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showed that one hidden layer resulted in the same performance as tjd@] M. F. Kelly et al, “The application of neural networks to myoelectric
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do with the pylorus and the small intestine. It is, therefore, expected  sification of normal and abnormal electrogastrograms using multilayer
that the accuracy of the proposed method would not be very high. Par-  feedforward neural networksMed., Biol. Eng., Compytvol. 35, pp.
ticularly, the sensitivity is lower and the specificity is higher. This is ] jglg_\zlﬁlfisériign% E Barnard. “Backoropadation neural nets with one and
because norr_’nal gastr_lc myoelectrical activity (_:annot alwa)_/s guarar}té}—z wo hidden layers 1EEE Tréns. Ne‘zraﬁ’ l\?etwork/ol. 4, pp. 136-141,
normal gastric emptying and abnormal gastric myoelectrical activity Jan. 1992,
usually results in delayed gastric emptying. [18] J. M. Zuradalntroduction to Artificial Network Systems St. Paul, MN:

In summary, the proposed ANN method provides an alternative for ~ \yest, 1992.
the prediction of gastric emptying. In comparison with the conventional
scintigraphic method of gastric emptying, the proposed method is non-
invasive, well received among physicians and patients, and more cost
effective.
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channels and high-frequency bandwidth, and also maintain lo : :
acquisition duration. One example of high-frequency application Form Bridge-File | Is Video Frame

! Elements

frequency-domain muscle-fatigue analysis, for which a multichann Qorrect?

data acquisition system with a high raw-data signal frequen [

bandwidth of up to 3 kHz/channel is recommended [1]. A numb @Zﬁ%ﬂ?ﬁf@ ;
of schemes have been published to achieve video-synchroni Ty |
data acquisition [2]-[6]. Some of the schemes consist of simg —
event analyses stamped with video time codes [3], [6]. Some ott
sophisticated schemes have achieved multichannel data acquisit
Yen and Radwin utilized an audio-track digital recording method to
record up to 32 chanr_lels Qf 8-b_|t data onto video _tape audio tracks, ir?d 2. Block diagrams of the data acquisition system.
to record corresponding video images onto the video track of the same

tape [4]. This method naturally synchronizes the video frames with

the acquired data for extensive recording duration. But, because of f8gording duration. The video time-code frame-start bits were selected
frequency-bandwidth limit of the audio tracks (20 Hz-20 kHz), thgs the synchronization reference. With this reference, the synchroniza-
scanning frequency of the recorded data is limited to 60 Hz/channgh error can be theoretically controlled within one Society of Motion

Higher-scanning-rate multichannel data acquisition was realized pytyre & Television Engineers (SMPTE) time-code bit duration (0.417
using a high-speed video camera (1000 frames/s) which outputgng).

synchronization signal in each video frame to trigger a computer data
acquisition sequence [5]. The maximum scanning frequency of this
method may reach 1000 Hz/channel for 20 s of 1000 frames/s video
recording. To acquire high frequency multichannel data for longer As shown in Fig. 1, this computerized video-synchronized data ac-
duration, Gaskill [6] suggested a data acquisition system usinggaisition system consists of a video camera to output NTSC color video
digital audio tape recorder or a thermal chart recorder controlled bignals, a digital video tape recorder (VTR) with a SMPTE longitu-
video time codes or vertical-video-sync pulses output from the videlinal time code (LTC) output, a TV monitor, a multichannel biomed-
recording system. ical-signal-measuring instrument with parallel digital output, a signal-
This literature reports a new computerized data-acquisition systémerface board to condition the incoming and outgoing data and control
which extends Gaskill's suggestion by using a computer synchronizhe direction of data flow, a 266-MHz Pentium Il microprocessor-based
tion program to realize high-frequency long-duration video-synchrgystem computer with a 32-bit digital input—output (1/O) board, and an
nized biomedical-data acquisition. The system records the storagednalysis computer if the system needs to run the instrument’s own anal-
tensive video images onto a video tape, and simultaneously acquiyss software. LabVIEW graphical programming software (National
biomedical data and video time codes onto a computer hard diskI#struments, Austin, TX) was used to program the data acquisition,
time-code-bridge-file is created by the computer to synchronize tpeocessing, storage and replay, and VTR control.
acquired biomedical data on the hard drive with the recorded humarThe system block diagrams are shown in Fig. 2. During video-syn-
images on the video tape. Without manipulating video signals in tlebronized data acquisition [Fig. 2(a)], the VTR records NTSC human
system computer, this separated recording method boosts the dataaativity images and outputs a 1-bit LTC stream to the interface board.
quisition speed, enables the realtime data synchronization and Idrte LTC stream is bi-phase modulated by frame numbers and sync
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Fig. 3. SMPTE LTC decoding procedure.

words, as shown in Fig. 3(a) [7]. Simultaneously, the biomedical itke frame-start. With this time-code-bridge-file, the computer is able to
strument measures human biomedical signals, and outputs up to 31$é@rch for any data segment correspondent to a given video frame, or
of data/sync signals to the interface board. The interface board in tsemarch for any video frame correspondent to a given data segment.
buffers the total of 32-bit data/sync/LTC signals, and outputs them to

the 32-bit digital /0O board (National Instrument AT-DIO-32F). The in-

terface board also directs the 31-bit data/sync signals to the data anal- [ll. HARDWARE AND SOFTWARE IMPLEMENTATION

ysis computer for realtime data display. The digital I/O board sca[&s
the 32-bit signal stream at a scanning frequency of up to 72 kHz, con-
verts the stream into 32-bit integers, and writes the integers into theThe main task of the interface board is to control the data flow direc-
system computer buffer. Whenever the buffer is half full, the progration. The interface board has two flow-control modes: data-acquisition
retrieves all the integers from the buffer, and appends them to an amde and data-replay mode that are shown in Fig. 5(a) and (b), respec-
quired-data-file on the hard disk [see Fig. 4(a) for acquired-data-filiwely. The flow-control mode is selected by the program which outputs
structure)]. In the meantime, the program retrieves the LTC bit streantontrol bit from the digital I/O board to the interface board. The inter-
from the integers, and sends the LTC stream to the decoding subrface board buffers the incoming and outgoing data and converts the po-
tine for LTC decoding. During decoding, the program determines therity of the LTC stream from 10 V to 0-5 V. In data-acquisition mode,
index number of the acquired-data-file at each video frame-start, ahe 31-bit data/sync signals from the biomedical instrument, and the
translates each 80-bit LTC into a unique eight-digit frame number inerresponding 1-bit LTC stream from the VTR are input to the inter-
teger as shown in Fig. 3(b)—(d). After decoding, the program formsface board. The interface board directs the total 32-bit data/sync/LTC
time-code-bridge-file with a two-column array. As shown in Fig. 4(b)signals to the data acquisition board for data acquisition, and directs
the LTC column of the array contains the eight-digit frame-numbéie 31-bit data/sync signals to the data analysis computer for realtime
integers of all recorded video frames, and the data-file-index colurdisplay. In data-replay mode, the program outputs the desired 31-bit
contains the corresponding index numbers of the acquired-data-filedata/sync signal segment through the 1/0 board to the interface board.
frame-starts. In this way, each row of the array represents a unidlige interface board directs these 31-bit data only to the data analysis
video frame and its corresponding acquired-data-file index numbercamputer for further data analysis.

Interface Board
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Acquired-Data-File (Example)

Video Frame
Number

(hh:mm:ss:ff)

11:20:51:18

11:20:51:19

11:20:51:20

11:20:51:21

Interpolated-Time-Code-Bridge-File (Example)

Video Frame
Number

(hh:mm:ss:ff)
11:20:51:18

11:20:51:19
11:20:51:20

11:20:51:21

11:20:51:22

|
|
|

Data Index Number
Elements at each Frame-
(32 bit Start
Integer)
< n-2x(EPVF)
<« n~(EPVF)

Frame
(EPVF)

<
l Elements
f per Video

<« DHEPVF)

<2X(EPVF)

@

LTC Data-File-Index
Column Column
11205118 n-2xEPVF
11205119 n-EPVF
11205120 n

11205121 n+EPVF
11205122 n+2xEPVF

(b)

Elements per Video Frame (EPVF)

= Scan Frequency + 29.97 (Frames/Second)

Fig. 4. Structure of the program files.

B. Acquired-Data-File

the scanning frequencys of recording. Every video frame of the ac-
quired-data-file contains a number of elements which equals scanning
frequency 29.97 frames/s.

C. LTC Decoding Procedure

The SMPTE LTC output from the VTR are bi-phase modulated, as
shown in Fig. 3(a). When the recorded signal pulse shifts up or down
only at the extremes of the period for a signal bit (443}, the pulse
is coded as a binary zero. A binary one is coded for a bit when a pulse
shift occurs halfway through the bit period [7]. The first decoding step
was to demodulate the bi-phase modulated LTC'’s to zeros and ones,
as shown in Fig. 3(b). The second step is to determine the frame-starts.
During decoding, the program continuously compares the demodulated
0-1 sequence with the 16-bit sync word pattern shown as the second
row in Fig. 3(b). Whenever the pattern of any 16-bit segment of the
0-1 sequence matches that of the sync word, the bit after this segment
would be determined as the frame-start bit. In the last step, the program
converts 64 LTC bits from each frame-start bit into a unique eight-digit
LTC integer, as shown in Fig. 3(c) and (d).

D. Interpolated Video Frame Decoding

During data acquisition, the program retrieves all 32-bit integers
from the buffer whenever the buffer is half full, writes the data to the
hard disk, decodes the LTC'’s and forms the time-code-bridge-file all
in realtime. Even with a 266-MHz Pentium Il microprocessor-based
personal computer, the program cannot run fast enough for realtime
decoding all LTC's (29.97 LTC’s/s). The program decodes only one
set of frame-start and LTC integer for every 15 video frames, and uni-
formly interpolates the remaining frame-start/LTC-integer values be-
tween current and last correctly decoded frame-starts. Since the video
tape speed of a digital VTR is highly stable, the timing of the interpo-
lated video frame-starts can be very accurate.

E. LTC Decoding Error Correction

LTC decoding errors can be caused by a VTR coding error, noise,
electromagnetic interference and overflow of the computer buffer. The
program has an LTC decoding error correction subroutine to detect de-
coding errors. The subroutine scrutinizes every decoded LTC to deter-
mine whether the decoded frame-start is within a predicted tolerance
range (1/80 of a video frame, set by this program) and whether the de-
coded LTC integer matches the predicted number. If it is not, the pro-
gram automatically discards this erroneous LTC.

F. Compact-Time-Code-Bridge-File and
Interpolated-Time-Code-Bridge-File

After each LTC decoding, the program appends the correctly de-
coded frame-start and LTC integer to a compact-time-code-bridge-file.
Inturn, the program uniformly interpolates the frame-starts and LTC in-
tegers between the current and the last correctly decoded frame-starts,
then appends the decoded and interpolated values to a two-column in-
terpolated-time-code-bridge-file that contains the frame-starts and LTC
integers of all recorded video frames (number of ren®9.97 frames/s
x seconds of recording), as shown in Fig. 4(b). Like the interpolated
bridge file, the compact bridge file is also a two-column array except
that it contains only decoded values. Its size is 1/15 of that of the inter-
polated bridge file when no decoding error occurs, and will be smaller
if decoding errors occur and the consequent LTC decodings are dis-
carded. When the program uses the bridge file for data segment or

After every scan, the computer appends a 32-bit integer, which canideo frame search, it first searches the whole compact bridge file to
tains data/sync/LTC signals, as a file element to the acquired-data-filetermine an estimated file index number range, then searches only the
on the hard disk. As shown in Fig. 4(a), the acquired-data-file ispmrtion of the interpolated bridge file within the estimated range to de-
one-column array containing a large number of elements that equiasnine the exact index number of the acquired-data-file. This search
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Fig. 5. Structure of the interface board.

procedure would reduce the data-searching time in long-duration detaSearch for Video Frame

recording when the interpolated bridge file becomes very large. As shown in the video-search flow chart in Fig. 2(c), the interface

board is switched to data-replay mode during video frame search. First,
the program uses the compact/interpolated-time-code-bridge-files to
retrieve a desired length of data from the acquired-data-file, replays the
The flow chart for data search is shown in Fig. 2(b). When an intedata frame-by-frame on the system and analysis computer monitors,
esting video frame is determined and frozen on the TV monitor duringaad tracks the corresponding LTC’s. When an interesting frame of re-
video replay, the program turns the interface board to acquisition mogégyed data is determined and frozen on the computer monitor, the pro-
acquires and decodes the frozen LTC. Then, the program searchegtiaen retrieves the corresponding LTC and controls the VTR through
compact/interpolated time-code files for the corresponding frame-start RS232 serial bus to search for the expected video frame. First, the
index number of the acquired-data-file. Obtaining the expected corm@ogram reads the LTC of the current video-tape position through the
sponding index number, the program turns the interface board to R8232 interface and determines the difference between the video-tape
data-replay mode, retrieves the expected data segment from theld« and the frozen-data LTC. Second, the program calculates the For-
quired-data-file, displays it on the computer monitor and outputs it teard or Rewind running time from the current video-tape position to
the data analysis computer for further data analysis using the data atta-expected frame. The program then controls the VTR to forward or
ysis software. rewind the video tape to that frame. When the VTR stops, the program

G. Search for Data Segment
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Fig. 6. Instrument setup for synchronization accuracy test.
finally examines the LTC from the VTR to determine whether the cur- TABLE |
rent LTC matches the expected frame number. If it is not, the program COMPARISON OF VIDEO-SYNCHRONIZED

will repeat the search procedure. DATA ACQUISITION SYSTEMS

Bridge File | FSK Video [4] [Hi. Speed C 5
IV. SYNCHRONIZATION ACCURACY TEST System nigerie ideo [4] . Speed Camera [3]

Frame Rate 29.97 29.97 500

In a synchronization accuracy test, an accuracy testing program com- (Frame/sec)

pared the frame numbers, frame-starts and frame lengths of the ac-
quired biomedical data with those of the recorded video time codes Type of Input | Parallel Serial Un-specified
frame-by-frame, and calculated the mean and standard deviation of Signal
the whole' acquisition synchromzapon errors. As shown in Fig. 6, the Summed Data 2160 15.36 Un-specified
video vertical-sync pulses from a video camera (Panasonic AJ-D200P) Rate (kbit/sec)
and the corresponding LTC'’s were acquired by the system computer
through the data channels as simulated dual-channel biomedical data. Number of 30 32 2
After data acquisition, the acquired LTC frame numbers of the simu-  Channels
lated data V\_/ould be compared with the corres_ponding frame numbers Scanning Freq. | 6,000 60 500
of the acquired LTC from the VTR to determine frame-number syn- ; channel (Hz)
chronization error; and the acquired vertical-sync pulses of the simu-
lated data would be compared with the corresponding frame-starts of Resolution (bit) 12 8 Un-specified
j[he acquired LTC from the VTR to.determine _synphronization erors oo Recording 30 5120 033

in frame-start and frame length. This synchronization test was reliable p, ..o (min)
because the two signal references, video vertical-sync pulses and the
corresponding LTC frame-starts, are consistently synchronized.

In the test setup [Fig. 6(a)], the LTC was generated by an LTC geore of the 31data/sync channels (Bit 15) of the digital I/O board via the
erator (Horita TG-50) and synchronized with the video signals frointerface board as the simulated data for frame-start and frame-length
a video camera (Panasonic AJ-D200P). The odd-field vertical-syoomparisons. The LTC stream was input both to the data-channel Bit
pulses were extracted from the video signals [Fig. 6(b)], and input 16 via the time-code amplifier and interface board, and to the LTC In of
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TABLE I B. Synchronization Accuracy
COMPARISON OF THESYSTEM SYNCHRONIZATION TESTS Lo . .
In the timing accuracy test, 1800 s of video signals and corre-

sponding simulated-biomedical signals were acquired at a scanning

System Bridge File FSK[:;ldeo frequency of 72 kHz using the testing setup in Fig. 6(a) and Fig. 6(b).
The accuracy testing program examined the acquired-data-file and
Replications 53835 (frames) 11848 the interpolated-time-code-bridge-file, frame by frame. The frame
numbers of the acquired video images and the corresponding sim-
Syne. Errors { Frame | Frame- | Frame | Total Total

ulated-biomedical data were examined to be totally synchronized
without any detected frame-number errors. In the frame-start timing
Mean 0 -0.216 | +0.003 | 0.219 16.6 examination, the average frame-start of the recorded video images
was slightly ahead of those of the simulated-biomedical data. In

(mS) Number| start |Length

Std. Dev. 0 0.124 | 0.062 | 0.186 0.1 the frame-length examination, the average frame length of the

Maximum 0 +0.653 1 +0.399 | 1.052 16.6 recorded video images was slightly shorter than that of the simulated
biomedical data. The mean total synchronization etframe-start

Minimum 0 0.000 |+0.003 | 0.003 15.1 errol| + |frame-length errdy was 0.219 ms (0.656% of a frame) and

the maximum total synchronization error was 1.052 ms (3.153% of a
frame). The maximum latency of the interface board (10.0 ns on rising

the 1/0 board via the VTR (Panasonic AJ-D750P) and interface banéi_ges and 18.0 ns on falling edges for biomedical data, and;&24

The signal/data latencies through the VTR and interface board wodig "'sing edges and 0'3& on falling edges for LTC's), was counted
be counted in the synchronization test. In the above synchronization errors. 166.80 ms of the VTR latency

'?ed 79.6us of the inherent phase difference between frame-starts and

After data acquisition, the accuracy testing program searched @I dd-filed vertical | read ted for in th
bridge file for the acquired-data-file index at each frame-start, in ord e odd-iled vertical-sync pulses were airéady compensated for In the

to retrieve the corresponding simulated data from the acquired-daf?gft:rl]J ratgy .testlng program.dTbhetks]yn\c/;?_sr;lztatlon f? rrct>rs tglso cogr;)ted
file. When the program obtained the simulated data, it first decod € liming errors caused by the atency fluctuation, and by

the frame number of the acquired LTC from Bit 16, and determinet € _ve_rtlcal-sync pulse/frame-start phase d|fferen9e fluctuat|on_. The
the difference between the frame number of the LTC from Bit 16 ar%at's't'cal test data of the new system along with other available

the frame number in the bridge file. Second, the program Comparséyﬂﬂchronlzatlon-_error_ test data (Yen/Ra(_:iwm s FSK' video-based
ystem [4]) are listed in Table Il for comparison.

the timing difference between the rising edge of the odd-field veryStem | . . .
tical-sync pulse from Bit 15 and the corresponding frame-start in the 1S time-code-bridge-file method could also be applied to synchro-
bridge file. Finally, the program compared the duration difference bere the blqmedlcal data acquwed on a computer hard disk and_ corre-
tween odd-field vertical-sync pulse period from Bit 15 and the corr _p_ondm_g video frames acquired on the same or separate hard disk. The
sponding frame-start period in the bridge file. The mean, standard Lidge file would be a three-column array, with a column of recorded
viation, and maximum and minimum values of these differences We\f'geq fram? num_bers, "?‘”d two columns of the index numb_ers of the
acquired video-signal file and data file, at the corresponding video
then calculated.
frame-starts.
The weight of the interface board is less than 1 kg. Along with a
V. RESULTS AND DISCUSSION laptop computer, a PCMCIA data acquisition card, and a compact VCR
with LTC output, the whole system would be portable for field data
collection.
The use of the time-code-bridge-files enables this video-syn-
chronized data acquisition system to perform data acquisition and
subsequent video synchronization. The use of LTC decoding inter-
polation enables the system to perform the video synchronizationThe system accurately synchronizes the acquired biomedical data
with acquired data in realtime. Currently, the maximum scannimgcorded on the computer hard disk with the corresponding human ac-
frequency for realtime video-synchronized 32-bit data acquisitidivity images recorded on a video tape in realtime. With 2.16 Mbit/s
(31-bit data/ sync signals, and 1-bit LTC stream) is 72 kHz withowf summed data rate and less than 1.1 ms of the maximum data-syn-
interruption. The maximum summed bit rate is 2.16 Mbits/s. Thishronization error, this data acquisition system is adequate for fre-
32-bit data acquisition system can be flexibly configured. As thguency-domain muscle-fatigue research, and would be a useful tool
system is configured as a 30-channel-data plus one sync-sigftalhuman hazard exposure assessment, rehabilitation monitoring, and
channel with 12 bits of resolution, the maximum scanning frequeneghlete monitoring in sport physiological programs.
for each channel would be 6 kHz. At 72 kHz of the maximum scanning
frequency, the maximum recording duration without data overflow
is 30 min, which records 506.70 Mbytes of information onto the
hard disk: 506.25 Mbytes for the acquired-data-file, 421.5 kbytes[1] D. G. Gerleman and T. M. Cook, “Instrumentation,”$elected Topics
for the interpolated-time-code-bridge-file and 28.1 kbytes for the  in Surface Electromyography for Use in the Occupational Setting: Ex-
compact-time-code-bridge-file. The program effectively decoded the  Pert Perspectives Morgantown, WV: U.S. Department of Health and
LTC stream in realtime with typically two decoding errors in 30 min Human Serv_lces, Public Hea_lth Service, Centers for Disease Control,
of acquisition at 72 kHz. The decoding errors would be even fewer if a National 'nSt.'tuuf for Occupational Safety and Health, 1992, pp. 44-68.
lower-scanning frequency were used in data acquisition. The progran#z] D. M. Gask||!, Teghmques for SynChromzmg thermal array chart
? ’ recorders to video,” ifProc. 28th Int. Telemetering Conf.—ITC/USA/92
detects and discards all erroneously decoded LTC's to ensure that | 28 1992, pp. 61-64.
the two time-code-bridge-files are always error free. Table | shows a3} M. vannieret al, “Time and motion studies of medical imaging work-
system comparison of this new method (bridge file based) with other  stations,"SPIE-Image Capture, Formatting, and Displagl. 1653, pp.

published data. 274-280, 1992.
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Multivariate Dynamic Analysis of Cerebral Blood Flow
Regulation in Humans

Ronney B. Panerai*, David M. Simpson, Stephanie T. Deverson,
Peter Mahony, Paul Hayes, and David H. Evans

Abstract—The contributions of beat-to-beat changes in mean arterial
blood pressure (MABP) and breath-by-breath fluctuations in end-tidal
CO, (EtCO.) as determinants of the spontaneous variability of cerebral
blood flow velocity (CBFV) were studied in 16 normal subjects at rest. The
two input variables (MABP and EtCO ;) had significant cross-correlations
with CBFV but not between them. Transfer functions were estimated as
the multivariate least mean square finite impulse response causal filters.
MABP showed a very significant effect in explaining CBFV variability
(p < 107, Fisher's aggregatedp test) and the model mean square
error was significantly reduced (p < 0.001) by also including the
contribution of EtCO ,. The estimated mean CBFV step response to MABP
displayed the characteristic return to baseline caused by the cerebral
autoregulatory response. The corresponding response to EtCOshowed a
gradual rise taking approximately 10 s to reach a plateau of 2.5%/mmHg.
This study demonstrated that spontaneous fluctuations in EtC@ can help
to explain the CBFV variability at rest if appropriate signal processing
techniques are employed to address the limited power and bandwith of the
breath-by-breath EtCO, signal.

Index Terms—Cerebral autoregulation, cerebral blood flow, cerebrovas-
cular reactivity, cross-correlation analysis, Doppler measurements, end-
tidal CO 5, system identification.

|. INTRODUCTION

Ff(aactivity have been shown to be disturbed in pathophysiologic condi-
tions [1], [2], [5]- These findings suggest that clinical tests for routine
assessment of cerebral autoregulation and @@ctivity might have
potential clinical value for diagnosis and therapeutic management of
patients with cerebrovascular disorders. Early attempts to quantify
cerebral autoregulation adopted a static approach whereby relatively
large changes in MABP were induced, usually by pharmacological
methods. Corresponding changes in CBF were estimated from the
mean value of long segments of data, in some cases reaching several
minutes [1], [5]. The advent of Doppler ultrasound brought in the
possibility of much higher temporal resolutions and has allowed
studies of the dynamic response of autoregulation [4]. More recent
work has shown that the autoregulatory dynamic response can be
identified from spontaneous fluctuations in MABP and CBF velocity
without the need to provoke large changes in these variables [6]-[11].

The most common technique to assess; C€xnctivity is to mea-
sure changes in mean CBF (or flow velocity), as a consequence of
breathing a mixture of 5% C{n air [12]. Although most investigators
use Doppler ultrasound to estimate the percent change in CBF from the
change in CBF velocity (CBFV), the literature reflects little interest in
the dynamic component of the GECBFV relationship. A number of
physiological studies have shown that the CBF (or CBFV) response to
a step change in CQOs not instantaneous but shows a relatively slow
rise, lagging the C®change by several seconds [13]-[15]. Poelial.

[15] described the rising phase of CBFV by a simple exponential equa-
tion involving a time constant, an amplitude factor, and also a pure
time delay of the order of 6 s. A more elaborate nonlinear model of
CO; dynamics has been recently proposed by Ursino and Lodi [16] in
which the interaction between cerebral autoregulation angd @@c-
tivity was also included through a sigmoidal relationship. The interac-
tion between C@reactivity and static autoregulation was also modeled
by Czosnykaet al. [17] using representative characteristic curves im-
plemented on a computer.

In the present study we explored spontaneous beat-to-beat fluctu-
ations in MABP and breath-by-breath variability in end-tidal L£LO
(EtCO,) in continuous recordings obtained from normal subjects at
rest, to estimate the dynamic influences of arterial blood pressure and
CO; on CBFV.

Two main mechanisms are responsible for controlling cerebral blood
flow (CBF) under normal conditions. The first is cerebral pressure
autoregulation which tends to maintain CBF relatively constant for Il. METHODS
changes in mean arteria}I blood pressure (MABP) in the intgrva] from Patients and Measurements
50-170 mmHg [1]. Outside these limits cerebral autoregulation is said
to be passive and CBF will follow changes in MABP [2]. The second The study was approved by the Leicestershire Research Ethics Com-

major influence on CBF is the reactivity of cerebral vessels to artBlittee, and informed consent was obtained from sixteen healthy vol-
unteers between the ages of 23 and 51. Subjects were only included if
they had no history of vascular disease, heart problems, hypertension,

Manuscript received July 23, 1999; revised November 30, 1999. This wankigraine, epilepsy, cerebral aneurysm, intra-cerebral bleeding or other
was supported in part by the Engineering and Physical Sciences Resegfghrological conditions.

Council (UK). Asterisk indicates corresponding author ; ; ; ; ; e :
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