5ϤșɩRȖǄ4éŤ%,� 
 
 
5-3� ˦ν 
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Ĵ 5-1. HT̂7��Nό̔δ9 FVOR9εÅ 
ĕ̗ό̔4ĕ̗̮δό̔ϥaϦ�Ɔ̗ό̔4Ɔ̗̮δό̔ϥbϦ��Ōό̔4ĕ
̗̮δό ϥ̔cϦ�K>�Ōό̔4Ɔ̗̮δό ϥ̔dϦ9 FVOR9εÅRʵ'� 
RI=resistance index; FVOR=flow velocity oscillation rate 
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n = 15
r = 0.614
P = 0.015

n = 15
r = −0.168
P = 0.548

n = 15
r = 0.651
P = 0.009

n = 15
r = 0.304
P = 0.271

5-3-1� ό̔δ9 FVOR9εÅϥ̼ 5-1�Ĵ 5-1Ϧ 
űͨƿ̅ 34Á7��2�ĕ̗̮δό̔9 FVOR4Ɔ̗̮δό̔9 FVOR4
9δ7:�̧Ŕ6ɀʧεR͚G,ϥr=0.81�P<0.001Ϧ�ĕ̗̮δό̔9 FVOR
:�ĕ̗ό̔9 FVOR4ȖǄ7ɀʧε%,�ϥr=0.68�P<0.001Ϧ��Ōό̔9
FVOR4:ȖǄ9ʧεRʵ#6�/,ϥr=0.22�P=0.212Ϧ�Ɔ̗̮δό̔9
FVOR:�Ɔ̗ό̔9 FVOR4ȖǄ7ɀʧε%ϥr=0.58�P<0.001Ϧ��Ōό̔
9 FVOR4:*OKMƟ�ɀʧεRʵ%,ϥr=0.44�P=0.009Ϧ� 
� HT̂ 15Á7��2�ĕ̗̮δό̔9 FVOR4Ɔ̗̮δό̔9 FVOR4:
̧Ŕ7ɀʧε%,ϥr=0.77�P=0.001Ϧ�ĕ̗̮δό̔9 FVOR:�ĕ̗ό̔9
FVOR4ȖǄ7ɀʧε%,�ϥr=0.65�P=0.009Ϧ��Ōό̔9 FVOR4:ȖǄ
9ʧεRʵ#6�/,ϥr=�0.17�P=0.548Ϧ�Ěȷ7�Ɔ̗̮δό̔9 FVOR
:�Ɔ̗ό̔9 FVOR4ȖǄ9ɀʧεRʵ%,�ϥr=0.61�P=0.015Ϧ��Ōό
̔9 FVOR4:ȖǄ9ʧεRʵ#6�/,ϥr=0.30�P=0.271Ϧ� 
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5-3-2� ̗ό̔˛9 FVOR4̗û̔˛9 RI49εÅϥ̼ 5-2�Ĵ 5-2Ϧ 
� ƿ̅ 34Á7��2�ĕ̗̮δό̔9 FVOR4ĚÏ9̗̮δû̔9 RI4:Ȗ
Ǆ9ɀʧεRʵ%,ϥr=0.58�P<0.001Ϧ�Ěȷ7�Ɔ̗̮δό̔9 FVOR4Ě
Ï9̗̮δû̔9 RI4:ȖǄ7ɀʧε%,ϥr=0.54� P<0.001Ϧ�ĕ̗ό̔9
FVOR4ĚÏ9̗̮δû̔9 RI49δ7:ȖǄ9ʧεR͚G6�/,�
ϥr=0.33�P=0.061Ϧ�Ɔ̗ό̔9 FVOR4ĚÏ9̗̮δû̔9 RI4:ȖǄ7
ɀʧε%,ϥr=0.45�P=0.007Ϧ� 
� HT̂ 15Á7��2�ĕ̗̮δό̔9 FVOR4ĚÏ9̗̮δû̔9 RI49
δ7:�̧Ŕ6ɀʧεR͚G,ϥr=0.75�P=0.001Ϧ�Ěȷ7�Ɔ̗̮δό̔9
FVOR4ĚÏ9̗̮δû̔9 RIHơ�ɀʧεRʵ%,ϥr=0.79� P<0.001Ϧ�
ĕ̗ό̔9 FVOR:ĚÏ9̗̮δû̔9 RI4ȖǄ7ɀʧε%ϥr=0.59�
P=0.022Ϧ�Ɔ̗ό̔9 FVOR4ĚÏ9̗̮δû̔9 RI49δ7HȖǄ9ɀʧ
ε�ELO,ϥr=0.52�P=0.047Ϧ� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ĵ 5-2. HT̂7��N̗ό̔˛9 FVOR4̗û̔˛9 RI49εÅ 
ĕ̗̮δό̔4ĕ̗̮δû̔ϥaϦ�Ɔ̗̮δό̔4Ɔ̗̮δû̔ϥbϦ�ĕ̗
ό̔4ĕ̗̮δû̔ϥcϦ�K>Ɔ̗ό̔4Ɔ̗̮δû̔ϥdϦ9 FVOR 4
RI49εÅRʵ'� 
RI=resistance index; FVOR=flow velocity oscillation rate  
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Ĵ 5-3. HT̂7��NĘ΢¹9 FVOR4̸Ķ9εÅ 
ĕ̗̮δό̔ϥaϦ�Ɔ̗̮δό̔ϥbϦ�ĕ̗ό̔ϥcϦ�K>Ɔ̗ό̔ϥdϦ
9 FVOR4̔Ķ9εÅRʵ'� 
RI=resistance index; FVOR=flow velocity oscillation rate  
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5-3-3� Ę΢¹9 FVOR4̸Ķ9εÅϥ̼ 5-3�Ĵ 5-3Ϧ 
� ƿ̅ 34Á7��2�Ɔĕ9̗̮δό̔4̗ό̔9 FVOR:�Đ˻ȗ̸Ķ4
ȖǄ9ɀʧεRϥϒ7�r=0.63�P<0.001�r=0.60�P<0.001�r=0.55� P=0.001�
r=0.47�P=0.005�Ϧ�D,�̔ Ķ4:#L7ơ�ɀʧεRʵ%,ϥϒ7�r=0.81�
P<0.001�r=0.82�P<0.001�r=0.56�P=0.001�r=0.58� P<0.001Ϧ� 
� HT̂ 15Á7��2�Ɔĕ9̗̮δû̔4ĕ̗ό̔9 FVOR:�Đ˻ȗ̸Ķ
4ȖǄ9ɀʧεRʵ%,ϥϒ7�r=0.64� P=0.010�r=0.65�P=0.009�r=0.58�
P=0.023Ϧ�Ɔĕ9̗̮δό̔9 FVOR4̔Ķ49δ7:�ȴG2ơ�ɀʧεR
͚G,ϥr=0.80�P<0.001�r=0.87�P<0.001Ϧ�Ɔĕ9̗ό̔9 FVORH�̔
Ķ49δ7ɊͿʟơ�ɀʧεRʵ%,ϥϒ7�r=0.61�P=0.017�r=0.56� 
P=0.031Ϧ� 
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5-4� ̄ŭ 
 
5-4-1� țʰ˃9˦ν9D4G4Ǆ̃ 
țʰ˃7KM�Ϣ̸ĶI˙ŹʘRȖ'Nűͨƿ̅7��2�Ɔĕ9̗̮δό

̔9 FVOR:�*O+OĚÏ9̗̮δû̔9 RI4ơ�ʧε'N!4�Q�/
,�!9K�6ĚÏ̗̮δûό̔δ9Ǜûƻ9ʧε:HT̂34�7ơ�/,�
#L7�űͨƿ̅Ü¼4 HT̂7��2�̗̮δό̔ FVOR4̔Ķ49δ7:
r=0.8R͵�Nϟ�B5ơ�ʧεR͚G,�!9K�6�̗̮δό̔9 FVOR
4û̔˛9̸ɜIĶ9Ǜûƻ49δ9ūǫ6εÅ:�!OD3�çĿĢ#O2

�6��țʰ˃9˦ν:�̗Ʊʈ9ʘǆʉʇ7Ȃ,6ʭ͆R÷�N44H7�

͵Ϗɗu�epy�ɖ7KN̗ό̔˛9̸ɜ͖Ã9̢ƔƷʋ7��NʓǄɸR

ǯÂ'NH94̄�LO,� 
 

5-4-2� ̗ûό̔δ9ǛûƻΒε9ȼƕ 
� ̗̮δû̔9ɜΐ9Ǜûƻ9Ō�#R̼' RI��Ϣ̸Ķƿ̅3ņŌ%2�N
!4Rʵ%,ĿĢ:ŋǽ�M�*9ȼƕ4%2�àĶ�ȉ7KNû̔a�y�

VT�e9º�I̔ĶņŌ7KNǛûņŌ65̸ĶẸ̈¼9ʦǫʟ6ε�7÷

��̸̗˔9û̔ʲþIϢ̸Ķƻ̗ʙ7KN̗ťͱςŨ657Ľ1�̗Ʊʈ˛

9a�y�VT�eº�I̸̗˔Ǚǖ9ņŌ65źǏʟ6ͅı9Ƥϐ�̄�L

O2�N�1-6��țʰ˃3:�Ϣ̸ĶI˙Źʘ9ƿ̅�4�7˙Źʘ96�Ϣ
̸Ķƿ̅�L6N HT̂3�̗̮δû̔9 RI4̗̮δό̔9 FVOR�ơ�ɀ
ʧε%2�,��͑9ΏM�̗ ̮δûό̔δ9Ǜûƻ9εΒRǣǳ%,9:ǋ�

�èG23�N��©¼9̠͢ĭR͆ɧ%2H�ɋˡ˔3ο2LO,ûό̔δ

9ĶI̸ɜ9´Ǵ70�29ĿĢ:ŮŶ3�N� 
ƱʈĭϔĻ3:�̌û̔9Ķɗƣ7ƆǎĐ˻7KNνƻɗ�͑έ#ON65�

̌ɋˡ˔R«%,΍̹ƻ9Ķ´Ǵ�Şķ'N!4�͕Ȋ#O2�N�11��%�
%�¢Χ9ɋˡ̸˔ˮRH0̗̠3�!9K�6ûό̔δ9ʦǫʟ6Ķ9´Ǵ

I̸ɜŉû9´Λ���N4:̄�7���12�� 
�ȃ�ʩʽϔĻ3:�19�˜�LƵģȗ7Ě͠%,ˮ̟ό̔9Ǜû�͊ŭ#
O2�M�ϕ̱àĶ��ȉ'N4*O�º�'N!4H 20�˜èϕ�LʭLO
2�,�K�I�ȔΈ76/2�û̔Ǜû7ʹı'NʩàĶI̖̕ϡɡĶ9ģ
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ȗʟŉû��ˮ̟ό̔Rģȗʟ7ĶΊ'N!47KM*9ǛûRH,L'!4�

D,�ʩĶI̖Ķ65ό̔ģĳ9Ķ��ȉ'N4*9ŉû�ɦŶ'N!4�Q

�/2�,�13,14��ƭ/2�țʰ˃3̗̮δûό̔δ7��N̸ɜǛûƻ9
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