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(57) ABSTRACT

A computer-implemented method of recording the times of
events related to the medical care delivered to patient, and for
integrating those times to provide a patient history, including
recording a first time of occurrence of a first event, recording
first clock information characterizing a first time source from
which the first time of occurrence was obtained, recording a
second time of occurrence of a second event, recording sec-
ond clock information characterizing a second time source
from which the second time of occurrence was obtained,
wherein the first time source and the second time source are
independent of one another and not synchronized with one
another, transferring recorded data so that the first time of
occurrence, first clock information, second time of occutr-
rence, and second clock information are accessible at a com-
puter; and producing a patient history using at least the first
and second times of occurrence.

7 Claims, 5 Drawing Sheets
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TIME COORDINATION AND
SYNCHRONIZATION OF EVENT TIMES IN
ELECTRONIC MEDICAL RECORDS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 60/512,883, filed on Oct. 20, 2003.

TECHNICAL FIELD

This invention relates to recording and later synchronizing
event times recorded on medical devices.

BACKGROUND

Emergency medical care delivered to a patient occurs pri-
marily in one of two settings: in hospitals by nurses and
physicians, and in the field by trained emergency service
providers, typically in the form of police officers, emergency
medical technicians (EMTs), fire departments, paramedics or
physicians in some cases. In the best medical systems, pro-
grams are put into place to assess current levels of care and to
provide continuous quality-of-care improvements. Common
measures of system effectiveness are endpoints such as sur-
vival, in the case of cardiac arrest, or improvement in health,
in the case of non-terminal events. Additional interim mea-
sures are also important, however in determining areas for
improvement in care; these data include response time and
protocol adherence. While electronic patient charting soft-
ware is now available, it is not uncommon to still see paper
run reports being generated by emergency health care provid-
ers to record a patient’s relevant personal information as well
as the specifics of the vital signs of the patient and treatments
delivered to the patient. The so-called run report or patient
chart (RRPC) can subsequently be used by medical supervi-
sory persons such as the Medical Director to determine sta-
tistical summaries of medical care performance. A common
reporting format for care and outcomes, particularly in the
pre-hospital setting, is the Utstein Style format as promul-
gated by the American Heart Association and other organiza-
tions. It is often the case that computers are used to enter data
from paper run reports, the subsequent digital data then being
processed to determine the aforementioned outcome and
quality of care statistics as well as paper and electronic
reports.

Data important to the determination of system effective-
ness within the context, for instance, of treatment of cardiac
arrest are critical time durations such as: time from 911 emer-
gency phone call to arrival of the ambulance at the scene, time
duration of transport from the scene to the hospital, time from
arrival at the scene to delivery of the various medical thera-
pies. The calculation of these durations involves multiple
clock sources resident in the various diagnostic and therapeu-
tic medical devices, the portable computer-based RRPC
devices and the hospital and medical center-based base sta-
tion computers.

Prior art has recognized the need for synchronization of
more than one record stream to produce one integrated treat-
ment history. E.g., U.S. Pat. Nos. 5,778,882, 6,095,985 and
6,282,441 provide for time-correlated medical event data on
a personal digital assistant (PDA). Synchronization is per-
formed based on time stamps for each record generated in the
particular device; as a result, synchronization depends on how
well the different clocks on the different devices are synchro-
nized. U.S. Pat. Nos. 5,549,115 and 5,785,043 achieve an
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2

improvement in synchronization accuracy by storing the
time-stamped event data in a removable memory device that
has a built-in clock where the event times are correlated to the
medical device clock time and the correlation is stored onto
the memory device. When the data is downloaded from the
memory device by an instrument such as a PDA or computer,
the clock time as well as the correlation value are retrieved
and when compared with the current time of the PDA clock,
the record streams can be synchronized. U.S. Pat. No. 5,951,
485 is very similar to U.S. Pat. No. 5,778,882 with the excep-
tion that it provides for more accurate time synchronization
by communicating the current time ofthe device on which the
datais stored to the PDA, which then determines a differential
time discrepancy. The calculated time differential is used to
more accurately correlate the events of the two devices.

SUMMARY

In general the invention features a computer-implemented
method of recording the times of events related to the medical
care delivered to patient, and for integrating those times to
provide a patient history. The method comprises recording a
first time of occurrence of a first event, recording first clock
information characterizing a first time source from which the
first time of occurrence was obtained, recording a second time
of occurrence of a second event, recording second clock
information characterizing a second time source from which
the second time of occurrence was obtained, wherein the first
time source and the second time source are independent of
one another and not synchronized with one another, transfer-
ring recorded data so that the first time of occurrence, first
clock information, second time of occurrence, and second
clock information are accessible at a computer; and produc-
ing a patient history using at least the first and second times of
occurrernce.

Preferred implementations of the invention may incorpo-
rate one or more of the following: The first time of occurrence
and first clock information may be recorded on a first device,
and wherein the second time of occurrence and second clock
information may be recorded on a second device, which is
different from the first device. The method may further com-
prise selecting one of the first and second time sources as a
reference time source, synchronizing the first and second
times of occurrence to the reference time source, and produc-
ing a patient history in which times of occurrence of events
are expressed relative to the reference time source. The
method may further comprise revising the selection of the
reference time source to select a different one of the first and
second time sources as a revised reference time source, and
producing a revised patient history in which times of occur-
rence of events are expressed relative to the revised reference
time source. Further events may be recorded, and for each
event there may be recorded a time of occurrence and clock
information characterizing the time source from which the
time of occurrence was obtained. The information character-
izing the time source may comprise the identity of the time
source. There may be a plurality of known time sources. The
information characterizing the time source may comprise
information characterizing the quality of the time source. The
information characterizing the time source may comprises
information regarding the length of time since the time source
was last synchronized with an accurate reference clock. The
information characterizing the time source may comprise
information regarding the drift of the time source. The drift
may be calculated by measuring the time error relative to an
accurate reference clock after an extended period of time. The
patient history may comprise an integrated electronic patient
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record. The first device may be a defibrillator, a personal
digital assistant, a Tablet PC, a laptop computer, a physiologi-
cal monitoring device, or similar device, and the second
device may be a different defibrillator, personal digital assis-
tance, Tablet PC, laptop computer or physiological monitot-
ing device. The transferring of recorded data may comprise
transferring a file from the first device to another device over
a network.

In preferred implementations, all or part of the absolute
time information is maintained subsequent to the integration
of more than one record. This permits time aligning of the
records to be varied during the review process following the
event.

This invention can be used in any system that records
information relevant to a medical procedure from multiple
independent sources such as medical devices (physiological
monitoring, defibrillators, etc.), portable electronic devices
such as a personal digital assistant (PDA), Tablet PC, laptop
or other such device that is used to record electronically
treatments delivered to a patient as well as actual protocols
followed during a medical procedure and medical events and
data arising from the medical or physiological condition of
the patient.

Among the many advantages of the invention (some of
which may be achieved only in some of'its various aspects and
implementations) are that the invention can achieve synchro-
nization accuracy without a master clock, and without requir-
ing that a memory device and clock communicate directly
with the device to which the data is to be downloaded. Accu-
rate synchronization of multiple electronic records can be
achieved even when one or more of the records is transferred
as a file by such means as electronic mail (email) via a dis-
tributed environment like the Internet.

With the invention, information flow need not be unidirec-
tional, i.e., it need not flow from the individual devices up to
some centralized data management and viewing location,
typically a computer with specialized software in a medical
director’s office or in the emergency system’s central dis-
patch location. Unidirectional data flow has limited the ability
of personnel to access and derive the benefits from the infor-
mation in the integrated electronic record. With the invention
there can be multidirectional information flow, enabling mul-
tiple users in locations remote from central dispatch to recre-
ate an accurate sequence of events.

The invention overcomes limitations of the prior art with
regard to synchronizing multiple electronic records in a dis-
tributed environment. Information characterizing the time
source from which a time of occurrence is obtained is stored
along with the event data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isablock diagram of a system with a defibrillator, an
RRPC, a dispatch system and other participating devices.

FIG. 2 isa table providing the data structure of the database
of the integrated electronic patient record of one implemen-
tation of the invention.

FIG. 3 is a table providing the data structure of an indi-
vidual device record within the time base quality information
record.

FIG. 4 is a representation of a sparsely-filled, 4x4 A-ma-
trix.

FIG. 5 is an IEPR for a hospital cardiac arrest incident.

DETAILED DESCRIPTION

There are a great many possible implementations of the
invention, too many to describe herein. Some possible imple-
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4

mentations that are presently preferred are described below. Tt
cannot be emphasized too strongly, however, that these are
descriptions of implementations of the invention, and not
descriptions of the invention, which is not limited to the
detailed implementations described in this section but is
described in broader terms in the claims.

The descriptions below are more than sufficient for one
skilled in the art to construct the disclosed implementations.
Unless otherwise mentioned, the processes and manufactur-
ing methods referred to are ones known by those working in
the art.

Referring to FIG. 1, the diagram visually describes what
might be encountered in the pre-hospital environment during
a cardiac arrest. A similar diagram can be presented for the
cardiac arrest in the hospital environment or other specific
medical event. In the case of the pre-hospital cardiac arrest,
when a bystander witnesses a cardiac arrest, they will call
911. A computer aided dispatch system (CAD) 2 receives the
call and dispatches an appropriate emergency crew to the
scene. Referring to FIG. 2, the Call Time, Dispatch Time, and
Time on Scene are recorded in the CAD 2 database. A para-
medic crew will sometimes have a second rescuer whose
responsibility is to log specific events into the PDA. In the
preferred embodiment, RRPC software is used (manufac-
tured by ZOLL Data Systems of Boulder, Colo. called Res-
cueNet Code Review. Software may also be available for use
on a laptop computer 6, similar in functionality to the Rescue
Net Code Review). When the ambulance arrives on scene, a
paramedic will record on the PDA 5 the Time on Scene and
subsequent times such as Defib Turn On. The patient 11 is
treated by the paramedic with the defibrillator 1, which
records a variety of digital information in non-volatile
memory, often in the form of removable datacards. During the
course of the treatment of the patient, the patient may be
monitored by a physiological monitor 7. Physiological read-
ings are recorded on the monitor 7 preferably in fixed or
removable non-volatile memory.

Through the use of Bluetooth technology, it is now possible
to sense physical proximity to other devices. Preferably, the
defibrillator 1, PDA 5, and monitor 7 all incorporate Blue-
tooth wireless technology. The software in those devices can
then automatically detect the presence of the other devices,
identify themselves to each of the devices and share the cur-
rent time with each other. This can be accomplished using
Bluetooth “discovery” features defined by the Bluetooth spe-
cial interest group standards.

Referring to FIG. 3, in some implementations of the inven-
tion, the clock information for each of the clocks character-
izing the time source may identify the time source as one of a
list of system-wide reference clocks, as shown in FIG. 3 with
the Clock_ID field equal to 6 or 8. The clock information may
also include means for specifying the particular reference
clock used as the time base source. Clock information may
also describe which device the time base was used for; for
instance, the information might include device type such as a
defibrillator, device manufacturer, e.g. ZOLL, serial number,
and model number. The clock information may be in the form
of codes or extended markup language (XML).

The clock information may include time base quality infor-
mation (TBQI) that includes information regarding the length
oftime since the local clock was last synchronized with one of
the reference clocks (Last_Synchronization in FIG. 3). TBQI
may include information regarding the drift of the local clock
(Drift in FIG. 3) as calculated by initially synchronizing the
local clock to a reference clock then measuring the time error
relative to a reference clock after an extended period of time
such as a month.
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Tt is not necessary that there be a master clock that acts as
the absolute time reference. Time correlation of the multiple
electronic records is an extended process with all time bases
and their associated electronic record event sequences
allowed to coexist and be displayed to the user. In some
implementations, at least some portion of the structure of
each multiple electronic record (MEP) is preserved in the
integrated electronic patient record (IEPR) composed of
those individual electronic records. As part of the process of
viewing the [EPR, the individual events from each of the
MEPs can be sorted and displayed to the user based on the
time base information.

In other implementations, the particular source and quality
of the time base determines which of the time bases will act as
the reference clock. For instance, a defibrillator 1 in use in the
field, such as the M-Series manufactured by ZOLL Medical
Chelmsford, may have a built-in global positioning system
(GPS) receiver providing the device with millisecond-level
timing accuracy while the clock on the computer aided dis-
patch (CAD) system 2 or the medical director’s computer 4
have been unable to synchronize with an Internet-based
atomic clock 3 for an extended period of time and the normal
drift of the computer clocks have introduced more error into
these centralized ‘master’ clocks than is found on the field
defibrillator. In such a case, the GPS-based time base would
be used as the reference clock. The defibrillator, itself, may be
able to provide better relative times related to the exact timing
of a defibrillator shock than the PDA 5 or CAD 2 system;
therefore in the case of relative timing of defibrillation shocks
or other interventions, the defibrillator device or other intet-
ventional device may be used as the reference clock in the
case of relative times of interventions delivered by that inter-
ventional device. The clock information shown on the display
of the IEPR viewer may be a single time such as that of the
GPS defibrillator clock along with an indication of the source
for that clock. The clock information may also be shown as
relative timing information such as the time from initial call
into emergency services. The IEPR viewer user interface may
include such features, known to those skilled in the art, as
pull-down menus or pop-up menus to provide a list of all the
time bases contained in the IEPR and the capability of manu-
ally selecting which time base will be used as a reference.
Alternatively, the determination of which time base to use as
the reference may be based on decision logic employed by the
computer running the [EPR viewer software. That decision
logic may be some simple deterministic IF-THEN-ELSE
logic using the time base source and quality information, but
given the fact that the uncertainties in time accuracies can be
better modeled as probabilistic, decision techniques such as
Bayesian methods and fuzzy logic are of benefit. One of the
criteria in the decision-making logic may be what provides
the least amount of uncertainty in the particular duration
measures the user is attempting to make. Another criteria in
the decision-making logic may be a user-entered value for the
maximum desired error in time based calculations. This may
take on the form of a list of maximum desired errors for
particular durations (the value may not be the same for dif-
ferent durations). The user would be notified that the uncer-
tainty had exceeded a maximum desired error threshold.

By maintaining the clock information along with the time
of occurrence, relative time base information is not lost at the
time of data download from one device to another. Maintain-
ing that relative time base information as part of the IEPR has
advantages. Referring to FIG. 4, the relative time base infor-
mation can be stored in what can be termed a A-matrix, which
provides, in a two-dimensional matrix, the relative offsets for
each possible time source (time base) pair. Each cell in the
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matrix may be composed of a data object that includes the
value of the relative offset as well as the determination
method for that value. For instance, it may be that the relative
offset was determined during the communications protocol
between two devices during download of data as in the prior
art. Alternatively, the relative offset may have been calculated
during a calibration procedure performed automatically by
the devices which would communicate, for instance via the
Internet, with each other; in this instance, the determination
method as well as when the calibration occurred would be
included as part of the data object. Also included as part ofthe
data object is an estimation of the accuracy of the relative
offset. The initial form of the A-matrix will be sparsely popu-
lated, typically, but additional relative offsets can be calcu-
lated utilizing intermediate relative offsets. For instance, if
the relative offset of time base ‘A’ to time base ‘B’, A-B+/-
‘X’ milliseconds, is known, and the relative offset of time base
‘B”to ‘C’, B-C+/-‘Y’ milliseconds is known, then relative
offset A-C is likewise known. The error in such case is cal-
culated as the root mean sum of squares (RMS).

Determination of relative offset information from elec-
tronic records transmitted by indirect means such as file-
based methods like email or file transfer protocol (ftp) can be
accomplished by first updating, if necessary, the relative off-
set of the file sending device to an accurate reference clock
such as an Internet-based atomic clock and storing the offset
into the electronic record. The file-receiving device may also
update its relative offset to a reference clock as necessary.
Then, using a method such as that incorporating the A-matrix,
the relative offset can be calculated between the computers.

On the display of the IEPR viewer, visualization means
may be provided for each displayed event time to indicate
what the uncertainty is with that particular time. The uncer-
tainty can be of the absolute accuracy of the time base or the
relative accuracy of it with respect to another time base in the
IEPR. The visualization can be in the form of error bars;
multiple error bars can be presented for event, such as over-
lapping the bars and using such techniques as color-coding
the bars. Color-coding of durations can be employed in
reporting formats for care and outcomes, such as the Utstein
Style format. For instance, colors can be used to indicate the
potential accuracy of a particular duration, e.g., green to
indicate highest accuracy, orange and red to indicate lesser
degrees.

FIG. 5 is a table showing relevant parameters that could be
determined during synchronization of the multiple clocks
encountered during a medical event such as a “code” (cardiac
incident) occurring in the hospital setting. In this situation,
many of the devices are in close proximity, allowing for easier
synchronization by such means as Bluetooth technology
described earlier. There is a point in time when the code
actually starts (Clock_Start_Time in FIG. 5). This is the ear-
liest time at which the code was announced and is from the
point of view of the clock used to announce the code. This
may be the one time that is not local to the scene of the code,
but may be a computer clock located at some central location
from which a so-called “code team” is dispatched. A Code
Team is the group of trained doctors and nurses designated for
each shift to be on call in case of a cardiac arrest. The
Clock_Start_Time may be a particularly important time in
that it determines the calculation for the downtime, which
typically is a very important measure with regard to analyzing
the efficacy of the defibrillation therapy, as it establishes the
length of time from a cardiac arrest until a defibrillation shock
is delivered.

As was mentioned previously, through the use of Bluetooth
technology, it is now possible to sense physical proximity to
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other devices. Preferably, the defibrillator 1, PDA 5, and
monitor 7 all incorporate Bluetooth wireless technology. The
software in those devices can then automatically detect the
presence of the other devices, identify themselves to each of
the devices and share the current time with each other. This
can be accomplished using Bluetooth “discovery” features
defined by the Bluetooth special interest group standards.
When these devices are turned on at the time of a code, they
will automatically synchronize with each other. In the prior
art, one of the devices, such as the PDA became the reference
device, and data was downloaded from the defibrillator and
monitor at the end of the code into a single record; this scheme
has the drawback that data download is a slow and cumber-
some process that is not appropriate to have nurses or other
caregivers perform. This may be avoided at least in some
implementations of the invention, by each device calculating
the relative time differences to each of the other devices to
create a A-Matrix in each device. The data from each device
may then be separately downloaded to a central computer
containing the [EPR Viewer 4. Download may be accom-
plished by an ethernet connection or simply by removing a
data storage card and carrying it to the IEPR Viewer 4.
Because the A-Matrix is stored on each device including the
datacard, this is now possible. In the situation where the
Clock_Start_Time may be unknown to the various devices or
clinical personnel at the time of the code (the code was called
in to a remote central call location), the Clock_Start_Time
may be transmitted from the centralized call computer to the
TEPR Viewer computer 4 via such common means as the
ethernet. One of the clocks listed in the A-Matrix will then be
the IEPR Viewer computer clock and the centralised call
center clock. As long as at least one of the data sources, e.g.
the PDA, is actively synchronized with the IEPR computer 4,
accurate relative times can be determined in order to provide
an accurate measure of downtime.

In the implementation for the hospital cardiac arrest, each
clock thatis encountered throughout the code is synchronized
using an algorithm that can calculate the difference between
this clock and the “base clock™ as the “clock delta”. This is the
difference, or “error” between the two clocks. Where pos-
sible, this clock delta is calculated by sampling the actual
current time from each clock. In other cases, itis calculated by
the use of an adjustment that requires user input. In these
cases where no digital interface exists with the clock in ques-
tion, the user is asked to enter the current time from the point
of view of the external clock, thus providing a clock delta
between it and the data entry device. This is best understood
by example. Assume that there is a common wall clock in the
room where the code is called. The clock delta cannot be
captured directly, so the software asks the user for the current
time from the point of view of the wall clock. The computing
device asking this question presents the current time of the
computing device, a time that is likely to be reasonably close
to the time shown on the wall clock. The user is then given an
easy way to adjust this time to what they see on the wall clock.
By way of example, if the current time on the computing
device is 13:05:27, and the user provides a current time for the
wall clock of 13:04:05, then we can calculate the clock delta
between the wall clock and the computing device as —00:01:
22. Based on the type of clock encountered, the algorithm
always arrives at a clock delta.

At some point, the user must enter the code start time and
the clock used to record that time. Continuing with our
example, if the code started at 12:31:00 from the point of view
of the clock on the wall in the room, then the base clock start
time is 12:31:00 and the base clock is the wall clock. This
closely mimics the real world situation, in that any clock may
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be used to initially begin the code. This algorithm may be
applied to any clock. but in any case we always arrive with a
known base clock and a known base clock start time. This
base clock start time is stored in the database (see FIG. 1,
fields 2 and 3). The type of base clock is stored in this table as
well (FIG. 1, field 4).

In FIG. 5, fields 5, 7, and 9-14 store the corresponding
clock delta value.

Once the data arrives to the data review computer where the
incident will be reviewed, the user can select any of the clocks
that were encountered, and all times are adjusted to be from
the point of view of the selected clock. This solves a very real
world problem in that other paperwork or computing systems
need only to have one clock in common (even if it is only the
wall clock) and the user can see everything from the point of
view of the other system. This is done by allowing the user to
select the reference clock via an application menu. Based on
the selected clock, all times are visually offset by the clock
delta for that clock.

Many other implementations of the invention other than
those described above are within the invention, which is
defined by the following claims.

The invention claimed is:

1. A computer-implemented method of recording times of
events related to the medical care delivered to patient, and for
integrating those times to provide a patient history, the
method being implemented using one or more non-transitory
computer readable media, comprising:

recording a first time of occurrence of a first event;

recording first clock information characterizing a first time

source from which the first time of occurrence was
obtained;

recording a second time of occurrence of a second event;

recording second clock information characterizing a sec-

ond time source from which the second time of occur-
rence was obtained,

wherein the first time source and the second time source are

independent of one another and not synchronized with
one another;

transferring recorded data so that the first time of occur-

rence, the first clock information, the second time of
occurrence, and the second clock information are acces-
sible at a computer;

producing a patient history using at least the first and sec-

ond times of occurrence,

selecting one of the first and second time sources as a

reference time source, synchronizing the first and sec-
ond times of occurrence to the reference time source,
and producing a patient history in which times of occur-
rence of events are expressed relative to the reference
time source,

wherein the patient history comprises an integrated elec-

tronic patient record.

2. The method of claim 1 wherein the first time of occur-
rence and the first clock information are recorded on a first
device, and wherein the second time of occurrence and the
second clock information are recorded on a second device,
which is different from the first device.

3. The method of claim 1 wherein further events are
recorded, and for each event there are recorded a time of
occurrence and clock information characterizing a time
source from which the time of occurrence was obtained.

4. The method of claim 1 wherein the time source has an
identity and the information characterizing the time source
comprises the identity of the time source.

5. The method of claim 4 wherein there are a plurality of
known time sources.
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6. The method of claim 1 wherein the time source has a
quality and the information characterizing the time source
comprises information characterizing the quality of the time
source.

7. The method of claim 2 wherein the first deviceis selected 5
from the group consisting of a defibrillator, a personal digital
assistant, a Tablet PC, a laptop computer, and a physiological
monitoring device, and the second device, different from the
first device, is selected from the group consisting of a defibril-
lator, a personal digital assistance, a Tablet PC, a laptop 10
computer and a physiological monitoring device.

® 0% % % %
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