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# < 4 & : The pressure-flow relationship during diastolic phase
1s mainly mediated by tissue micro-environment and
metabolic demand (metabolic control). Analysis of the
pressure-flow relationship in different stages of a
cardiac cycle may help to evaluate the mechanism(s)
and magnitude of cerebrovascular regulation. In this
study, each cardiac cycle was divided into 3 phases:
the early systolic phase, the late systolic phase and
diastolic phase. CrCP and related parameters of each
phase were calculated by linear regression method.
The changes of CrCP and related parameters of each
phase in response to Valsalva maneuver, T%C02
breathing, hyperventilation were evaluated. Totally,
15 patients with significant carotid arterial
stenosis and 40 healthy controls were recruited into
this study. In healthy controls, all the 3 tests
produced significant changes of cerebral flow
velocities (CBFV). The CrCP of early systolic phase
significantly changed only during the phase II and
phase IV of the valsalva maneuver, whereas CrCP of
late systolic and diastolic phases changed
significantly during all 3 tests. The 3 tests
produced no significant changes of CBFV in patients
with carotid stenosis. The late-systolic CrCP
increased during the early phase II and phase IV of
the valsalva maneuver. The diastolic CrCP increased
during the last phase II of the valsalva maneuver. In
conclusion, our refined method of CrCP analysis 1is
able to demonstrate the cerebral autoregulatory
processes 1n responses to hypocapnia, hypercapnia and
valsalva maneuver. The early-systolic CrCP could be
an indicator for myogenic control in response to
rapid blood pressure changes. The late-systolic and
diastolic CrCP is sensitive to various stimuli and
possibly an indicator for metabolic control. Patients
with carotid stenosis had marked impairment of these
autoregulatory processes. Our refined method for CrCP
analysis could provide more information and enhance
the understanding of cerebral autoregulation.

# < M4 ¢ cerebrovascular regulation, critical closing



pressure, transcranial Doppler
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Abstract: Recent advance in ultrasound technologies (transcranial Doppler) has
allowed unprecedented opportunities to study human cerebral hemodynamicsin
health and disease and to understand the human cerebrovascular regulation. The
concept of cerebral critical closing pressure (CrCP) can provide valuable information
about the pathophysiologic changes of cerebral circulation and enhance understanding
of the mechanisms of cerebrovascular regulation. Our preliminary findings showed
that the relationship between CrCP and traditional Doppler ultrasound indicesin
response to physiological challenges (such as hypocapnia, hypercapnia, straining and
orthostasis) was different between patients with and without carotid arterial stenosis.
The changes of pressure waveform could ater the results of CrCP analysis when a
linear regression model is applied for CrCP analysis. Disturbance of cerebrovascular
regulation, which is mediated by myogenic, neurogenic, and metabolic controls, may
also contribute to these differences. The effect of muscle contraction within arteries
(myogenic control) may influence the BP-cerebral flow relationship during early
systolic phase, whereas the effect of pressure wave reflection (neurogenic control of
vasomotor tone) would be presented during late systolic phase. The pressure-flow
relationship during diastolic phase is mainly mediated by tissue micro-environment
and metabolic demand (metabolic control). Analysis of the pressure-flow relationship
in different stages of a cardiac cycle may help to evaluate the mechanism(s) and
magnitude of cerebrovascular regulation. In this study, each cardiac cycle was divided
into 3 phases:. the early systolic phase, the late systolic phase and diastolic phase.
CrCP and related parameters of each phase were calculated by linear regression
method. The changes of CrCP and related parameters of each phase in response to
Valsavamaneuver, 7%CO2 breathing, hyperventilation were evaluated. Totally, 15
patients with significant carotid arterial stenosis and 40 healthy controls were
recruited into this study. In healthy controls, all the 3 tests produced significant
changes of cerebral flow velocities (CBFV). The CrCP of early systolic phase
significantly changed only during the phase Il and phase IV of the valsalva maneuver,
whereas CrCP of |ate systolic and diastolic phases changed significantly during al 3
tests. The 3 tests produced no significant changes of CBFV in patients with carotid
stenosis. The late-systolic CrCP increased during the early phase |1 and phase IV of
the valsalva maneuver. The diastolic CrCP increased during the last phase 11 of the
valsalva maneuver. In conclusion, our refined method of CrCP analysisis able to
demonstrate the cerebral autoregulatory processes in responses to hypocapnia,
hypercapnia and valsalva maneuver. The early-systolic CrCP could be an indicator for
myogenic control in response to rapid blood pressure changes. The late-systolic and
diastolic CrCP is sensitive to various stimuli and possibly an indicator for metabolic



control. Patients with carotid stenosis had marked impairment of these autoregulatory
processes. Our refined method for CrCP analysis could provide more information and
enhance the understanding of cerebral autoregulation.

Keywords : cerebrovascular regulation, critical closing pressure, transcranial Doppler
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Table 1. Summary of study variables at baseline and during different physiological challenges.

Baseline 7% CO2 breathing |hyperventilation [VM-phasella VM-phasellb |VM-phased
Systolic BP (mmHg) 108.1+13.2 109.1+16.1 103.3£17.28 98.4119.1* 102.4+19.18 109.3+21.8
Diastolic BP (mmHg) 74.6£10.7 75.6£12.6 70.3+12.6% 74.8t13.1 80.3115.18 79.8114.38
Mean BP (mmHg) 87.7+11.6 89.0+14.1 82.7+14.4+ 82.5+15.38 89.2+16.3 92.8+17.28
ppBP 33.4+8.98 33.549.65 32.9t9.94 23.6+12.0% 22.012.7* 29.5+12.7x
Peak-systolic velocity (cm/sec) |89.2+25.3 97.6126.7* 72.7+21.8+ 77.9+24.2+ 84.9+25.58 95.6+30.2+
End-diastolic velocity (cm/sec) [41.8£13.0 49.6+15.4+ 27.1+7.99% 35.6+10.0% 44.5+14.18 47.3119.1%
Mean vel ocity (cm/sec) 60.1+16.9 69.2+19.6+ 41.2+11.6% 49.0t14.4+ 57.9£17.3 66.6122.6%
ppCBF 47.4+15.9 47.9t16.4 45.617.08 42.3118.4% 40.3116.2x 48.3t16.3
Pulsatility index 0.790.16 0.70%0.16% 1.11+0.29+ 0.8610.28 0.70£0.19+ 0.7610.20
CrCP-t 48.5+10.5 38.0£12.4% 53.8112.1* 56.7+16.7+* 63.6+18.2+ 53.1+22.3
CrCP-s1 46.7+14.1 44.5+16.58 49.4+11.7 52.6117.78 65.7+21.1* 65.9124.9+
CrCP-s2 47.2511.0 44.5+9.66+ 51.5+9.53+ 54.1+12.0% 56.6117.2+* 56.617.0%
CrCP-d 46.9+11.3 43.5+12 5+ 52.2+10.1* 56.212.4% 61.5£16.5+* 59.7+14.9%
RAP -t 0.85+0.40 0.9310.44+ 1.20+0.68+* 0.80+0.53 0.71+0.49 0.7910.46
RAP-sl 1.60+0.58 1.75+0.96 1.32+1.27 1.85+6.18 4.0815.46+ 2.88+8.55
RAP-s2 0.81+0.41 0.82+0.43 1.02+0.52+ 0.78+0.40 1.03+7.83 0.64+0.77
RAP-d 0.8240.35 0.80+0.30 1.02+0.49+* 0.78+0.47 0.68+0.378 0.72+0.378
Cardiac interval (msec) 0.8610.13 0.84+0.11 0.8010.13+* 0.7510.13* 0.7240.13+ 0.79+0.12+

* = p < 0.01 versus control, § = p< 0.05 versus control; VM = valsalva maneuver; CrCP = critical closing pressure; RAP = resistance-area product; -t, -sl, -s2, -d =

CrCP or RAP derived from signals of an entire cardiac cycle, early systolic phase, late systolic phase, and diastolic phase respectively.




Table 2. Summary of study variables at baseline and during different physiological challengesin patients with carotid stenosis

Baseline 7% CO2 breathing |hyperventilation [VM-phasella VM-phasellb |VM-phased
Systolic BP (mmHg) 109.2+11.1 110.2+14.9 102.7+15.7° 97.5+19.8 103.3+20.4 108.1+16.5
Diastolic BP (mmHg) 72.5t13.0 74.0+14.0 67.6+10.7° 70.6+13.1 75.0t14.3 73.8+13.1
Mean BP (mmHg) 87.4+11.8 88.3+13.4 81.0+11.5° 78.5116.8 86.2+16.9 89.2+13.4
ppBP 36.2+10.3 36.118.75 35.0+11.9 26.9+12.9° 28.2+12.5° 34.3+11.2
Peak-systolic velocity (cm/sec) |72.3t24.3 76.9124.6 66.8120.9 63.6121.9 71.0+27.4 79.1425.4
End-diastolic velocity (cm/sec) |33.4£17.1 35.8+16.3 26.3+10.5° 31.9+14.5 33.8+16.5 38.2+18.4°
Mean velocity (cm/sec) 48.4121.3 50.9+19.3 40.0+14.5° 41.4+17.0 44.9t21.0 53.4+23.0
ppCBF 38.5+10.7 41.0+14.0 40.4+13.8 31.6+17.1 37.1+15.7 40.9+16.1
Pulsatility index 4.25+12.8 0.87+0.29 1.05+0.30 0.82+0.43 0.92+0.39 0.82+0.38
CrCP-t 40.5t18.5 39.6+16.9 45.1+14.0 47.7426.1 45.9+24.4 46.3t25.4
CrCP-sl 44.1+29.4 49.1+22.0 51.5+19.4 56.1+37.5 62.2+34.2 58.7427.0
CrCP-s2 45.2+16.1 46.6116.0 47.1+12.4 56.8+24.4° 50.7426.2 55.8+18.7°
CrCP-d 43.9t17.6 45,5t16.0 47.5t12.6 51.3t21.2 57.3t22.9° 48.3t18.6
RAP -t 1.34+0.49 1.20t0.57 1.19+0.74 1.37+1.88 1.22+0.87 0.45+2.54
RAP-sl 0.70t1.51 1.00+1.98 -0.33t6.96 2.79+2.16° 2.83+2.58° 2.19+1.38°
RAP-s2 1.3610.80 0.92+2.14 1.4240.91 -0.29t4.45 2.1618.69 1.77+2.69
RAP-d 1.2610.43 1.1610.53 1.0810.51 -3.43+17.2 1.0610.61 1.13+0.92
Cardiac interval (msec) 0.94+0.13 0.92+0.13 0.93+0.14 0.89+0.14" 0.90t0.14 0.83+0.17*

* = p < 0.01 versus control, § = p< 0.05 versus control; abbreviations referred to Table 1
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