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PERSPECTIVE

Intracranial and extracranial CO2 
vasomotor reactivity: assessment, 
approaches and clinical applications

 
&HUHEUDO�EORRG�ÀRZ��&%)��GHVFULEHV�WKH�YROXPH�RI�EORRG�ÀRZ-
LQJ�WKURXJK�WKH�EORRG�YHVVHOV�WKDW�VXSSO\�WKH�EUDLQ��7KH�DELOLW\�WR�
UHJXODWH�&%)�FDQ�KDYH�SURIRXQG�HIIHFWV�RQ�LPSRUWDQW�FRJQLWLYH�
processes and loss of such regulation can lead to serious conse-
TXHQFHV� WR� EUDLQ� KRPHRVWDVLV� GXH� WR� VXVFHSWLELOLW\� WR� KDUPIXO�
V\VWHPLF�EORRG�SUHVVXUH�FKDQJHV��3DUWLDO�SUHVVXUH�RI�FDUERQ�GLR[-
LGH��3D&22��LV�D�NH\�PHGLDWRU�RI�&%)��FDXVLQJ�GHFUHDVHG�&%)�LQ�
ORZ�3D&22�DQG�LQFUHDVHG�&%)�LQ�KLJK�3D&22, facilitated through 
FKDQJHV�LQ�WKH�YDVFXODWXUH�NQRZQ�DV�FHUHEURYDVFXODU�UHDFWLYLW\�
�&95���&95� LV�DEOH� WR� UHJXODWH�&%)�E\�GLODWLQJ�RU�FRQVWULFW-
LQJ�EORRG�YHVVHOV�LQ�UHVSRQVH�WR�3D&22��([WHQVLYH�UHVHDUFK�KDV�
EHHQ�SXEOLVKHG�LQYHVWLJDWLQJ�&95��LGHQWLI\LQJ�WKDW�ORZHU�&95��
LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�PRUWDOLW\�DQG�UHÀHFWV�DQ�
LPSDLUHG�YDVFXODU�V\VWHP�1
3RVLWURQ� HPLVVLRQ� WRPRJUDSK\�KDV� EHHQ� WHUPHG� D� UHIHUHQFH�

VWDQGDUG�RI�PHDVXULQJ�&95�2 Single photon emission computed 
tomography and functional magnetic resonance imaging have 
been used, but limitations such as unavailability and high costs 
PDNH�LW�GLI¿FXOW�WR�EH�XVHG�DV�D�PHWKRG��7UDQVFUDQLDO�'RSSOHU�XO-
WUDVRXQG��7&'��LV�ZHOO�HVWDEOLVKHG�DV�D�WHFKQLTXH��XVLQJ�YHORFLW\�
PHDVXUHPHQW��&%Y��IURP�WKH�PLGGOH�FHUHEUDO�DUWHU\��0&$��DV�DQ�
HVWLPDWH�RI�FKDQJHV�LQ�&%)��IROORZLQJ�D�YDVRGLODWRU\�VWLPXOXV��
$FHWD]RODPLGH� LQIXVLRQV� KDYH� EHHQ� XVHG�� WKRXJK� WKLV�PD\�

induce hyperventilation which opposes its desired vasodilatory 
HIIHFW��&%Y�VHQVLWLYLW\�WR�HQG�WLGDO�FDUERQ�GLR[LGH�FKDQJH�LV�ZHOO�
GRFXPHQWHG�2�+HQFH�UHFHQWO\��VWXGLHV�RQ�&95�PDLQO\�XVH�HQG�
tidal carbon dioxide change either through administered inhaled 
&22 or through breathing manoeuvres to create hyper- and hypo-
FDSQLF�VWDWHV�WKURXJK�ZKLFK�EORRG�ÀRZ�FKDQJHV�FDQ�EH�REVHUYHG�3
2YHUDOO��UHVHDUFK�ORRNLQJ�DW�&95�LV�KHWHURJHQRXV�GXH�WR�WKH�XVH�

of different vasoactive stimuli, measured parameters, processing 
PHWKRGV�DQG�SRSXODWLRQV�VWXGLHG��7KHUHIRUH��WKH�GLYHUVLW\�RI�SUR-
WRFROV�PDNHV�LW�GLI¿FXOW�WR�GUDZ�FRQFOXVLRQV�DQG�KDYH�FRPSDUDEOH�
UHVXOWV��7KLV�SHUVSHFWLYH�ZLOO�IRFXV�RQ�LGHQWLI\LQJ�JDSV�LQ�UHVHDUFK�
RQ�&95��GLIIHUHQW�DSSURDFKHV�DQG�WKHLU�FOLQLFDO�DSSOLFDWLRQV�

Classic approaches to MCA assessment of CVR: 3D&22 chal-
lenge is found to be the most appropriate stimulus3 and as such 
XWLOLVLQJ�3D&22 change as a vasodilatory stimulus in measuring 
&95�KDV�PDQ\�IHDWXUHV��VXFK�DV�QRQ�LQYDVLYHQHVV��HDV\�WHUPLQD-
WLRQ��SUDFWLFDOLW\��DQG�DELOLW\�WR�VWDQGDUGLVH��+\SHUFDSQLD�FDQ�EH�
DFKLHYHG�E\�WKH�EUHDWK�KROGLQJ�WHVW��DGPLQLVWHULQJ�LQKDOHG�&22 
�ZLWK�PHGLFDO�DLU��DQG�UH�EUHDWKLQJ��+\SHUYHQWLODWLRQ��XVHG�IRU�
K\SRFDSQLF�UHVSRQVHV��FDXVHV�YDVRFRQVWULFWLRQ�
$�JUHDW�SURSRUWLRQ�RI�VWXGLHV�XWLOLVH�7&'�DV�DQ�HI¿FLHQW��QRQ�

LQYDVLYH��SRUWDEOH�DQG�UHDO�WLPH�PHDVXUH�RI�&%Y��&KDQJHV�LQ�0&$�
YHORFLW\��0&$Y��DV�D�UHÀHFWLRQ�RI�&95�PXVW�EH�FRQWLQXRXVO\�
UHFRUGHG�VLPXOWDQHRXVO\�ZLWK�DUWHULDO�EORRG�SUHVVXUH��$%3��DQG�
end-tidal carbon dioxide, as baseline measurements, and during 
PDQLSXODWLRQ�RI�3D&22�IRU�DW�OHDVW�¿YH�PLQXWHV��&95�FDQ�WKHQ�
be expressed as many different parameters ranging from absolute 
velocity change, percentage change from baseline per unit of 
3D&22�FRQFHQWUDWLRQ��WR�D�GHULYHG�EUHDWK�KROG�LQGH[�

The development of improved functional magnetic resonance 

imaging, with higher spatial and temporal resolution has more 
recently led to increasing evidence of intracranial and extracranial 
DUWHU\�GLODWLRQ�LQ�UHVSRQVH�WR�YDVRGLODWRU\�VWLPXOXV��,Q�SDUWLFXODU��
WKH�REVHUYDWLRQ�RI�GLDPHWHU�FKDQJHV�LQ�WKH�0&$�LV�LPSRUWDQW��
since failing to account for diameter changes can result in an un-
GHUHVWLPDWLRQ�RI�0&$Y�FKDQJHV�GXULQJ�YDVRGLODWLRQ��$O�.KD]UDML�
HW�DO���GHPRQVWUDWHG�WKDW�K\SRFDSQLD�0&$Y�&95�ZDV�����ORZHU�
ZKHQ�FDOFXODWHG�IURP�ÀRZ�UDWKHU�WKDQ�YHORFLW\�
$�JHQHUDO�FRQVHQVXV�H[LVWV�WKDW�0&$Y�GHFUHDVHV�ZLWK�DJH��7KH�

&95�LV�FRQWUDGLFWRU\�LQ�UHODWLRQ�WR�DJLQJ��LQ�D�UHFHQW�V\VWHPDWLF�
review,5 11 studies demonstrated that age was associated with 
UHGXFHG�&95��ZKLOH� WKUHH�VWXGLHV�GLG�QRW�¿QG�DQ\�FRUUHODWLRQ�
EHWZHHQ�DJH�DQG�&95��

Classic approaches to internal carotid artery (ICA) assessment 
of CVR:�5HDFWLYLW\�RI� WKH�,&$�LV�DOVR�HYLGHQW� LQ�K\SHUFDSQLD�
DQG� W\SLFDOO\�PHDVXUHG�XVLQJ�GXSOH[�XOWUDVRXQG�6 In this way, 
alterations in both diameter and velocity can be observed, al-
ORZLQJ�FDOFXODWLRQ�RI�FKDQJHV�LQ�ÀRZ��VKHDU�VWUHVV��D�WDQJHQWLDO�
IRUFH�RQ�WKH�HQGRWKHOLXP��DQG�UHVLVWDQFH�SDUDPHWHUV�� Inherent 
GLI¿FXOWLHV�H[LVW�LQ�PHDVXULQJ�YHORFLW\�DQG�GLDPHWHU�VLPXOWDQH-
ously, notwithstanding recording concurrent intracranial assess-
PHQWV�ZKLOH�PDQLSXODWLQJ� D� YDVRDFWLYH� VWLPXOXV�6� ,QDGHTXDWH�
,&$�XOWUDVRXQG�LPDJHV�KDYH�OHG�WR�XS�WR�����RI�SDWLHQWV�EHLQJ�
H[FOXGHG�IURP�VWXGLHV����
$OPRVW� DOO� VWXGLHV� REVHUYH� LQFUHDVHV� LQ� ,&$�YHORFLW\�� VKHDU�

VWUHVV�DQG�GLDPHWHU�LQ�UHVSRQVH�WR�&22�EUHDWKLQJ�SDUDGLJPV�
��� 

2YHU�UHODWLYHO\�ORQJ�����PLQXWHV��DFTXLVLWLRQ�WLPHV��DQG�D�EURDG�
UDQJH����–���PP+J��RI�3D&22��:LOOLH�HW�DO���IRXQG�WKH�,&$�WR�
GLODWH�XS�WR������VPDOOHU�FKDQJHV�ZHUH�VHHQ�ZLWK�K\SRFDSQLD�
([WUDFUDQLDO�K\SHUFDSQLF�GLODWLRQ�WKURXJK�WKH�ÀRZ�PHGLDWHG�

mechanism of shear stress appears evident, as in the peripheral 
DUWHULHV���$OWKRXJK�VKHDU�VWUHVV�GLG�QRW�DOZD\V�FRUUHODWH�ZLWK�,&$�
GLDPHWHU�FKDQJHV�RU�$%3���&DUWHU�HW�DO�� saw strong association 
EHWZHHQ�VKHDU�VWUHVV�DQG�GLDPHWHU�LQ�WKH�,&$��EXW�QRW�LQ�WKH�LS-
VLODWHUDO�FRPPRQ�FDURWLG�DUWHU\��.RHS�HW�DO�� conjectured that in 
older age, there may be a greater reliance on increasing perfusion 
SUHVVXUH�WR�SURGXFH�&%)�LQFUHDVHV�LQ�UHVSRQVH�WR�K\SHUFDSQLD��DV�
DFFRXQWLQJ�IRU�$%3�H[SODLQHG�VRPH�RI�WKH�DJH�GLIIHUHQFHV�VHHQ�
LQ�WKH�0&$Y�GXULQJ�K\SHUFDSQLD��7KHUH�LV�DOVR�VRPH�HYLGHQFH�
to suggest the speed of response as opposed to amplitude may 
VHSDUDWH�GLIIHUHQW�JURXSV����
6LPLODU�WR�0&$�UHDFWLYLW\��WKHUH�DUH�VRPH�GLVSDULWLHV�LQ�VWXGLHV�

examining whether reactivity of the extracranial arteries dete-
ULRUDWH�ZLWK�DJHLQJ��0LOOHU� HW� DO��� only observed deterioration 
ZLWK�DJH�LQ�PDOHV�DQG�.RHS�HW�DO�� although saw no discernible 
GLIIHUHQFHV�ZLWK�DJH��VDZ�D�EOXQWHG�,&$�VKHDU�VWUHVV�UHVSRQVH�LQ�
IHPDOHV�

Combined MCA and ICA studies and challenges:�)HZ�VWXGLHV�
have monitored both intracranial and extracranial parameters, and 
HYHQ�IHZHU�KDYH�FRPSDUHG�WKHLU�UHODWLYH�UHVSRQVHV�����$O�.KD]UDML�
HW� DO�� using magnetic resonance imaging to observe diameter 
changes found intracranial arteries exhibited greater reactivity 
LQ�FURVV�VHFWLRQDO�DUHD�WKDQ�H[WUDFUDQLDO�DUWHULHV��$OWKRXJK�ÀRZ�
FKDQJHV�PD\�EH�EURDGO\�VLPLODU��DV�&DUWHU�HW�DO�� found, maximal 
LQFUHDVHV�RFFXUUHG�DW�GLIIHUHQW�WLPH�SRLQWV��,QGHHG��&DUWHU�HW�DO�� 
provided evidence that hypercapnic responses in velocity and 
VKHDU�UDWH�RFFXUUHG�¿UVWO\�LQ�WKH�0&$��IROORZHG�E\�WKH�,&$�WKHQ�
FRPPRQ�FDURWLG�DUWHU\�
&RPSDULQJ�LQWUDFUDQLDO�YHORFLWLHV�ZLWK�H[WUDFUDQLDO�ÀRZ��:LO-

OLH�HW�DO�� observed smaller responses in the intra compared with 

D
ow

nloaded from
 http://journals.lw

w
.com

/m
gar by BhD

M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C

X1AW
nYQ

p/IlQ
rH

D
3i3D

0O
dR

yi7TvSFl4C
f3VC

4/O
AVpD

D
a8KKG

KV0Ym
y+78= on 08/26/2024



Sensier et al. / Med Gas Res

Medical Gas Research ¦  December  ¦ Volume 14 ¦ Issue 4170

www.medgasres.com

H[WUDFUDQLDO�YHVVHOV��7KLV�ZDV�VWDWLVWLFDOO\�GLIIHUHQW�LQ�ERWK�WKH�
0&$�DQG�SRVWHULRU�FHUHEUDO�DUWHU\�ZKHQ�FRPSDUHG�ZLWK�WKH�,&$�
RU�YHUWHEUDO�DUWHU\��+RZHYHU��0&$�RU�SRVWHULRU�FHUHEUDO�DUWHU\�
GLDPHWHU�FKDQJHV�ZHUH�QRW�DFFRXQWHG�IRU�

Using high resolution magnetic resonance imaging and different 
EUHDWKLQJ�FRQGLWLRQV��$O�.KD]UDML�HW�DO�� observed cross-sectional 
DUHD� UHDFWLYLW\� DFURVV� QLQH� LQWUD� DQG� H[WUDFUDQLDO� DUWHULHV�� WKH�
basilar and anterior cerebral arteries eliciting the most response, 
WKH�ULJKW�,&$�GHPRQVWUDWLQJ�WKH�OHDVW��+\SRFDSQLF�HIIHFWV�ZHUH�
PRVW�PDUNHG� LQ� WKH�SRVWHULRU�FHUHEUDO�DUWHU\��&KDQJHV� LQ�$%3�
FRUUHODWHG�ZLWK�,&$�FURVV�VHFWLRQDO�DUHD��EXW�QRW�JHQHUDOO\�ZLWK�
WKH�LQWUDFUDQLDO�YDVFXODWXUH��,QWHUHVWLQJO\��:LOOLH�HW�DO�� observed 
D�PDUNHG�����LQFUHDVH�LQ�YHUWHEUDO�DUWHU\�ÀRZ�XQGHU�K\SR[LD��
7ZR�IDFWRUV�DUH�EURDGO\�DJUHHG�XSRQ��&95�LV�QRW�VROHO\�PRGX-

ODWHG�E\�DUWHULROH�SLDO�YHVVHOV�DQG�LV�KHWHURJHQHRXV�DFURVV�K\SHU�
DQG�K\SRFDSQLD�VWDWHV����

Cerebrovascular disease state studies and assessments (small 
vessel disease (SVD), carotid stenosis, ischemic stroke): &95�
KDV�EHHQ�VWXGLHG�LQ�PXOWLSOH�GLVHDVH�SRSXODWLRQV��KRZHYHU�YDULHG�
PHWKRGV�DQG�DVVHVVPHQWV�PHDQ�LW�LV�GLI¿FXOW�WR�FRQFOXGH�DQ\�SRV-
VLEOH�DVVRFLDWLRQV��,Q�SDWLHQWV�ZLWK�FHUHEURYDVFXODU�GLVHDVH��&95�
has been adopted as a measure of haemodynamic reserve which 
FDQ�EH�XVHG�WR�LQGLFDWH�D�SDWLHQW¶V�ULVN�RI�IXUWKHU�FRPSOLFDWLRQV�11

1XPHURXV�VWXGLHV�KDYH�LQYHVWLJDWHG�&95�LQ�SDWLHQWV�ZLWK�YDU\LQJ�
SDWWHUQV�RI�FDURWLG�DUWHU\�GLVHDVH��2QH�VWXG\�SHUIRUPHG�D�UHYLHZ�
RI�&95�PHDVXUHPHQWV� LQ� VWURNH� ULVN�SDWLHQWV�ZLWK�KLJK�JUDGH�
VWHQRVLV��!������RU�RFFOXVLRQ�LQ�WKH�,&$�RU�0&$��7KH�VWXGLHV�
LQFOXGHG�XVHG�HLWKHU�$FHWD]RODPLGH�RU�LQVSLUHG�&22 to produce 
a vasodilatory response and then used either positron emission 
WRPRJUDSK\��7&'�RU�VLQJOH�SKRWRQ�HPLVVLRQ�FRPSXWHG�WRPRJUD-
SK\�WR�PHDVXUH�&95��7KH\�IRXQG�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�
UHGXFHG�&95�DQG� IXWXUH� LVFKHPLF� HYHQWV�� VXJJHVWLQJ�SDWLHQWV�
ZLWK�LPSDLUHG�&95�ZHUH�IRXU�WLPHV�PRUH�OLNHO\�WR�KDYH�D�VWURNH�
RU� WUDQVLHQW� LVFKHPLF� DWWDFN�11�)RU�SDWLHQWV�ZLWK� DV\PSWRPDWLF�
���–�����FDURWLG�VWHQRVLV��LPSDLUHG�&95��GHULYHG�IURP�EUHDWK�
hold index is one of several clinical and imaging features used to 
LQGLFDWH�LQFUHDVHG�VWURNH�ULVN�DQG�DV�VXFK��IRUP�SDUW�RI�D�GHFLVLRQ�
WRRO�UHFRPPHQGHG�E\�(XURSHDQ�*XLGHOLQHV�LQ�LGHQWLI\LQJ�SDWLHQWV�
IRU�ZKRP�UHYDVFXODULVDWLRQ�VKRXOG�EH�FRQVLGHUHG�12

&95�KDV�DOVR�EHHQ�ORRNHG�DW�LQ�SDWLHQWV�ZLWK�69'��2QH�VWXG\�
FDUULHG�RXW�D�EUHDWK�KROG�WHVW�ZLWK�7&'�LQ�69'�SDWLHQWV�DQG�IRXQG�
D�UHGXFWLRQ�LQ�&95�FRPSDUHG�WR�PDWFKHG�FRQWUROV��,W�KDV�EHHQ�
VXJJHVWHG�WKDW�WKH�EUHDWK�KROG�WHVW�LV�D�JRRG�LQGLFDWRU�RI�&95�LQ�
such patients and may even be able to predict cognitive impair-
PHQW�ZLWKLQ�WKLV�FOLQLFDO�VXEJURXS�11

$�UHFHQW�VWXG\�XVHG�LQVSLUHG�&22 and magnetic resonance imag-
LQJ�WR�PHDVXUH�&95�LQ�PLOG�VWURNH�SDWLHQWV��7KH\�ZHUH�IROORZHG�
up 1 year after their initial event and found that patients with lower 
&95�H[SHULHQFHG�PRUH�ODFXQDH��PLFUREOHHGV�DQG�ZKLWH�PDWWHU�
K\SHULQWHQVLWLHV��7KHUHIRUH�� VXJJHVWLQJ�&95� WR� EH� D� SRWHQWLDO�
ELRPDUNHU�RI�69'�LQ�PLOG�VWURNH�SDWLHQWV�13

Overall, these studies suggest a prognostic application of 
&95�ZKHUHE\�LW�DFWV�DV�DQ�LQGLFDWRU�IRU�IXUWKHU�FRPSOLFDWLRQV��
SDUWLFXODUO\�LQ�WKRVH�ZKR�KDYH�VXIIHUHG�D�VWURNH�RU�WKRVH�VKRZLQJ�
FKDUDFWHUL]DWLRQV�RI�69'��7KH\�DOVR�VXJJHVW�D�SURJQRVWLF�DSSOL-
FDWLRQ��ZLWK�UHGXFHG�&95�JHQHUDOO\�OHDGLQJ�WR�D�SRRU�SURJQRVLV�
DQG�WKHUHIRUH�LGHQWLI\LQJ�WKRVH�RI�WKH�KLJKHVW�ULVN��DQG�WKRVH�ZKR�
PD\�EHQH¿W�IURP�PRUH�ULJRURXV�WUHDWPHQW�
+RZHYHU��WKH�DSSOLFDWLRQ�RI�&95�FOLQLFDOO\�LV�KLQGHUHG�E\�WKH�

KHWHURJHQHRXV�WHFKQLTXHV��PDNLQJ�LW�GLI¿FXOW�WR�FRPSDUH�UHVXOWV�
EHWZHHQ�VWXGLHV�DQG�UHDFK�VHFXUH�FRQFOXVLRQV��7KHUHIRUH��LGHQWLI\-
LQJ�RSWLPDO�DQG�DFFHVVLEOH�WHFKQLTXHV�LV�LPSRUWDQW�WR�KHOS�UHGXFH�
GLVSDULWLHV�EHWZHHQ�UHVXOWV�

,GHQWL¿HG�JDSV� LQ� WKH� OLWHUDWXUH�DQG� IXWXUH�UHVHDUFK�GLUHF-
tions: $LGHG� E\� WHFKQRORJLFDO� LPSURYHPHQWV� DQG� DGYDQFLQJ�
PHWKRGV��RXU�XQGHUVWDQGLQJ�RI�&%)�DQG�LWV�VHQVLWLYLWLHV�WR�WKH�
ORFDO�HQYLURQPHQW�FRQWLQXRXVO\�HYROYH��6WDQGDUG�SURFHGXUH�VHW-
tings to observe physiological responses exist6��VLPLODU�VWDQGDUGV�
IRU�YDVRDFWLYH�VWLPXODWLRQ��KRZ�ZH�PHDVXUH�DQG�MXGJH�&95�KDYH�
\HW�WR�EH�GHWDLOHG�
6LJQL¿FDQW�YDVRGLODWLRQ�RI�WKH�0&$�PHDQV�UHDFWLYLW\�PD\�EH�

VWURQJHU�WKDQ�¿UVW�WKRXJKW�DQG�DQ�DELOLW\�WR�DFFRXQW�IRU�WKLV�PD\�
DLG�GLIIHUHQWLDWLRQ�DPRQJVW�ERWK�KHDOWK\�DQG�SDWLHQW�JURXSV���0&$�
ÀRZ�DSSHDUV�D�SURPLVLQJ�SDUDPHWHU��WKURXJK�LPSURYHG�IXQFWLRQDO�
PDJQHWLF� UHVRQDQFH� LPDJLQJ� WHFKQLTXHV�� IXWXUH� SURMHFWV� KDYH�
to overcome the obstacles involved in measuring diameter and 
YHORFLW\�FRQFXUUHQWO\��7KH�UHODWLYH�HDVH�RI�PHDVXULQJ�H[WUDFUDQLDO�
ÀRZ�FRXOG�LQYLWH�SRWHQWLDO��+RZHYHU��LW�LV�XQFOHDU�WR�ZKDW�GHJUHH�
H[WUDFUDQLDO� DUWHULHV� UHDFW� WR� D� YDVRGLODWRU\� VWLPXOXV��3RVVLEO\�
OHVV�DPSOLWXGH�WKDQ�0&$�DQG�SRVVLEO\�PRUH�LQÀXHQFHG�E\�EORRG�
SUHVVXUH�FKDQJHV�� DV� VHHQ�E\� LWV�JUHDWHU� FRUUHODWLRQ� WR�$%3� LQ�
comparison to intracranial arteries,� underpinning the importance 
RI�FRQWLQXRXV�$%3�GXULQJ�K\SHUFDSQLF�REVHUYDWLRQV�

Numerous protocols exist around vasoactive stimuli, from 
D� WLPH�GHSHQGHQW�&22� VWHS�ZLVH� DSSURDFK� VWDELOLVLQJ�0&$�
diameter changes, to breathing paradigms and the less practical 
DFKLHYHPHQW�RI�VWHDG\�VWDWH��3URWRFROV�IRU�K\SRFDSQLF�VWDWHV�DUH�
HYHQ�OHVV�FRQVLVWHQW��(YLGHQFH�VWHHUV�WRZDUGV�VHSDUDWLQJ�K\SHU�
DQG�K\SRFDSQLD�DQDO\VLV�DQG��WKRXJK�FRQÀLFWLQJ�DW�WLPHV��VXJ-
gests there are regional differences between posterior and anterior 
FLUFXODWLRQ�UHDFWLYLW\�� Beyond developing standardised vasoactive 
stimuli to ease comparison, to produce robust data, optimisation 
DOVR�UHTXLUHV�FRQVLGHUDWLRQ�RI�WROHUDQFH�LQ�SDWLHQWV��SDUWLFXODUO\�
those with cerebrovascular disease, as results among this group 
UHPDLQ�XQGHU�LQYHVWLJDWHG�
7LPH� IUDPH� LV� LQH[WULFDEO\� OLQNHG� WR� VWLPXOXV� SDUDGLJPV��

Recent data suggest the rate of response rather than amplitude 
differences may provide greater detectable variations between 
JURXSV��LQ�SDUWLFXODU��ZLWK�UHVSHFW�WR�DJLQJ�� Several studies focus 
RQ�DJHLQJ��\HW�WKHLU�FRKRUWV�ZHUH�RI�DERYH�DYHUDJH�¿WQHVV�� Em-
phasis could shift alternatively towards condition, for example, 
LQYHVWLJDWLQJ�DVVRFLDWLRQV�RI�&95�WR�EORRG�SUHVVXUH�YDULDELOLW\��
69'�RU�K\SHUWHQVLRQ��

Whilst the evidence is demonstrated through a variety of 
PHDVXUHV��PDQ\� VWXGLHV� LQGLFDWH� GLIIHUHQFHV� EHWZHHQ� VH[HV���� 
This is worthy of further investigation and future analysis should 
WKHUHIRUH�VHSDUDWH�JURXSV��9HU\�IHZ�VWXGLHV�KDYH�DGGUHVVHG�LQWUD�
LQGLYLGXDO�GLIIHUHQFHV�LQ�&95�3 warranting further investigation 
RI�UHSURGXFLELOLW\��Table 1 provides a summary of these future 
FRQVLGHUDWLRQV��

Table 1:  Identified gaps and future recommendations of 
cerebrovascular reactivity

,GHQWL¿HG�JDSV
Hypocapnic effects 
$FXWH�DQG�FKURQLF�FHUHEURYDVFXODU�GLVHDVH�
Intra-subject reproducibility 
Regional cerebral differences, including possible greater anterior 
as opposed to posterior circulatory sensitivity to hypocapnic and 
hypoxic effects 
Future recommendations
6HSDUDWH�PDOHV�IHPDOHV�
Observation of response rate 
([WUDFUDQLDO�SDUDPHWHUV�UHDFWLYLW\�
Standardisation of protocol, expression of cerebrovascular reactivity 
and nomenclature 
&RQWURO�IRU�DUWHULDO�EORRG�SUHVVXUH�DQG�RWKHU�FR�YDULDWHV�
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Conclusion: Overall, heterogenous methods between studies 
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FKDOOHQJLQJ��6WDQGDUGLVDWLRQ�RI�VXFK�PHWKRGV�DQG�KRZ�ZH�H[-
SUHVV�&95�ZLOO�KHOS�UHGXFH�GLVSDULWLHV��(QVXULQJ�WKHVH�PHWKRGV�
are tolerable across all participant populations will allow more 
PHDQLQJIXO�FRPSDULVRQV�DQG�WUDQVODWLRQ�WR�FOLQLFDO�SRSXODWLRQV��
Encouraging data is emerging on the potential prognostic ability 
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