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Description

[0001] The present invention relates generally to the field of implantable medical devices used for monitoring physi-
ological conditions. More particularly, the present invention is directed toward providing a method for acquiring and
storing multiple levels of time resolved physiological data.
[0002] Clinicians face a significant challenge in diagnosing and treating a medical condition characterized by transient
symptoms, which may be influenced by changes in the disease state, patient activity, time of day, dietary influences,
emotional influences, pharmaceutical side effects, etc. Diagnostic information available to a clinician is often limited to
isolated clinical tests and examinations, which may or may not occur when a patient is symptomatic. Symptoms may
gradually or suddenly worsen or improve over time making the physician’s job in treating and diagnosing a condition
even more difficult. Particularly in the field of cardiology, the mechanisms of such changes, for example in patients
suffering from heart failure, are not fully understood. Acquisition of physiological data pertaining to a patient’s medical
condition on a continuous basis would be highly useful in diagnosing and treating individual patients and would provide
valuable information for improving the medical understanding of disease mechanisms.
[0003] Ambulatory monitoring devices, such as a Holter monitor for studying a patient’s ECG over an extended period
such as 24 hours, are known. However, such ambulatory devices rely on patient compliance for collecting accurate data
and are not generally tolerated for long periods of time such as weeks or months. Implantable medical devices are now
available for acquiring and storing physiological data relating to a patient’s medical condition over relatively long periods
of time, such as one year or more. One such medical device is the Chronicle® Implantable Hemodynamic Monitor offered
by Medtronic, Inc. The Chronicle device continuously senses a patient’s EGM, intracardiac blood pressure signals, and
an activity sensor signal and stores data in a looping memory whenever a data storage-triggering event occurs. Such
data-storage triggering events may be related to a change in the patient’s heart rhythm or a trigger delivered by the
patient using an external hand-held device. The Chronicle device employs the leads and circuitry disclosed in commonly
assigned U.S. Pat. Nos. 5,535,752 and 5,564,434, to record the EGM and absolute blood pressure values.
[0004] The patient may periodically download stored data to a home-based device for secure Internet transmission
to Medtronic’s Patient Management Network. A clinician may access the data at any time to view a continuous history
of the cardiac data rather than the "snap shot" views normally obtained during office visits. Large amounts of physiological
data collected during pertinent physiological or symptomatic events are made available to the clinician. The clinician,
however, must now face the task of sorting through, analyzing and interpreting the large amounts of data, which may
sometimes be an overwhelming task particularly in light of a clinician’s large patient load.
[0005] Efficient recording of interesting aspects of physiological data has been desirable since ambulatory recording
devices, both implantable and external, have first been used experimentally and clinically. Recording capabilities were
introduced into implantable devices such as pacemakers and defibrillators after low power digital memory became
implemented in these devices. Although the storage-to-size ratio of digital memory has increased with improved tech-
nology, storage of raw, uncompressed physiologic data, such as relating to ECG, blood pressure, oxygen saturation,
body motion, respiration, blood flow, etc., is still not possible to achieve over a period of time longer than a day or so in
small external, ambulatory recording devices and more particularly in small implantable devices.
[0006] Depending on the intended use, recordation of physiological data generally requires a sampling frequency of
about 32 Hz or more. In some applications 100 Hz sampling or more is required. Approaches to reducing the memory
requirements for storing physiological data include data compression methods, event-triggered data storage, data feature
extraction methods, and data averaging.
[0007] Even when memory space is sufficient to store raw, uncompressed data, the data needs to be consolidated
into a form that is usable and readily interpreted by the clinician. Consolidation of large amounts of stored data may be
performed by an external computer after retrieval of the data from an implanted device. However, all-in-one storage and
processing of data by an implanted device into a usable format that provides the physician with a clinically relevant view
of the data would be more convenient than having to transfer and post-process data on another system.
[0008] As implantable device technologies improve, the available memory for storing physiological data has increased.
Even so, the available memory within an implantable device is limited and therefore requires implementation decisions
to be made regarding the time resolution of stored data and the length of a stored episode. If a detailed time resolution
is desired, the duration of the recorded episode will be requisitely shorter. Physicians may desire to view varying reso-
lutions of physiological data in order to analyze and understand the patient’s condition over long-term, medium-term,
and short-term trends. Having such data stored and immediately available by transferring the data from an implanted
device to an external device can be convenient for the clinician in that the clinician is not required to download data from
a remote website and match time and events of interest to large sets of data.
[0009] There remains a need, therefore, for a method and system for acquiring and storing physiological data in an
efficient manner using a fixed amount of available memory in an implantable medical device or in an external ambulatory
device having limited memory. Such a method preferably allows data to be stored in a way that permits a clinician to
gain both long-term assessments of a patients disease status trends and detailed looks of recent or pertinent events.
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[0010] The present invention provides a method as defined in claim 1.
[0011] The present invention may be realized in a medical device apparatus as defined in claim 17.
[0012] Document US-A- 2002/1 73 829 discloses the most relevant prior art.
[0013] In one embodiment, temporary memory buffers are provided in the form of histograms each containing a number
of histogram bins defined according to a value or range of values for a given physiological parameter. Physiological
parameter values are stored in a temporary histogram bin having a definition matching the parameter value. Upon
expiration of a storage interval, one or more statistical aspects are determined from the histogram data. For example,
a median and upper and lower percentile values may be determined as the values assigned to the histogram bins
containing the median, upper and lower percentile parameter values, respectively. The bin values corresponding to the
median and upper and lower percentile values may then be stored in a corresponding long-term memory buffer.
[0014] In one embodiment, each long-term memory buffer operates in association with two temporary memory buffers
for storing sampled data on alternating storage intervals. Signal samples may be written during one storage interval to
one temporary buffer while statistical analysis is performed on data that has been stored in the second temporary buffer
during the previous storage interval and the statistical result is written to the long-term buffer.

Figure 1 is an illustration of an exemplary implantable monitoring device in which the present invention may be
usefully practiced.
Figure 2 is a functional block diagram of one embodiment of the monitoring device of Figure 1 shown in conjunction
with an associated lead in relation to a patient’s heart.
Figure 3 is a flow chart providing an overview of steps included in a method for acquiring and storing physiological
data according to one embodiment of the present invention.
Figure 4 is a schematic block diagram illustrating a method for memory allocation and physiologic data storage in
a multi-level time-resolved data storage scheme according to one embodiment of the present invention in which
multi-level temporary and long-term memory buffers are arranged serially.
Figure 5 is a schematic block diagram illustrating a method for allocating memory and storing multi-level time-
resolved physiological data according to a parallel arrangement of multi-level temporary and long-term memory
buffers.
Figure 6 is a schematic block diagram of one method for determining and storing multi-level resolved median and
percentile values of sampled physiological data using temporary histograms in association with each long-term
memory buffer.
Figure 7 is a block diagram illustrating an alternative method for acquiring and storing multi-level time-resolved
physiological data which includes pairs of temporary memory buffers associated with each long-term memory buffer.

[0015] The present invention provides a method for acquiring, processing and storing multi-level time-resolved phys-
iological data. The methods described herein are expected to be most beneficial when implemented in an implantable
medical device wherein memory capacity is limited due to device size limitations. However, aspects of the present
invention may also be beneficial when implemented in an external monitoring device, such as an ambulatory monitoring
device wherein limited size for wearability or transportability by the patient imposes memory size restrictions.
[0016] An exemplary implantable device in which the present invention may be usefully practiced is illustrated in Figure
1. In the embodiment shown, device 100 is provided as an implantable device used for monitoring a patient’s hemodynamic
function. As such, device 100 is shown coupled to a lead 12 used for deploying one or more physiological sensors in
operative relation to a patient’s heart 10. Lead 12 is shown as a transvenous lead positioned intracardially in Figure 1,
however, a lead carrying one or more physiological sensors may alternatively be deployed in an epicardial, intravascular,
subcutaneous or submuscular position for sensing cardiac-related physiological signals of interest. While the system
shown in Figure 1 includes a single lead 12, it is recognized that a system for monitoring physiological signals may
include two or more leads, each of which may carry one or more sensors. Additionally or alternatively, device 100 may
include physiological sensors located within or on the housing of device 100.
[0017] Furthermore, it is recognized that the methods presented herein for acquiring and storing physiological data
may be beneficially employed in non-cardiac related monitoring applications and therefore require placement of a mon-
itoring device and any associated leads equipped with physiological sensors at other internal body locations. Sensors
that may be used for acquiring physiological data may include electrodes for sensing electrical signals or measuring
tissue impedance, pressure sensors, flow sensors, temperature sensors, accelerometers, biochemical sensors such as
oxygen sensors or pH sensors, or any other sensor known for use in monitoring a physiological activity or condition.
[0018] Device 100 may be embodied as a monitoring device with or without therapy delivery capabilities. With respect
to cardiac-related applications, device 100 may be capable of providing electrical stimulation therapies such as cardiac
pacing therapies, cardioversion, and or defibrillation therapies. In other embodiments, device 100 may include apparatus
for delivering pharmaceutical agents.
[0019] Device 100 is preferably in telemetric communication with an external device 50. External device 50 may be
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embodied as a "programmer," as well known in the art of cardiac pacemaker technology, for use in transmitting pro-
gramming commands to and receiving data from the implanted device 100.
[0020] Figure 2 is a functional block diagram of one embodiment of the monitoring device of Figure 1 shown in
conjunction with an associated lead in relation to a patient’s heart. Lead 12 has first and second lead conductors 14 and
16 extending from a proximal connector end 18 to a sensor 20 disposed near the distal lead end. In one embodiment,
the sensor 20 is provided as a pressure sensor module for monitoring intra-cardiac pressure and temperature signals
as generally described in the above-referenced U.S. Pat. Nos., 5,564,434 and 5,535,752. A third lead conductor 17 may
be provided extending from an electrode 26 at or near the distal lead end to proximal connector end 18. The proximal
connector assembly may be formed as an in-line multi-polar lead connector or a bifurcated lead connector and is coupled
to device 100 via a conventional connector block assembly.
[0021] Device 100 is divided generally into an input/output circuit 112 coupled to a battery 108, an optional activity
sensor 106, a telemetry antenna 134, the lead conductors 14, 16, and 17, a crystal 110, and a microcomputer circuit
114. The input/output circuit 112 includes digital controller/timer circuit 132 and associated components including the
crystal oscillator 138, power-on-reset (POR) circuit 148, Vref/BIAS circuit 140, analog-to-digital converter and multiplexor
(ADC/MUX) circuit 142, RF transmitter/receiver circuit 136, optional activity circuit 152 and sensor signal demodulator 150.
[0022] Crystal oscillator circuit 138 and crystal 110 provide the basic timing clock for the digital controller/timer circuit
132. Vref/BIAS circuit 140 generates stable voltage reference Vref and current levels from battery 108 for the circuits
within the digital controller/timer circuit 132, and the other identified circuits including microcomputer circuit 114 and
demodulator 150. Power-on-reset circuit 148 responds to initial connection of the circuitry to the battery 108 for defining
an initial operating condition and also resets the operating condition in response to detection of a low battery voltage
condition. ADC/MUX circuit 142 digitizes analog signals received by digital controller/timer circuit 132 from demodulator
150 for storage by microcomputer circuit 114. When sensor 20 is provided as a pressure sensor module, signals are
digitized by ADC/MUX circuit 142 corresponding to temperature (Vtemp) and pressure (Vprs) received from demodulator
150 as indicated in Figure 2.
[0023] Data signals transmitted out through RF transmitter/receiver circuit 136 during telemetry are multiplexed by
ADC/MUX circuit 142. Voltage reference and bias circuit 140, ADC/MUX circuit 142, POR circuit 148, crystal oscillator
circuit 138 and optional activity circuit 152 may correspond to any of those presently used in currently marketed, im-
plantable cardiac pacemakers.
[0024] The digital controller/timer circuit 132 includes a set of timers and associated logic circuits connected with the
microcomputer circuit 114 through the data communications bus 130. Microcomputer circuit 114 contains an on-board
chip including microprocessor 120, associated system clock 122, and on-board RAM and ROM chips 124 and 126,
respectively. In addition, microcomputer circuit 114 includes an off-board circuit 118 including separate RAM/ROM chip
128 to provide additional memory capacity. Microprocessor 120 is interrupt driven, operating in a reduced power con-
sumption mode normally, and awakened in response to defined interrupt events, which includes the periodic timing out
of data sampling intervals for storage of monitored data, the transfer of triggering and data signals on the bus 130 and
the receipt of programming signals. A real time clock and calendar function may also be included to correlate stored
data to time and date.
[0025] Microcomputer circuit 114 controls the operating functions of digital controller/timer 132, specifying which timing
intervals are employed during monitoring and during therapy delivery functions (if provided) and controlling the duration
of the various timing intervals, via the bus 130. The specific current operating modes and interval values are program-
mable. The programmed-in parameter values and operating modes are received through the antenna 134, demodulated
in the RF transmitter/receiver circuit 136 and stored in RAM 124.
[0026] Data transmission to and from the external programmer 50 is accomplished by means of the telemetry antenna
134 and the associated RF transmitter and receiver 136, which serves both to demodulate received downlink telemetry
and to transmit uplink telemetry. For example, circuitry for demodulating and decoding downlink telemetry may correspond
to that disclosed in U.S. Pat. No. 4,556,063 issued to Thompson et al. and U.S. Pat. No. 4,257,423 issued to McDonald
et al., while uplink telemetry functions may be provided according to U.S. Pat. No. 5,127,404 issued to Wybomy et al.
Uplink telemetry capabilities will typically include the ability to transmit stored digital information as well as real time
physiological signals.
[0027] In accordance with the present invention, stored digital data that may be telemetered out will include multi-level
time-resolved data relating to one or more physiological parameters. Such data may then be displayed in a graphical
or tabular format by external programmer 50 or transferred to another external device such as a personal computer for
display and analysis. Display of physiological parameters over varying time resolutions allows the physician to gain an
overview of long-term and/or medium term trends, and study recent detailed data, most closely related to the patient’s
current condition. Such an evaluation of relatively long-term trends, short-term trends, and intermediate trends is generally
in accord with a physician’s diagnostic and prognostic thinking processes for many chronic conditions.
[0028] A number of power, timing and control signals are applied by the digital controller/timer circuit 132 to the
demodulator 150 to initiate and power the operation of the pressure sensor module 20 and selectively read out the
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pressure and temperature signals Vprs and Vtemp. An active lead conductor 16 is attached through the connector block
terminals to input and output terminals of demodulator 150 which supplies a voltage VREG at the output terminal. A
passive lead conductor 14 is coupled through to the VDD supply terminal of the demodulator 150. The voltage signals
Vprs and Vtemp developed from intervals between current pulses received at the input terminal are provided by demod-
ulator 150 to the digital controller/timer circuit 132. The voltage signals Vprs and Vtemp are converted to binary data in
an ADC/MUX circuit 142 and stored in RAM/ROM unit 128 in a manner well known in the art.
[0029] Input/output circuitry 112 further includes an EGM sense amplifier 152 which receives a signal from electrode
26 and using the monitor case as an indifferent electrode for acquiring an EGM signal. EGM sense amplifier 152 preferably
takes the form of an automatic gain controlled amplifier with adjustable sensing threshold. The general operation of EGM
sense amplifier 152 may correspond to that disclosed in U.S. Pat. No. 5,117,824, by Keimel, et al. The EGM signal may
be employed by timer circuit 132 to identify the onset of a cardiac depolarization in each heart cycle for deriving a heart
rate and initiating monitoring and/or storage operations.
[0030] The lead 12 or a separate additional lead may be provided with an oxygen sensor module in the distal segment
of the lead. Such a lead is shown in commonly assigned U.S. Pat. No. 4,750,495 to Moore and Brumwell an oxygen
sensor demodulator and is also described in the above-mentioned ’495 patent.
[0031] As indicated previously, device 100 may function as an interrupt-driven device wherein interrupt signals gen-
erated, which may be generated by digital controller/timer 132 at set time intervals or upon a particular device or patient-
related event, "wake-up" microprocessor 120 to perform certain calculations or functions. In the acquisition of physiological
parameter values, a sensor signal is continuously sampled and software included in microcomputer circuit 114 will be
executed by microprocessor 120 upon generation of an interrupt signal to derive a physiological parameter from the
digitized sensor signal data stored in a direct memory access (DMA) buffer. With regard to the embodiment shown in
Figure 2, right ventricular pressure and temperature and EGM signals are sampled at a nominal sampling frequency
and the digitized signals are stored in DMA associated with microprocessor 120. An interrupt signal will also cause
microprocessor 120 to increment an interrupt interval counter which may be used to time the various predetermined
storage intervals associated with each of the temporary memory buffers used for storing physiological parameter data.
[0032] In accordance with the present invention, device 100 continuously stores parameterized physiological data in
a number of temporary to each of the desired temporal resolutions of each physiological parameter to be monitored. A
portion of RAM 124 and/or RAM 128 of device 100 is designated for the temporary storage of physiological parameter
values. Physiological parameter values are written to the appropriate temporary memory buffers included in RAM 124
and/or RAM 128 under the control of microprocessor 120. Parameterized data are stored in a given temporary memory
buffer for a predetermined storage interval. Upon expiration of the storage interval, statistical processing of the stored
parameter values is executed by microprocessor 120 according to stored software algorithms.
[0033] One or more computed statistical aspects of the physiological parameter values are then written to an appropriate
long-term, memory buffer designated in RAM 128 under the control of microprocessor 120. A long-term memory buffer
is provided in association with each temporary memory buffer. Data stored in long-term memory buffers are available
for uplinking to external device 50 (Figure 1) via RF transmitter/receiver 136. If a long-term, memory buffer becomes full
before a device interrogation is performed to uplink stored data, stored data may be overwritten by newly acquired data,
preferably in a "first in, first out" format such that the oldest data value is overwritten by the newest value in an "endless"
memory loop.
[0034] In a further variation, provision may be made for the patient to initiate permanent long-term storage of high-
resolution physiological data, which might otherwise be overwritten in a long-term looping memory buffer designated for
high resolution data. Through the use of an external programmer or a reed switch closure when an unusual event or
symptom is experienced, a segment of high-resolution data stored in a long-term memory buffer beginning at a time
prior to the patient-initiated trigger and extending for an interval thereafter may be stored in a designated area of permanent
memory that will not be cleared or overwritten until uplinked to an external device. This high resolution physiological
data stored upon patient initiation may be labeled by an event marker upon telemetry out for examination by the physician.
[0035] A number of physiological parameters of interest may be derived from a single digitized physiological sensor
signal. For example, by positioning pressure sensor module 20 in the right ventricle for measuring right ventricular
pressure, a peak or average systolic pressure, peak or average diastolic pressure, maximum rate of pressure development
m(+dP/dtmax), maximum rate of pressure loss m(-dP/dtmin), and/or an estimated pulmonary artery diastolic pressure may
be determined for each cardiac cycle. Furthermore, cardiac cycle-related time intervals may be derived from a pressure
signal such as the pre-ejection interval and the systolic time interval. Thus, for a single physiological signal received,
multiple physiological parameters may be derived, each of which may be designated for storage in multi-level time
resolved temporary and long-term memory buffers.
[0036] Figure 3 is a flow chart providing an overview of a method for acquiring and storing physiological data according
to one embodiment of the present invention. At step 405, data acquisition is enabled through a programmer-entered
command. Once enabled, signals from one or more physiological sensors are sampled at a desired sampling frequency
at step 410. The sampling frequency may vary depending on the type of signal being sensed. For example, in a pressure
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sensor module provided as sensor 20 in Figure 2, temperature may be sampled once every cardiac cycle and pressure
may be sampled at a rate of 256 Hz. The sampling frequency selected may be fixed or programmable for a particular
sensor signal and will depend on the resolution needed to achieve a meaningful resolution of derived, parameterized data.
[0037] With regard to cardiac monitoring applications, sensed signals may be parameterized on a beat-by-beat basis.
For example, a pressure sensor signal sampled at a rate of 256 Hz may be used to derive one or more pressure-related
parameters, as indicated previously, for each heart beat. In a preferred embodiment, a cardiac EGM signal is used to
define cardiac cycle boundaries, for example by measuring R-R intervals. In Figure 3, an R-wave is sensed at step 415
and physiological parameter(s) are derived from a digitized sensor signal and stored subsequently at step 420. Alter-
natively, cardiac cycle boundaries may be defined from mechanical signals, such as ventricular pressure. Physiological
parameter values may be derived from digitized sensor signals on a less or more frequent basis than each cardiac cycle
according to the type of monitoring application being performed. Cardiac-related or other types of physiological param-
eters may be determined based on sensor signals acquired over a defined interval of time, one or more cardiac cycles,
one or more respiration cycles, etc.
[0038] At decision step 425, a determination is made whether a predefined storage interval has expired. As will be
described in greater detail below, a designated temporary memory buffer is used to store parameterized signal data for
a predefined storage interval. The length of the storage interval determines the degree of time resolution of the param-
eterized data that will be obtained and stored in a long-term memory buffer. If a storage interval has not expired at step
425, method 400 returns to step 410 to continue sampling the physiological signal and deriving and storing physiological
parameter values in a temporary memory buffer.
[0039] Once a storage interval expires, as determined at decision step 425, one or more statistical parameters are
computed from the stored physiological parameter data. Computed statistical parameters may include, but are not limited
to, an average, standard deviation, median, maximum, minimum and/or percentile. A computed statistical aspect is then
written to a long-term memory buffer at step 435.
[0040] It is the intention of the present invention to provide two or more long-term memory buffers designated for
storing a statistical aspect of a particular physiological parameter at different time resolutions. Each long-term memory
buffer is therefore associated with a temporary memory buffer which stores parameterized physiological data for a
defined storage interval. The time resolution of statistical data stored in a long-term memory buffer will depend on the
storage interval of the corresponding temporary memory buffer. A relatively short storage interval is defined to obtain
fine resolution data; progressively longer storage intervals are defmed for obtaining progressively coarser temporal
resolutions in a multi-level time resolved storage format. For a given physiological parameter, multi-level time resolved
data may be stored in a relatively fine resolution long-term memory buffer, a relatively course resolution long-term
memory buffer, as well as one or more intermediate resolution long-term memory buffers.
[0041] Figure 4 is a block diagram illustrating a method for memory allocation and physiologic data storage in a multi-
level time-resolved data storage scheme according to one embodiment of the present invention. In Figure 4, parame-
terized physiological data are provided as input 202 to a temporary memory buffer 204 which stores a number, A, of
parameterized physiological data points. The number of points stored will depend on a programmable storage interval
and the sampling frequency of the parameterized data.
[0042] A storage interval may be defined as an interval of time such as a few seconds, a few minutes, a few hours,
etc. Alternatively, a storage interval may be defined according to a number of cardiac cycles or respiration cycles or
according to a desired number of parameterized data points. The storage interval is preferably programmable and, in
one embodiment, ranges from 2 seconds to three months, wherein shorter storage intervals are selected to achieve fine
temporal resolution and longer storage intervals are selected to achieve intermediate or coarse temporal resolution.
[0043] Temporary memory buffer 204 shown in Figure 4 is associated with a fine resolution long-term memory buffer
210 and is therefore expected to be assigned a relatively short storage interval, e.g., a few seconds or a few minutes.
Upon expiration of the storage interval, a statistical feature of the parameter values stored in temporary buffer 204 is
determined at processing block 206. Digital signal processing may be used for determining an average, median, max-
imum, minimum, percentile or other statistical aspect of the stored data. Such processing may be performed by dedicated
circuitry or by algorithms executed by microprocessor 120. The statistical result provided as output 208 from block 206
is then written to fine-resolution, long-term memory buffer 210. The capacity of the fine-resolution, long-term memory
buffer 210 is preferably selectable. Finely-resolved data may be stored, for example, for several minutes, one or more
hours, one or more days, or longer depending on the rate of deriving a physiological parameter from a sampled signal
and the selected storage interval assigned to temporary memory buffer 204, both of which will depend in part on the
nature of the data to be stored.
[0044] Fine-resolution, long-term memory buffer 210 is preferably provided as a looping memory buffer such that once
memory buffer 210 is full, the oldest statistical value stored is overwritten by the newest statistical value. Recent phys-
iological data will generally be of greater interest to a clinician than relatively older data. Thus the number of statistical
values, B, stored in fine-resolution, long-term memory buffer 210 will depend on the storage interval of temporary memory
buffer 204 and a programmed loop duration of long-term memory 210. For example, the storage interval for temporary
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buffer 204 may be 1 minute, and the long-term memory buffer 210 may be programmed to store 24 hours of data in a
continuous looping fashion such that up to 1,440 statistical values computed from one minute of parameterized data will
be stored in fine-resolution, long-term memory buffer 210.
[0045] The output 208 of data processing block 206 is further provided as input to a second memory buffer 214
designated as a medium-resolution temporary memory buffer. Medium-resolution temporary memory buffer 214 receives
and stores a number, C, of statistical values from processing block 206. The number of values, C, stored by medium-
term temporary memory buffer 214 is determined according to a selectable, preferably programmable, medium-term
storage interval and the resolution of the finely-resolved statistical feature determined by block 206. For example, if the
fine-resolution storage interval is set to one minute, a medium-resolution storage interval may be set to one hour. As
such, medium-resolution temporary memory buffer 214 will receive 60 statistical values from output 208 of processing
block 206.
[0046] Processing block 216 will, in turn, determine a statistical aspect of the C values stored in medium-resolution
temporary memory buffer 214 at the end of the medium-resolution storage interval and provide the statistical value as
output 218 to be received by a medium-resolution long-term memory buffer 220. Medium-resolution long-term memory
buffer 220 is also preferably provided as a continuous loop memory buffer, the capacity of which is preferably program-
mable. For example, if the medium-resolution storage interval is set for 1 hour, long-term memory buffer 220 may be
set to store one month, or 672, hourly statistical values. Thus the number of values, D, stored in medium-resolution,
long-term memory buffer 220 will depend on the selected duration of the memory loop and the medium-resolution storage
interval.
[0047] The output 218 of medium-resolution processing block 216 is further provided as input to a coarse-resolution
temporary memory buffer 224. A number, F, of medium-resolution data values may be stored in coarse-resolution
temporary memory buffer 224. The number of values stored in coarse-resolution temporary memory buffer 224 will
depend on a selectable coarse-resolution storage interval and the resolution of the medium-resolution values received
as input. Continuing the example provided above wherein a medium-resolution storage interval was set as one hour, a
coarse-resolution storage interval may be set to 24 hours such that upon expiration of a 24-hour storage interval a daily
statistical value may be determined by processing block 226.
[0048] The coarse resolution statistical value provided as output 228 is written to a coarse-resolution long-term memory
buffer 230. Long-term memory buffer 230, which is preferably a continuous loop memory buffer of programmable length,
is capable of storing G coarse-resolution statistical values, where the number of values, G, will depend on the coarse-
resolution storage interval and the programmed coarse-resolution long-term memory loop duration. For example, the
duration of long-term memory loop 230 may be programmed to be 365 days to allow storage of daily statistical values
for up to one year.
[0049] Thus in the current example, 1-minute statistical values for the most recent 24 hours are available from the
fine-resolution long-term memory buffer 210; hourly statistical values are available for the most recent month from the
medium-resolution, long-term memory buffer 220; and daily statistical values are available for up to one year from the
coarse-resolution, long-term memory buffer 230.
[0050] One advantage of continuously acquiring and storing fine-resolution data is that a detailed "picture" of the most
recent physiological data is available whenever a symptomatic event occurs or a clinical test is performed without
requiring reprogramming of the physiological data storage parameters. For example, a patient may be advised to perform
a clinical test such as a 6-minute walk or a stair-climbing, treadmill, or stationary bicycle exercise test. The physiological
data during such a test may be immediately available for transmission from an implanted device to an external device.
An external device receiving transmitted data may be, for example, an external physician programmer, a patient pro-
grammer or home monitor which may be in communication with a centralized, physician-accessible data base, a personal
computer, a centralized computer network system, or an Internet based patient data system via a modem. Hence, the
physician may easily obtain finely resolved physiological data from a recent test or symptomatic event.
[0051] The physiological data storage method illustrated by the schematic diagram of Figure 4 represents a serial
arrangement of multi-level, time-resolved physiological data wherein coarsely resolved data values are determined from
more finely resolved data values. In this "nested" arrangement, the allocation of memory and the resolution of lower-
resolution memory buffers will depend in part on the resolution and memory allocation of higher-resolution memory
buffers. If a relatively long duration of fine resolution data is desired, the memory available for medium and coarsely
resolved data will be more limited. If a fixed amount of memory is available for storing physiological data, the memory
available for each resolution level of a given statistical aspect of a particular physiological parameter will be interdependent
on the number of physiological parameters selected for data storage and the duration and resolution of each long-term
memory buffer.
[0052] During a programming procedure for enabling data acquisition, a physician would assign storage intervals and
long-term memory durations for selected physiological parameters to be stored in multiple temporal resolutions. Software
included in the programming device is expected to perform calculations of remaining memory available as the program-
ming proceeds. For example, once a fine-resolution storage interval and long-term memory duration are selected,
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indications are made to the physician regarding the long-term memory durations that are available for each of the possible
storage interval selections for intermediate or coarse resolution storage levels. Such indications may be made in a tabular
format or by a message that indicates the maximum long-term storage duration available if the shortest storage interval
is selected for a given storage level.
[0053] Figure 5 is a schematic block diagram illustrating a method for allocating memory and storing multi-level time-
resolved physiological data according to an alternative embodiment of the present invention. The method shown in
Figure 5 illustrates a parallel arrangement for storing multi-level time-resolved data. In this embodiment, parameterized
data points are received directly as input 202 for storage in each resolution level of temporary memory buffers 204, 214,
and 224. Fine-resolution memory buffer 204 stores a number, A, of physiological parameter values received as input
202 for a fine-resolution storage interval, after which a statistical aspect is determined from the stored values by processing
block 206 and provided as output 208 to be written to fine-resolution long-term memory loop 210.
[0054] In a similar manner, medium- and coarse-resolution temporary memory buffers 214 and 224, respectively,
receive and store a number of physiological parameter values received directly from input 202. Parameter values are
stored for a medium-resolution storage interval in temporary memory buffer 214 after which a medium-resolution statistical
value is determined by processing block 216 and written to medium-resolution long-term memory loop 220. Parameter
values are stored for a coarse-resolution storage interval in coarse-resolution temporary memory buffer 224 and a
coarse-resolution statistical value is determined by processing block 226 and written to coarse-resolution long-term
memory loop 230. The medium- and coarse-resolution statistical values determined at blocks 216 and 226 and stored
in the medium- and coarse resolution memory loops 220 and 230 do not depend on the fine-resolution data 208 as input.
[0055] The parallel arrangement of multi-level resolved data storage as shown in Figure 5 simplifies the selection of
the storage intervals for coarser resolved data storage since these selections are not dependent on the resolution of
finer-resolution storage levels. The statistical values stored in the medium-term and long-term resolution memory loops
will be more accurate since these values will have been determined directly from sampled parameter values rather than
statistical values determined at the next finer resolution level. However, the parallel arrangement may not be as com-
putationally or power efficient as the serial arrangement described in conjunction with Figure 4, and the parallel arrange-
ment will require greater temporary buffer storage capacity for storing sampled parameter values for relatively long
storage intervals in the medium- and coarse-resolution temporary memory buffers.
[0056] While the methods described in conjunction with Figures 4 and 5 relate to three levels of time-resolved data,
fine, medium and coarse, it is recognized that, for a given physiological parameter, two or more levels of time-resolved
data may be designated. Furthermore, it is recognized that for a given storage interval, multiple statistical and/or other
mathematical, time or frequency domain parameters may be determined from the data stored in a given temporary
memory buffer and written to a corresponding long-term memory buffer. For example, any of the average, median,
desired percentile value, standard deviation, maximum, minimum, or other value derived from the stored sample points
may be written to a corresponding long-term memory buffer.
[0057] Figure 6 is a schematic block diagram of one method for determining and storing multi-level resolved median
and percentile values of sampled physiological data. The inventors of the present invention have found that the storage
of median values of hemodynamic related data acquired from an intra-cardiac pressure sensor may be of greater interest
than the storage of average values because the storage of median values effectively eliminates the effect of "outliers"
among the sampled data points which may otherwise produce anomalous average values. As such, a median value of
a series of sequentially acquired physiological data points may be determined by temporarily storing a number of sampled
data points in a histogram format, then determining the histogram bin in which the median data point resides at the end
of a predetermined storage interval.
[0058] As noted previously and as shown in Figure 6, one or more physiological parameters may be derived from a
given physiological signal. In the embodiment shown in Figure 6, and with regard to the device shown in Figure 2, an
EGM signal is received and processed at block 302 for deriving a heart rate (HR). The heart rate may be expressed in
terms of the R-R interval measured between consecutively sensed R-waves of the EGM signal. Digital controller/timer
132 (Figure 2) may derive an R-R interval based on the time between R-out signals received from sense amplifier 151
(Figure 2). Alternatively, a digitized EGM signal may be processed by microprocessor 120 (Figure 2) for deriving R-R
intervals or other EGM intervals or characteristics that may be of interest such as R-T intervals, P-R intervals, R-wave
amplitude, R-wave duration, etc.
[0059] A ventricular pressure signal (Vprs), typically a right ventricular pressure signal, is received and processed at
block 304 for deriving a number of ventricular pressure-related hemodynamic parameters which may include, but are
not limited to: systolic pressure (SP), diastolic pressure (DP), pulse pressure (PP), maximum rate of pressure development
(+dP/dt), minimum rate of pressure development (-dP/dt), estimated pulmonary artery diastolic pressure (ePAD), a
systolic time interval (STI) and a pre-ejection time interval (PEI). Microprocessor 120 (Figure 2) may perform signal
processing algorithms represented by signal processing block 304 for deriving each of these pressure-related parameters
from a digitized pressure signal.
[0060] The heart rate (or R-R interval) and each of the pressure-related parameters of interest may be determined on
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a beat-by-beat basis as described previously. A bank of temporary histograms 306 and associated long-term looping
memory buffers 308 are provided for storing parameterized data and statistical aspects of parameterized data, respec-
tively. In the embodiment of Figure 6, a fine-resolution temporary histogram having a short storage interval and a coarse-
resolution temporary histogram having a relatively long storage interval are provided for receiving and temporarily storing
derived physiological parameter values received from signal processing blocks 302 or 304. For example, a fine-resolution
temporary histogram 310 having a short storage interval and a coarse resolution temporary histogram 312 having a
relatively long storage interval are provided for receiving and storing heart rate data from signal processing block 302.
Physiological parameters will be stored in respective temporary histograms for the designated storage interval, defined
according to the temporal resolution desired as described previously. Multiple temporary histograms may be provided
for a given physiological parameter with each temporary histogram having a uniquely defined storage interval for achieving
relatively fine and coarse temporal resolutions as shown in Figure 6, and may further include any number of intermediate
resolution temporary histograms.
[0061] Values for a particular physiological parameter are stored in an appropriate histogram bin provided in a respective
temporary histogram included in bank 306 according to histogram bin definitions. A bin definition defines a value or
range of values of the corresponding physiological parameter. A derived parameter value is thus stored in the bin having
a definition that matches the parameter value. Parameter values not matching any bin definition may be considered
outliers and be discarded. At the end of the storage interval, the bin containing the median percentile value is identified
such that the bin value may be written to a corresponding long-term memory loop included in bank 308. In one embodiment,
a median and upper and lower percentile values are determined from stored histogram data at the end of a storage
interval and written to a corresponding long-term memory loop included in memory loop bank 308.
[0062] A median histogram bin value may be determined as the value of the bin in which the ith parameter value is
stored where: 

[0063] According to one embodiment, the median histogram bin value may then be identified at the end of a storage
interval by summing the number of values stored in each histogram bin beginning with the lowest histogram bin until the
sum is greater than i. The histogram bin that causes the sum to be greater than i will contain the median parameter
value. This histogram bin value or a number designating the bin may be written to a respective long-term memory buffer.
[0064] In addition, upper and lower percentile histogram bin values may be stored wherein the upper and lower
percentile values to be determined are programmable. For example, the histogram bin containing the 5th percentile
parameter value and the 95th percentile parameter value may be determined and the corresponding bin number stored.
For a given percentile, n, the number of parameter values less than the nth percentile may be determined by multiplying
the total number of parameter values stored during a storage interval by n%. The nth percentile value may then be
determined by summing the number of parameter values stored in each histogram bin beginning at the lowest histogram
bin until the number of parameter values less than the nth percentile is exceeded. The histogram bin that causes the
sum to exceed this number includes the nth percentile value. The histogram bin value or a number identifying the bin
associated with the nth percentile value may then be written to a corresponding long-term memory buffer included in
bank 308.
[0065] Figure 7 is a block diagram illustrating a scheme for storing multi-level time-resolved physiological data according
to an alternative embodiment of the present invention. In Figure 7, each long-term memory buffer 510, 512, and 514 is
associated with a pair of temporary memory buffers 504, 506, and 508, respectively, which may be in the form of
temporary histograms as described above. A physiological sensor signal 501 is received by signal processing block 502
and a parameterized signal value provided as output from signal processing block 502 is written to the first buffer 504A,
506A and/or 508A, of a given pair of temporary memory buffers 504, 506, and/or 508. Once the first buffer is filled, at
the end of a corresponding storage interval, parameterized signal data received from signal processing block 502 is
written to the second temporary memory buffer 504B, 506B, and/or 508B, of a given pair 504, 506, or 508.
[0066] While parameterized data is being continuously written to the second temporary memory buffer, 504B, 506B,
and/or 508B, a statistical aspect of the stored data is computed from the data stored in the first temporary memory buffer
504A, 506A, and/or 508A and stored in an associated long-term memory buffer 510, 512 or 514. The first temporary
memory buffer 504A, 506A, and/or 508A, may then be cleared of data. Meanwhile, parameterized signal data continues
to be written to the second temporary memory buffer 504B, 506B, and/or 508B included in a temporary memory buffer
pair 504, 506, and/or 508, until the next storage interval expires, after which parameterized signal data will be written
again to the first temporary memory buffer 504A, 506A, and/or 508A while statistical computations are performed on
the values stored in the second temporary memory buffer 504B, 506B, and/or 508B. Thus, parameterized data may be
written to a temporary memory buffer on alternating storage intervals to allow statistical computations and writing to
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long-term memory buffers to be performed while still continuously acquiring and storing parameterized data.
[0067] Thus, a system and method have been described for acquiring and storing physiological data in multiple levels
of temporal resolution. While particular embodiments of the present invention have been described herein, it is recognized
that numerous variations could be conceived by one having skill in the art and the benefit of the teachings provided
herein. The detailed descriptions provided are intended to be exemplary, therefore, rather than limiting with regard to
the following claims.

Claims

1. A method for storing and processing physiological data in a medical recording device having continuous data
collection and data storage of such data in multiple time-resolved tiers, comprising:

sampling one or more physiological signals at a selected sampling rate;
deriving physiological parameter values from the one or more sampled signals;
storing the parameter values in respective ones of at least two temporary memory buffers for a respective
predetermined storage interval for each temporary memory buffer;
for each temporary memory buffer, determining a respective statistical aspect of the stored parameter values
upon expiration of the respective storage interval; and providing for each of the temporary memory butters an
associated long-term memory butter;

and writing the respective statistical aspect of each of the temporary memory buffers to said associated long-term
memory buffer; and designating a respective unique temporal resolution to each of the long-term butters, said
temporal resolution being determined by said predetermined storage interval of the respective temporary memory
buffer.

2. A method according to claim 1, wherein the at least two long-term memory buffers comprise digital memory buffers.

3. A method according to claim 1, wherein the one or more physiologic signals comprise: an electrical signal related
to tissue impedance, a blood pressure sensor signal, an intracardiac pressure signal, a flow sensor signal, a tem-
perature signal, an accelerometer signal, a biochemical sensor signal.

4. A method according to claim 3, further comprising calculating a mathematical derivative, a mathematical integral or
a percentile value of the one or more physiologic signals or the stored parameters.

5. A method according to claim 1, further comprising performing said method based upon at least one of: a manually
triggered event, a periodic event, an aperiodic event, a time of day, an automatically triggered event.

6. A method according to claim 5, wherein said manually triggered event comprises a manually-triggered telemetric
method-initiation signal.

7. A method according to claim 1, wherein each temporal resolution comprises at least a one of: a coarse resolution,
a medium resolution, and a fine resolution.

8. A method according to claim 1, wherein in the event that during performance of the step of writing the statistical
aspect to a long-term memory buffer said memory buffer capacity is exceeded, then over-writing a portion of the
previously-recorded statistical aspect.

9. A method according to claim 8, wherein the portion comprises the least recent portion of previously-recorded statistical
aspect.

10. A method according to claim 1, wherein upon expiration of a predetermined storage interval or upon exceeding
available memory storage of a given long-term storage buffer the following step is performed:

transferring a set of data comprising the statistical aspect or the stored parameter values from a relatively higher
temporal resolution storage medium to a relatively lower temporal resolution storage medium.

11. A method according to claim 1, further comprising:
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storing the parameter values based upon a discrete classification of the stored parameters, the temporal res-
olution of the stored parameters, or the total duration of storage time for said stored parameters.

12. A method according to claim 1, further comprising:

allocating available memory for the stored parameters based at least in part upon the temporal resolution
assigned to each of the stored parameters.

13. A method according to claim 12, wherein the allocating further comprises automatic partitioning of available memory
based upon the number of stored parameters or the temporal resolution of the stored parameters.

14. A method according to claim 1, wherein the temporary memory buffers comprise histogram memory units and
wherein the histogram memory units are assigned a value or range of values of the stored parameters to store.

15. A method according to claim 14, wherein the histogram memory units are assigned at least one of: a discrete
percentile range, a median storage value, an upper percentile value, a lower percentile value, as stored contents
of said memory units.

16. A method according to claim 15, further comprising:

transferring the stored contents of some of the histogram memory units to the long-term memory buffers.

17. An apparatus for storing and processing physiological data in a medical recording device having continuous data
collection and data storage of such data in multiple time-resolved tiers, comprising:

means for sampling one or more physiological signals at a selected sampling rate;
means for deriving physiological parameter values from the one or more sampled signals;
means (204, 214, 224) for storing the parameter values in respective ones of at least two temporary memory
buffers for a respective predetermined storage interval for each temporary memory buffer;
means for determining, for each temporary memory buffer, a respective statistical aspect of the stored parameter
values upon expiration of the respective storage interval; and means for providing for each of the temporary
memory buffers an associated long-term memory buffer;
means for writing the respective statistical aspect of each of the temporary memory buffers to said associated
long-term memory buffer; and means for designating a respective unique temporal resolution to each of the
long-term buffers, said temporal resolution being determined by said predetermined storage interval of the
respective temporary memory buffer.

18. An apparatus according to claim 170, wherein the at least two long-term memory buffers comprise digital memory
buffers.

19. An apparatus according to claim 17, wherein the one or more physiologic signals comprise: an electrical signal
related to tissue impedance, a blood pressure sensor signal, an intracardiac pressure signal, a flow sensor signal,
a temperature signal, an accelerometer signal, a biochemical sensor signal.

20. An apparatus according to claim 19, further comprising:

means for calculating a mathematical derivative, a mathematical integral or a percentile value of the one or
more physiologic signals or the stored parameters.

Patentansprüche

1. Verfahren zum Speichern und Verarbeiten physiologischer Daten in einer medizinischen Aufzeichnungsvorrichtung
mit kontinuierlicher Datensammlung und Datenspeicherung solcher Daten in mehreren zeitlich aufgelösten Ebenen,
das umfasst:

Abtasten eines oder mehrerer physiologischer Signale mit einer ausgewählten Abtastrate;
Ableiten von Werten physiologischer Parameter aus dem einen oder den mehreren abgetasteten Signalen;
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Speichern der Parameterwerte in Entsprechenden von wenigstens zwei temporären Speicherpuffern für ein
jeweiliges vorgegebenes Speicherintervall für jeden temporären Speicherpuffer;
Bestimmen eines jeweiligen statistischen Aspekts der gespeicherten Parameterwerte für jeden temporären
Speicherpuffer bei Ablauf des jeweiligen Speicherintervalls;
Bereitstellen eines zugeordneten langfristigen Speicherpuffers für jeden der temporären Speicherpuffer; und
Schreiben des jeweiligen statistischen Aspekts jedes der temporären Speicherpuffer in den zugeordneten lang-
fristigen Speicherpuffer; und
Angeben einer jeweiligen eindeutigen zeitlichen Auflösung für jeden der langfristigen Puffer, wobei die zeitliche
Auflösung durch das vorgegebene Speicherintervall des jeweiligen temporären Speicherpuffers bestimmt ist.

2. Verfahren nach Anspruch 1, wobei die wenigstens zwei langfristigen Speicherpuffer digitale Speicherpuffer enthal-
ten.

3. Verfahren nach Anspruch 1, wobei das eine oder die mehreren physiologischen Signale enthalten: ein elektrisches
Signal, das mit der Gewebeimpedanz in Beziehung steht, ein Signal eines Blutdrucksensors, ein intrakardiales
Drucksignal, ein Signal eines Durchflusssensors, ein Temperatursignal, ein Signal eines Beschleunigungsmessers
und ein Signal eines biochemischen Sensors.

4. Verfahren nach Anspruch 3, das ferner das Berechnen einer mathematischen Ableitung, eines mathematischen
Integrals oder eines Durchschnittswerts des einen oder der mehreren physiologischen Signale oder der gespei-
cherten Parameter umfasst.

5. Verfahren nach Anspruch 1, das ferner das Ausführen des Verfahrens auf der Grundlage wenigstens eines der
folgenden Ereignisse umfasst: eines manuell ausgelösten Ereignisses, eines periodischen Ereignisses, eines ape-
riodischen Ereignisses, einer Tageszeit und eines automatisch ausgelösten Ereignisses.

6. Verfahren nach Anspruch 5, wobei das manuell ausgelöste Ereignis ein manuell ausgelöstes Signal zum Initiieren
eines Telemetrieverfahrens enthält.

7. Verfahren nach Anspruch 1, wobei jede zeitliche Auflösung wenigstens eine der folgenden Auflösungen enthält:
eine grobe Auflösung, eine mittlere Auflösung und eine feine Auflösung.

8. Verfahren nach Anspruch 1, wobei in dem Fall, in dem während der Ausführung des Schrittes des Schreibens des
statistischen Aspekts in einen langfristigen Speicherpuffer die Speicherpufferkapazität überschritten wird, ein Über-
schreiben eines Teils des früher aufgezeichneten statistischen Aspekts erfolgt.

9. Verfahren nach Anspruch 8, wobei der Teil den ältesten Teil des früher aufgezeichneten statistischen Aspekts enthält.

10. Verfahren nach Anspruch 1, wobei bei Ablauf eines vorgegebenen Speicherintervalls oder bei Überschreiten einer
verfügbaren Speicherbelegung eines gegebenen langfristigen Speicherpuffers der folgende Schritt ausgeführt wird:

Übertragen einer Menge von Daten, die den statistischen Aspekt oder die gespeicherten Parameterwerte ent-
halten, von einem Speichermedium mit relativ höherer zeitlicher Auflösung zu einem Speichermedium mit relativ
geringerer zeitlicher Auflösung.

11. Verfahren nach Anspruch 1, das ferner umfasst:

Speichern der Parameterwerte anhand einer diskreten Klassifizierung der gespeicherten Parameter, der zeit-
lichen Auflösung der gespeicherten Parameter oder der Gesamtdauer der Speicherzeit für die gespeicherten
Parameter.

12. Verfahren nach Anspruch 1, das ferner umfasst:

Zuweisen von verfügbarem Speicher für die gespeicherten Parameter wenigstens teilweise anhand der zeitli-
chen Auflösung, die jedem der gespeicherten Parameter zugewiesen ist.

13. Verfahren nach Anspruch 12, wobei das Zuweisen ferner das automatische Partitionieren von verfügbarem Speicher
anhand der Anzahl gespeicherter Parameter oder der zeitlichen Auflösung der gespeicherten Parameter umfasst.



EP 1 699 525 B1

13

5

10

15

20

25

30

35

40

45

50

55

14. Verfahren nach Anspruch 1, wobei die temporären Speicherpuffer Histogrammspeichereinheiten enthalten und
wobei den Histogrammspeichereinheiten ein Wert oder ein Bereich von Werten der zu speichernden Parameter
zugewiesen ist.

15. Verfahren nach Anspruch 14, wobei den Histogrammspeichereinheiten als gespeicherte Inhalte der Speicherein-
heiten wenigstens eine der folgenden Größen zugewiesen ist: ein diskreter Durchschnittswertbereich, ein Median-
speicherwert, ein oberer Durchschnittswert, ein unterer Durchschnittswert.

16. Verfahren nach Anspruch 15, das ferner umfasst:

Übertragen der gespeicherten Inhalte einiger der Histogrammspeichereinheiten zu den langfristigen Speicher-
puffern.

17. Vorrichtung zum Speichern und Verarbeiten physiologischer Daten in einer medizinischen Aufzeichnungsvorrich-
tung, die eine kontinuierliche Datensammlung und Datenspeicherung solcher Daten in mehreren zeitlich aufgelösten
Ebenen besitzt, mit:

Mitteln zum Abtasten eines oder mehrerer physiologischer Signale mit einer ausgewählten Abtastrate;
Mitteln zum Ableiten von Werten physiologischer Parameter aus dem einen oder den mehreren abgetasteten
Signalen;
Mitteln (204, 214, 224) zum Speichern der Parameterwerte in jeweiligen von wenigstens zwei temporären
Speicherpuffern für ein jeweiliges vorgegebenes Speicherintervall für jeden temporären Speicherpuffer;
Mitteln zum Bestimmen für jeden temporären Speicherpuffer eines jeweiligen statistischen Aspekts der gespei-
cherten Parameterwerte bei Ablauf des jeweiligen Speicherintervalls; und
Mitteln zum Bereitstellen für jeden der temporären Speicherpuffer eines zugeordneten langfristigen Speicher-
puffers;
Mitteln zum Schreiben des jeweiligen statistischen Aspekts jedes der temporären Speicherpuffer in den zuge-
ordneten langfristigen Speicherpuffer; und
Mitteln zum Angeben einer jeweiligen eindeutigen zeitlichen Auflösung für jeden der langfristigen Puffer, wobei
die zeitliche Auflösung durch das vorgegebene Speicherintervall des jeweiligen temporären Speicherpuffers
bestimmt ist.

18. Vorrichtung nach Anspruch 17, wobei die wenigstens zwei langfristigen Speicherpuffer digitale Speicherpuffer ent-
halten.

19. Vorrichtung nach Anspruch 17, wobei das eine oder die mehreren physiologischen Signale enthalten: ein elektrisches
Signal, das mit der Gewebeimpedanz in Beziehung steht, ein Signal eines Blutdrucksensors, ein intrakardiales
Drucksignal, ein Signal eines Durchflusssensors, ein Temperatursignal, ein Signal eines Beschleunigungsmessers
und ein Signal eines biochemischen Sensors.

20. Vorrichtung nach Anspruch 19, ferner mit:

Mitteln zum Berechnen einer mathematischen Ableitung, eines mathematischen Integrals oder eines Durch-
schnittswerts des einen oder der mehreren physiologischen Signale oder der gespeicherten Parameter.

Revendications

1. Procédé pour mémoriser et traiter des données physiologiques dans un dispositif d’enregistrement médical ayant
une collecte de données continue et une mémorisation de données de ces données dans de multiples tiers à
résolution temporelle, comportant les étapes consistant à :

échantillonner un ou plusieurs signaux physiologiques à une fréquence d’échantillonnage sélectionnée ;
obtenir des valeurs de paramètres physiologiques à partir du ou des signaux échantillonnés ;
mémoriser les valeurs de paramètres dans des tampons respectifs parmi au moins deux tampons de mémoire
temporaires pendant un intervalle de mémorisation prédéterminé respectif pour chaque tampon de mémoire
temporaire ;
pour chaque tampon de mémoire temporaire, déterminer un aspect statistique respectif des valeurs de para-
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mètres mémorisées à l’expiration de l’intervalle de mémorisation respectif ; et
fournir, pour chacun des tampons de mémoire temporaires, un tampon de mémoire à long terme associé ;
et écrire l’aspect statistique respectif de chacun des tampons de mémoire temporaires dans ledit tampon de
mémoire à long terme associé ; et
désigner une résolution temporelle unique respective pour chacun des tampons à long terme, ladite résolution
temporelle étant déterminée par ledit intervalle de mémorisation prédéterminé du tampon de mémoire temporaire
respectif.

2. Procédé selon la revendication 1, dans lequel les au moins deux tampons de mémoire à long terme comportent
des tampons de mémoire numériques.

3. Procédé selon la revendication 1, dans lequel le ou les signaux physiologiques comportent : un signal électrique
lié à une impédance de tissu, un signal de capteur de pression sanguine, un signal de pression intracardiaque, un
signal de capteur de débit, un signal de température, un signal d’accéléromètre et un signal de capteur biochimique.

4. Procédé selon la revendication 3, comportant en outre le calcul d’une dérivée mathématique, d’une intégrale ma-
thématique ou d’une valeur de pourcentage du ou des signaux physiologiques ou des paramètres mémorisés.

5. Procédé selon la revendication 1, comportant en outre la mise en oeuvre dudit procédé sur la base d’au moins un
élément parmi : un événement déclenché manuellement, un événement périodique, un événement apériodique,
une heure du jour ou un événement déclenché automatiquement.

6. Procédé selon la revendication 5, dans lequel ledit événement déclenché manuellement comporte un signal de
déclenchement de procédé de télémesure déclenché manuellement.

7. Procédé selon la revendication 1, dans lequel chaque résolution temporelle comporte au moins un élément parmi :

une résolution grossière, une résolution moyenne et une résolution fine.

8. Procédé selon la revendication 1, dans lequel dans l’éventualité où pendant l’exécution de l’étape d’écriture de
l’aspect statistique dans un tampon de mémoire à long terme, ladite capacité de tampon mémoire est dépassée,
alors une partie de l’aspect statistique précédemment enregistré est écrasée.

9. Procédé selon la revendication 8, dans lequel la partie comporte la partie la moins récente de l’aspect statistique
précédemment enregistré.

10. Procédé selon la revendication 1, dans lequel à l’expiration d’un intervalle de mémorisation prédéterminé ou lors
du dépassement du stockage en mémoire disponible d’un tampon de mémorisation à long terme donné, l’étape
suivante est exécutée :

transférer un ensemble de données comportant l’aspect statistique ou les valeurs de paramètres mémorisées
d’un support de mémorisation à résolution temporelle relativement plus élevée, à un support de mémorisation
à résolution temporelle relativement moins élevée.

11. Procédé selon la revendication 1, comportant en outre l’étape consistant à :

mémoriser les valeurs de paramètres sur la base d’une classification discrète des paramètres mémorisés, de
la résolution temporelle des paramètres mémorisés ou de la durée totale du temps de mémorisation pour lesdits
paramètres mémorisés.

12. Procédé selon la revendication 1, comportant en outre l’étape consistant à :

allouer une mémoire disponible pour les paramètres mémorisés sur la base au moins en partie de la résolution
temporelle attribuée à chacun des paramètres mémorisés.

13. Procédé selon la revendication 12, dans lequel l’allocation comporte en outre le partitionnement automatique de la
mémoire disponible sur la base du nombre de paramètres mémorisés ou de la résolution temporelle des paramètres
mémorisés.
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14. Procédé selon la revendication 1, dans lequel les tampons de mémoire temporaires comportent des unités de
mémoire d’histogramme et dans lequel aux unités de mémoire d’histogramme sont attribuées une valeur ou une
plage de valeurs des paramètres mémorisés à mémoriser.

15. Procédé selon la revendication 14, dans lequel aux unités de mémoire d’histogramme sont attribués au moins un
élément parmi : une plage de pourcentages discrets, une valeur de mémorisation médiane, une valeur de pourcen-
tage supérieur, une valeur de pourcentage inférieur, en tant que contenu mémorisé desdites unités de mémoire.

16. Procédé selon la revendication 15, comportant en outre l’étape consistant à :

transférer le contenu mémorisé de certaines des unités de mémoire d’histogramme dans les tampons de mé-
moire à long terme.

17. Appareil pour mémoriser et traiter des données physiologiques dans un dispositif d’enregistrement médical ayant
une collecte de données continue et une mémorisation de données de ces données dans de multiples tiers à
résolution temporelle, comportant :

des moyens pour échantillonner un ou plusieurs signaux physiologiques à une fréquence d’échantillonnage
sélectionnée ;
des moyens pour obtenir des valeurs de paramètres physiologiques à partir du ou des signaux échantillonnés ;
des moyens (204, 214, 224) pour mémoriser les valeurs de paramètres dans des tampons respectifs parmi au
moins deux tampons de mémoire temporaires pendant un intervalle de mémorisation prédéterminé respectif
pour chaque tampon de mémoire temporaire ;
des moyens pour déterminer, pour chaque tampon de mémoire temporaire, un aspect statistique respectif des
valeurs de paramètres mémorisées à l’expiration de l’intervalle de mémorisation respectif ; et
des moyens pour fournir, pour chacun des tampons de mémoire temporaires, un tampon de mémoire à long
terme associé ;
des moyens pour écrire l’aspect statistique respectif de chacun des tampons de mémoire temporaires dans
ledit tampon de mémoire à long terme associé ;
et des moyens pour désigner une résolution temporelle unique respective pour chacun des tampons à long
terme, ladite résolution temporelle étant déterminée par ledit intervalle de mémorisation prédéterminé du tampon
de mémoire temporaire respectif.

18. Appareil selon la revendication 17, dans lequel les au moins deux tampons de mémoire à long terme comportent
des tampons de mémoire numériques.

19. Appareil selon la revendication 17, dans lequel le ou les signaux physiologiques comportent : un signal électrique
lié à une impédance de tissu, un signal de capteur de pression sanguine, un signal de pression intracardiaque, un
signal de capteur de débit, un signal de température, un signal d’accéléromètre et un signal de capteur biochimique.

20. Appareil selon la revendication 19, comportant en outre :

des moyens pour calculer une dérivée mathématique, une intégrale mathématique ou une valeur de pourcentage
du ou des signaux physiologiques ou des paramètres mémorisés.
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