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DATA MANAGEMENT SYSTEM FOR IMPLANTABLE
CARDIAC DEVICE

Field of the Invention

This invention pertains to implantable medical devices, such as cardiac pacemakers
and implantable cardioverter/defibrillators, with data gathering capabilities. In particular,
the invention relates to systems and methods for managing the storage and retrieval of

episodic information gathered during operation of the device.

Background

Implantable medical devices, such as cardiac phcema.kérs and implantable
cardioverter/defibrillators have a limited amount of memory for stqring data associated
with episodes and therapy atteinpts. Previous methods of data storage have used a simple
first-in, first-out rule for storing the data associated with episodes and therapy attempts
with the assumption that there is enough memory so all data of interest can be retrieved
before it is overwritten by newer data. Previous devices have also partitioned the data by
type (electrogram data, interval data, episode and attempt data) where the first-in, first-out
rule is applied individually to each type of data.

Although newer devices have increased the amount of memory available for
storage, the assumption that data not yet retrieved still exists in device memory may still
not hold true in many cases. For example, electrogram data almost always get overwritten
first because a smaller amount of storage is available for electrogram data relative to the
amounts dedicated to interval data and episode data. There are also cases where a patient
has recurring arrhythmias of a certain type which overwrite the data from the infrequent
arrhythmias which are of real interest to the physician. Newer devices.are expanding the
scope of arrhythmias that can be treated and consequently more data is generated for the

newer types of arrhythmias. This leads to a need to manage the data storage such that the
data of most interest is preserved.

Summary of the Invention
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The present invention is a system and method for storing epiéodic data collected by
an implantable medical device. In one embodiment, previously used data storage locations
are freed for overwriting with new data in accordance with a priority protection scheme.
A data storage segmentation scheme may also be used that attempts to maintain a specified
ratio of types stored data if unallocated storage space is unavailable.

In a particular implementation of the invention, collected data associated with an
episode is stored in data storage locations referenced by storage nodes, where an episode
is defined as any detected condition requiring the recordation of data. A linked list of
unallocated storage nodes is maintained so that a storage node from the unallocated list
can be allocated to each episode for which collected data is to be stored. In addition, a
priority type linked list corresponding to each one of a plurality of episode priority types is
also maintained, wherein each priority type linked list comprises storage nodes allocated
to episodes of a particular type linked in an order that corresponds to when the episodes
occurred. When the unallocated list of storage nodes is empty, storage nodes are freed for
allocation to a present episode by freeing the oldest data storage node from one of the
priority type lists, wherein the freed node is taken from a lower priority list in preference
to a higher priority list. In accordance with a data storage segmentation scheme, storage
nodes may be freed from priority type lists and allocated to new episodes in a manner that
attempts to maintain the number of stored episodes of a particular type below a specified
maximum number.

The storage nodes may reference a plurality of locations for storing a plurality of
types of data associated with the episode. In a specific embodiment, data storage locations
may be allocated to therapy attempts associated with an episode, and data collected prior
to onset of the episode may be stored in a location referenced by the data storage node
allocated to the episode. In a further specific embodiment, data collected before and after

the therapy attempt may be stored in locations referenced by the data storage node

allocated to the attempt.

Brief Description of the Drawings

Fig. 1A is a representation of the history management structure.
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Fig. 1B depicts the fields of a single node of the history management structure.

Fig. 2A is a representation of the history storage structure.

Fig. 2B depicts the fields of a history storage node.

Fig. 3 is a flow chart of a particular decision-making process for freeing previously

allocated storage locations.

Detailed Description of the Invention

As aforesaid, the present invention is a method and system for storing episodic data
collected by an implantable medical device. An “episode” may be defined as any
condition detected by the device via its sensing channels that requires the recordation of
data. An episode may be, for example, a clinically significant condition occurring in a
patient for which data recorded immediately prior to, during, and/or after the onset of the
episode constitutes useful information for the treating clinician when ﬁxe data is retrieved
from the device with a programmer or similar telemetry device. Another type of episodic
data is data collected before and after any therapy attempts performed by the device after
detection of the onset of an episode requiring such therapy. For example, in an
implantable cardioverter/defibrillator (ICD), a detected cardiac arthythmia may constitute
an episode, and any cardioversion/defibrillation shocks delivered to the heart in response to
the arrhythmia would constitute therapy attempts associated with the episode. Similarly,
in a pacemaker, a bradycardic or tachycardic arrthythmia could be an episode requiring the
recordation of data, and any pacing therapy delivered in response would be a therapy
attempt associated with the episode.

Data may be collected by an implantable medical device that incorporates the
present invention via sensing channels that sense physiological variables. In a
pacemaker/ICD devide, sensing channels comprise electrodes and amplifiers for sensing
cardiac electrical activity. The sensing channel signals may then be used to derive an
electrogram, which is time referenced recording of cardiac electrical -agfivity from the
location of the electrode.  (Electrograms are thus analogous _ fo the familiar
electrocardiogram or EKG which is obtained from external electroc'ie_s on the body
surface.) Sensing channel signals may also be used to derive interval data_Which is a time

referenced recording of the time intervals between cardiac events such as depolarizations
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and repolarizations occurring in the atria or ventricles. In certain devices, data may be
continually stored in a circular input buffer as it is collected with the oldest data in the
buffer being continually overwritten. Episodic data can be stored by transferring the data
in the input buffer to a more permanent location after onset of an episode (or therapy
attempt) and for a specified time thereafier. The continual storage of data before onset of
the episode (or therapy attempt) also allows pre-episode (or pre-attempt) data to be stored
and associated with the episode (or attempt).

In one specific embodiment, a data storage system in accordance with the invention
comprises a number of interrelated data structures. A history storage structure comprising
an array of nodes (wherein the terms “nodes” and “elements” are synonymous as used
herein) used to reference data storage locations. In order to store data associated with an
episode, a history storage node is allocated to the episode. The history storage node
allocated to a new episode is taken from a linked list of unallocated history storage nodes
if possible (i.e., if the list is not empty), else the node is allocated from a list of previously
allocated history storage nodes. The system further includes a priority type linked list of
previously allocated history storage nodes for each one of a plurality of types of episodes.
Episodes are classified as being one of a plurality of priority types going from lower to
higher, where a higher priority episode would be one regarded as more significant or of
greater interest so it should be preferentially retained in storage. When a history storage
node is allocated to an episode, the node is placed in a priority type linked list in
accordance with the type of episode to which the node has been allocated. The history
storage node may have a data field that indicates whether the node has been allocated to an
episode or is free. The system may also include a priority protection scheme so that when
a previously allocated node must be allocated to a new episode, the oldest node from one
of the priority type lists is freed for allocation to the new episode, with the freed node
taken from a lower priority list in preference to a higher priority list. A data storage
segmentation scheme may be also be employed such that nodes are ﬁee'a from priority
type lists and allocated to new episodes in a manner such that a sp‘eci;fied maximum
number of stored episodes of one particular type will not be exceeded.

A further refinement in the system may be had by including a history management
structure comprising an array of nodes, such that for each history storage node allocated to
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an episode, a history management node is also allocated to the episode and associated with
the allocated history storage node. Each allocated history management node has a storage
link field that points to the history storage node associated therewith. The priority type
linked lists of history storage nodes may then be formed by linking associated history
management nodes, where each allocated history management node has a link field
pointing to an adjacent node in a priority type linked list of history management nodes.
The priority type linked lists may be doubly linked lists with each allocated history
management node having link fields pointing to adjacent nodes in both directions, which
then allows insertions and deletions to be made at arbifrary points within the list without a
list traversal. Another linked list that may be included is a doubly linked list of all
allocated history management nodes, with each allocated node having link fields pointing
to adjacent nodes in both directions in the all allocated node list. The nodes of the priority
type linked lists and the all allocated linked list are linked sequentially in accordance with
when the episodes to which the nodes are allocated occurred. Both the all allocated list
and the priority type lists thus constitute a sequence of episodes for which data has been
collected in the order in which the episodes occurred.

The system may further include a data storage structure comprising an array of
nodes, where for each history storage and history management node allocated to an
episode, a data storage node is also allocated to the episode and associated with the
allocated history storage and history management node. Each allocated history storage
node has a link field pointing to an associated data storage node, and each data storage
node references a data storage block in which episodic data is actually stored. Episodic
data may be stored in a plurality of data storage blocks referenced by a linked list of data
storage nodes allocated to the episode with each allocated data storage node having a link
field for pointing to an adjacent data storage node in the linked list.

The history management structure may be further modified.to include nodes
designated as list heads for the unallocated linked list, the all allocated iinlgd list, and the
priority type linked lists. In order to facilitate additions and deletions to alt the lists, they
may be made doubly linked with each history management node designated as a list head
having link fields for pointing to adjacent nodes in both directions. (A “list head” is a
special identifiable node in a circularly linked list.)
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The system may also allow for the recordation of data related to therapy attempts
delivered by the device. Episodic data collected before and afier a therapy attempt
associated with an episode may be stored in a plurality of data storage blocks referenced
by a linked list of data storage nodes allocated to storing data collected before and after the
attempt. In order to link attempt data to the episode with which the data is associated, a
history storage node allocated to an episode has a link field that may reference a history
storage node allocated to a therapy attempt associated with the episode. A history storage
node allocated to an attempt has a data field in which is stored a value indicating that the
node is allocated to an attempt, a link field that references a data storage node allocated to
storing data collected before the therapy attempt, and a link field that references a data
storage node allocated to storing data collected after the therapy attempt. The history
storage node allocated to an attempt further has a link field that may reference history
storage nodes allocated to any subsequent attempts. '

A history storage node may be allocated to a new therapy attempt associated with
an episode from the list of unallocated history storage nodes unless the unaliocated list is
empty, in which case the oldest node from one of the priority type lists is freed and added
to the unallocated list for allocation to the new episode. The freed node is taken from 2
lower priority list in preference to a higher priority list in order to provide priority
protection. In order to provide data storage segmentation, nodes are freed from priority
type lists and allocated to new episodes in a manner such that a specified maximum
number of stored episodes of one particular type will not be exceeded. Priority protection
and data storage segmentation may also be combined. Data storage nodes (and the data
storage blocks to which they refer) may be allocated in a similar manner.

As described above, the system allocates history storage nodes and history
management nodes by freeing the nodes from one of the priority lists when the unallocated
list is empty. When a history storage nodé allocated to an episode is. freed, the history
management node allocated to the episode, all history storage nodes illog'ated to therapy
attempts associated with the episode, and all data storage nodes and blocké"allocated to the
episode or associated attempts are also freed.

The following description is of a particular embodiment of the invention as

implemented. in an implantable cardiac device having the capability of collecting data by
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sensing cardiac intervals and electrograms, and further having the capability o'f delivering
electrical therapy to the heart. The data storage system to be described is implemented in
software in a microprocessor-based device and stores data associated with specific
detected episodes. Episodes may be defined as a defined set of collected data that
corresponds to a type of cardiac arrhythmia that either requires delivery of electrical
therapy or is clinically significant enough to require recording of the data.

The system uses a priority protection scheme that preserves episode data with
certain types of arrhythmias. Episodes are classified high or low priority based on pre-
defined criteria. High priority episodes are only overwritten if all space available for
storing data is occupied by previous high priority episodes. The system also employs a
data storage segmentation scheme that allows storage of both atrial tachyarrhythmia
response (ATR) and ventricular tachyarrhythmia response (VTR) ebisode detail, interval
data, and electrogram data in memory, while restricting the amount of space given to each
type within a programmable limit. The storage segmentation can be reprogrammed at any
time without losing any stored data. When the storage segmentation is changed, new
episode data of one type will overwrite episode data of the other type until the proper data
storage segmentation is once again established.

Three types of history data are maintained: episode and attempt data, interval data,
and electrogram data. Episode and attempt data are maintained in the history storage
structure. Interval data is maintained in the interval data storage structure, and electrogram
data is maintained in the electrogram data storage structure. A fourth structure, the history
management structure 10 is shown in Fig. 1A, and is used to track the chronological order
of the episodes. This structure tracks the order of all episodes stored in memory, as well
as the order of the individual classifications of episodes (ATR; VTR high priority, and
VTR low priority). The history management structure is the starting point for accessing
history data.

The history management structure is a constant sized array of Elejilents or nodes
used to keep track of all episodes stored in memory. Each element LOG“.is itself a data
structure containing five indices as shown in Fig. 2B:

1) the history storage location index 101, which is an index into the history storage
structure described below and points to the history storage node allocated to the episode;
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2) the newer episode index 102 in the list of all episodes (i.é., the all allocated list
of nodes);

3) the older episode index 103 in the list of all episodes;

4) the newer episode index 104 in the list of all episodes of the same classification
(i.e., the priority type list to which the node has been assigned); and,

5) the older episode index 105 in the list of all episodes of the same classification.
(The terms index, pointer, link, or reference as used herein denotes a mechanism for
accessing a specific memory location.)

Episodes and attempts are stored in the history storage structure 20 represented in
Fig. 2A. Each node 200 of the history storage structure is made up of two components,
the data field 201 and the link fields 202. Fig. 2B depicts the components of a history
storage node. The data component 201 of the history storage element identifies how the
element is allocated and can either contain episode data, attempt data, or no data if the
node is free. If the data is episode data, it can be a ventricular tachyarrhythmia response
episode or an atrial tachyarrhythmia response episode. The link fields 202 of the node
vary according to whether the node is allocated to an episode, an attempt or is free as
indicated by the type of data currently in the data field 201. If the data field of the node
contains episode data, the link fields contain the index of the first attempt node in the
episode (i.e., the first history storage node allocated to a therapy attempt associated with
the episode), the index of the first'segment of interval data for the episode, and the index
of the first segment of electrogram data for the onset electrogram strip. If the data field of
the node contains attempt data, the link fields contain the index of the next attempt node in
the episode, the index of the first segment of pre-attempt electrogram data for the attempt,
and the index of the first segment of post-attempt electrogram data for the attempt. If the
history storage node is free, the link field contains the index of the next free history storage
node in a linked list of all free history storage nodes.

Interval data is segmented into constant sized data storage blocks. Multiple blocks
are linked together to store the interval data for a single episode. These blocks are
referenced by an index that identifies the location of the data storage blc;c!c in memory and
also identifies a corresponding node of an interval data storage structure. m’i’he sequence of

the stored interval data is maintained within the data storage structure as a linked list of
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data storage nodes, where each node of the data storage structure has a litk field that
points to the corresponding data storage node of the next interval data storage block in the
storage sequence.

Electrogram data is also segmented into constant sized data storage blocks.
Multiple blocks are linked together to store the electrogram data for a single electrogram
strip. These blocks are referenced by an index that identifies the location of the data
storage block in memory and also identifies a corresponding node of an electrogram data
storage structure. The sequence of the stored electrogram data is maintained within the
data storage structure as a linked list of data storage nodes, where each node of the data
storage structure has a link field that points to the corresponding data storage node of the
next electrogram data storage block in the storage sequence.

At initialization, the history management nodes are placed in a doubly linked list.
There are five reserved nodes in the history management structure that serve as list heads
for five doubly linked lists of history management nodes. The first node is the unallocated
list head which is used to access a linked list of those history management nodes that are
not currently being used to track episode data. Initially, all nodes in the structure are
linked to the unallocated list head. The second reserved node is the all allocated list head.
The all allocated list head maintains the linked list of all episodes currently stored in
memory, in the order in which they occurred. The other three reserved nodes are list
heads used to track ATR episodes, VIR high priority episodes, and VTR low priority
episodes. Each of these individual linked lists contains the episodes of that classification
in the order which they occurred. Every stored episode is accounted for in one of these
three lists, and in the all allocated list.

The unallocated history storage nodes are initially placed in a singly linked list,
with the first free node pointed to by a storage node free pointer. Similarly, the
unallocated interval data storage nodes are placed in a singly linked list pointed to by the
interval data storage free pointer, and the electrogram data storage nodesare placed in a
singly linked list pointed to by the electrogram data storage free pointer._

When an episode occurs, a new history storage node must be alléc_ated. If there is
a history storage node in the unallocated list, that node is used for the ne\;"episode. Ina

similar fashion, a history management node is taken from the unallocated list as pointed to
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by the unallocated list head node. The system is designed such that.the‘numbér of history
storage nodes in use is always greater than or equal to the number of history management
nodes in use. This is because the history storage structure contains nodes allocated to both
episodes and attempts, while the history management structure contains only nodes
allocated to episodes. Any therapy attempts recorded during a VTR episode also requires
the use of a history storage node. A free history storage node for an attempt is obtained
using the same logic as was used to obtain a history storage node for the episode.

Fig. 3 shows the decision-making process used to determine which history storage
node is used for a new episode. At step 51, the unallocated list is checked and if a node is
available, it is allocated to the episode at step 59. If no unallocated node exists, step 52
determines whether the number of ATR episodes is greater than the maximum allowed by
the specified ATR/VTR zone split (i.e., the specified maximum number of stored ATR
episodes and stored VTR episodes in accordance with the data segmentation scheme). If
the specified zone split is already exceeded, it means that there are more stored ATR
episodes than are allowed by the specified ATR/VIR zone split, which can happen if the
specified split is changed or if the number of ATR episodes crosses the ATR/VTR split
boundary before the unallocated list is empty. In that case, the node allocated to the oldest
ATR episode is freed at step 54 and allocated to the new episode at step 59. The index of
the oldest ATR episode is found in the ATR list head of the history management structure.

If the ATR/VTR zone split is at the specified value or there are more VTR
episodes stored than are allowed by the specified zone split, it is next determined whether
the new episode is an ATR episode at step 53. If the answer is yes, step 56 determines if
the number of stored ATR episodes is equal to the specified allowable maximum (which
means that the mix of stored episodes complies with the specified zone split), and if so the
oldest ATR episode is replaced with the new ATR episode at steps 54 and 59. If the
answer at step 56 is no, there are more VTR episodes in memory than are allowed by the
specified zone split, and a VTR episode must be freed. A VTR episode is-also freed if it
is determined at step 53 that the new episode is a VTR episode.

Before freeing a VTR episode, step 55 determines whether ﬁe{é are any low
priority VTR episodes in storage. If so, the oldest VTR episode is freed .at step 58, with
the index of the oldest low priority VTR episode being found in the low priority VTR list

10
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head of the history management structure. Step 59, as before, then allocates the newly
freed node to new episode. If there are no low priority VTR episodes in storage, the
oldest high priority VTR episode is freed at step 57, with the index of the oldest high
priority episode being found in the high priority VTR list head of the history management
structure, and allocated to the new episode at step 59.

When an episode history storage node is freed, the associated history management
structure node allocated to the same episode is also freed, as well as all attempt history
storage nodes, interval data storage blocks, and electrogram data storage blocks associated
with that episode. If an attempt history storage node is freed, all electrogram data storage
blocks associated with the attempt are also freed.

Obtaining free interval data storage blocks and electrogram data storage blocks
employs the same logic as obtaining free history storage nodes. When an interval data
storage block is freed, all interval data storage blocks associated with an episode are freed.
When an electrogram data storage block is freed, all electrogram data storage blocks
associated with an electrogram strip are freed.

Once episode data has been retrieved from the device, it is no longer necessary to
have the data protected. Therefore, the system preferably provides a method of
unprotecting data on command from a telemetry device so that all high priority VIR
episodes can placed in the low priority VTR episode list. The chronological order of the
episodes is maintained when the data is moved.

11
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What is claimed is:

1. A system for storing episodic data collected by an implantable medical
device, comprising;:

a history storage structure comprising an array of nodes and wherein data
associated with an episode is stored by allocating a history storage node to the
episode;

a linked list of unallocated history storage nodes;

a priority type linked list of history storage nodes for each one of a
plurality of types of episodes, wherein episodes are classified as being one of a
plurality of priority types going from lower to higher; and,

wherein a history storage node is allocated to a new episode from the list
of unallocated history storage nodes unless the unallocated list is empty, in
which case the oldest node from one of the priority type lists is freed for

allocation to the new episode.

2. The system of claim 1 wherein history storage nodes are freed from
priority type lists and allocated to new episodes according to priority unless a
specified maximum number of stored episodes of one particular type would be

exceeded by the allocation.

3. The system of claim 1 wherein history storage nodes are freed from
lower priority type lists in preference to higher priority type lists in order to

allocate a previously allocated node to a new episode.

4, The system of claim 1 further comprising:

a history management structure comprising an array of nodes, wherein
for each history storage node allocated to an episode, a history management node
is also allocated to the episode and associated with the allocated history storage
node;

wherein each allocated history management node has a storage link field

that points to the history storage node associated therewith; and,

12
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wherein the priority type linked lists of history storage nodes are formed
by linking associated history management nodes with each allocated history
management node having a link field pointing to an adjacent node in a priority

type linked list of history management nodes.

5. The system of claim 4 wherein the priority type linked lists are doubly
linked lists with each allocated history management node having link fields

pointing to adjacent nodes in both directions.

10 6. The system of claim 5 further comprising a doubly linked list of all
allocated history management nodes with each allocated node having link fields

pointing to adjacent nodes in both directions in the all allocated node list.

7. The system of claim 6 wherein the nodes of the priority type linked lists
15 and the all allocated linked list are linked sequentially in accordance with when

the episodes to which the nodes are allocated occurred.

8. The system of claim 7 further comprising:
a data storage structure comprising an array of nodes, wherein for each
20  history storage and history management node allocated to an episode, a data
storage node is also allocated to the episode and associated with the allocated
history storage and history management node;
wherein each allocated history storage node has a link field pointing to an
associated daté storage node; and,
25 wherein each data storage node references a data storage block in which

episodic data is stored.

9. The system of claim 8 wherein episodic data may be stored in a plurality
of data storage blocks referenced by a linked list of data storage nodes allocated
30 to the episode with each allocated data storage node having a link field for

pointing to an adjacent data storage node in the linked list.

13
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10. The system of claim 9 wherein the history management structure
comprises nodes designated as list heads for the unallocated linked list, the all

allocated linked list, and the priority type linked lists.

11.  The system of claim 10 wherein each history management node
designated as a list head has link fields for pointing to adjacent nodes in both

directions.

12.  The system of claim 11:

wherein episodic data collected before and after a therapy attempt
associated with an episode may be stored in a plurality of data storage blocks
referenced by a linked list of data storage nodes allocated to storing data
collected before and after the attempt;

wherein a history storage node allocated to an episode has a link field
that may reference a history storage node allocated to a therapy attempt
associated with the episode; and,

wherein a history storage node allocated to an attempt has a data field in
which is stored a value indicating that the node is allocated to an attempt, a link
field that references a data storage node allocated to storing data collected before
the therapy attempt, and a link field that references a data storage node allocated

to storing data collected after the therapy attempt.

13. The system of claim 12 wherein a history storage node allocated to an
attempt has a link field that references history storage nodes allocated to any

subsequent attempts.

14, The system of claim 1 wherein cardiac electrogram data collected prior to
onset of an episode is stored in one or more data storage blocks referenced by a

history storage node allocated to the episode.

15.  The system of claim 1 wherein cardiac interval data and electrogram data
collected after onset of an episode is stored in one or more data storage blocks

referenced by a history storage node allocated to the episode.
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16.  The system of claim 1 wherein cardiac electrogram data collected after
onset of an episode is stored in one or more data storage blocks referenced by a

history storage node allocated to the episode.

17.  The system of claim 11 wherein cardiac electrogram data collected before
and after a therapy attempt associated with an episode is stored in one or more

data storage blocks referenced by a history storage node allocated to the episode.

18.  The system of claim 11 wherein the priority types of episodes stored
include an atrial tachyarrhythmia response, a low priority ventricular
tachyarrhythmia response, and a high priority ventricular tachyarrhythmia

response.

19.  The system of claim 11 wherein when a history storage node allocated to
an episode is freed, the history management node allocated to the episode, all
history storage nodes allocated to therapy attempts associated with the episode,
and all data storage nodes and blocks allocated to the episode or associated

attempts are also freed.

20.  The system of claim 11 wherein a history storage node is allocated to a
new therapy attempt associated with an episode from the list of unallocated
history storage nodes unless the unallocated list is empty, in which case the
oldest node from one of the priority type lists is freed and added to the
unallocated lisf for allocation to the new episode, and wherein the freed node is
taken from a lower priority list in preference to a higher priority list unless a
specified maximum number of stored episodes of one particular type would then

be exceeded.

21.  The system of claim 11 wherein a data storage node and the data storage
block referenced thereby are allocated to a present episode from the list of
unallocated data storage nodes unless the unallocated list is empty, in which case
a data storage node allocated to the oldest episode in one of the priority type lists

is freed and added to the unallocated list for allocation to the present episode,
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and wherein the oldest episode is taken from a lower priority list in preference to

a higher priority list.

22. A method for storing episodic data collected by an implantable medical
device, comprising:

maintaining a linked list of unallocated data storage nodes, wherein each
data storage node references a location for storing collected data;

allocating a data storage node from the unallocated list to each episode
for which collected data is to be stored;

maintaining a priority type linked list corresponding to each one of a
plurality of episode priority types, wherein each priority type linked list
comprises data storage nodes allocated to episodes of a particular type linked in
an order that corresponds to when the episodes occurred; and,

freeing previously allocated data storage nodes for allocation to a present
episode when the unallocated list is empty by freeing the oldest data storage

node from one of the priority type lists.

23.  The method of claim 22 wherein data storage nodes are freed from
priority type lists according to priority unless a specified maximum number of

stored episodes of one particular type would then be exceeded.

24.  The method of claim 22 wherein the freed previously allocated node for

is taken from a lower priority list in preference to a higher priority list.

25.  The method of claim 24 further comprising allocating a data storage

block to a therapy attempt associated with an episode.

26.  The method of claim 25 further comprising storing data collected prior to

onset of the episode in a location referenced by the data storage node allocated to

the episode.
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27.  The method of claim 25 further comprising storing data collected before
and after the therapy attempt in locations referenced by the data storage node

allocated to the attempt.

5 28. A processor-readable storage medium having processor-executable

instructions for performing the method recited in claim 22.

17



WO 01/14000

00 o0 oo
Nl TR High Priatty Nodo
0o | co
01 o1 | co
Mot YT Low Priority Nodo
o1 | o
03 02 | oo
ATR Node
Null <
o2 | co
03 |0
Nutl < Froe Nodo
00
04 00 |04 All Node
Null <
00§04
05 oo | oo
o8
oo {oc
09 oAl
co {op
r~10
07 0o {oA
O0E
o3 |a3
o3 |o7
003
o |oe
04 04|04
bo2
a7 | o8
P
oxi5
a2 o2
o8 0o | 0o
Nul
oo |op
o 00 | 00
Null
00 |oE

1/3

PCT/US00/22672

[Naw] Hee |~ (OZ

03



WO 01/14000

001 axog

0x02 0x0D

03 N

004 ox0s x ¢—Fee Pt
0x09 x>

008 ox0a

07 ox08

008 N

004 .00 xx

04 0B

OB N

04 oxor x

008 Nun

GOH Ny I~ 2.0

00f  oxt0 - XX

od gas o

sl

oxid N

013 oxie xx

2V E— -

o1y N

oxid o7 o

17 ox1p XX

ol oz

oxqd oas -~

"] p—

[ o

2 /3

PCT/US00/22672
P | pez | Pa [ Omm
T % =
ad2 7ot 202 291

Fig. 2B



WO 01/14000 PCT/US00/22672

Is a free nod
av:ilabler; ) yes - | Obtain a node form
51 _—— the unallocated list.

59

| no

Is the number of stored ATR episodes
greater than the maximum allowed by
the ATR/VTR zone split?

52

no
Is the new
episode an
ATR episode?
33 Is the numbser of stored
ATR episodes equal to
yes the maximum allowed
by F.he ATR/VIR zone Free the oldest ATR
split? yes episode.
56 . 54
no
no
Are there any low
priority VIR Free the oldest
episodes ‘s“s‘w“g‘e » | low priority VIR
= episode.
yes 58
no
v
Free the oldest =
hig prieo:ity Obtain a node from the
VTR episode. » funallocated list.
37 59
FIG. 3

3/3



INTERNATIONAL SEARCH REPORT

Internz. al Application No

PCT/US 00/22672

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 A61IN1/37 GO6F19/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A61N GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fieids searched

Electronic data base consuited during the internationatl search (name of data base and, where practical,

EPO-Internal

search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 513 645 A (KROISS DANIEL ET AL) 1,14-16,
7 May 1996 (1996-05-07) 22,28
the whole document
Y 2-13,
17-21,
23-27
X EP 0 832 600 A (MEDTRONIC INC) 1,14-16,
1 April 1998 (1998-04-01) 22,28
the whole document
Y 2-13,
17-21,
23-27
A US 4 583 553 A (CLESIUS JEFFREY J ET AL) 1-28
22 April 1986 (1986-04-22)
column 26, line 56 ~column 27, line 55;
figures
- / —
Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

"E" earlier document but published on or after the internationat

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another

"T* later document published after the international filing date

An - - or priority date and not in conflict with the application but
A* document defining the general state of the art which is not citgd to“L}JInderstand the principle or theory u%%erlying the
considered to be of particular relevance invention

fiing dat *X" document of particular relevance; the claimed invention
lling date cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Allen, E

r : o *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed '&* document member of the same patent family
Date of the actual compietion of the international search Date of mailing of the international search report
27 November 2000 04/12/2000
Name and mailing address of the ISA Authorized officer

Form PCT/ISA/210 (second sheet) (July 1982)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Interna  al Application No

PCT/US 00/22672

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A US 5 908 392 A (SLOMAN LAURENCE S ET AL)
1 June 1999 (1999-06-01)
column 7-17; figures

A US 5 007 431 A (DONEHOO III ROBERT F)
16 April 1991 (1991-04-16)

the whole document

A US 4 945 477 A (EDWARDS D CRAIG)

31 July 1990 (1990-07-31)

cotumn 4, Tine 19 —column 5, line 13;
figures 1-3A,4

1-28

1-28

1-28

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internz

.al Application No

PCT/US 00/22672

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5513645 A 07-05-1996 FR 2712501 A 24-05-1995
EP 0653226 A 17-05-1995

EP 0832600 A 01-04-1998 us 5944745 A 31-08-1999
AU 701318 B 28-01-1999
AU 3917797 A 02-04-1998
CA 2216330 A 25-03-1998
JP 10099454 A 21-04-1998

US 4583553 A 22-04-1986 NONE

US 5908392 A 01-06-1999 NONE

US 5007431 A 16-04-1991 NONE

US 4945477 A 31-07-1990 NONE

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

