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[57] ABSTRACT

A method and an implantable apparatus for automatically
delivering a defibrillating drug to a patient upon detection of
the onset of atrial fibrillation. Atrial activity of a heart is
detected and monitored. A delivery time is continuously
computed and a delivery signal is emitted as a function of
the monitored level of the atrial activity. When the delivery
signal is emitted, an infusion pump discharges a defibrillat-
ing drug into the bloodstream of the patient. The atrial
activity is also continuously monitored for computing a
pacing time at which a pacing signal is emitted as a second
function of the monitored level of atrial activity. When the
pacing signal is emitted a pacer paces the atrium of the heart.

19 Claims, 4 Drawing Sheets

e
3N RA |LA |_—1
5 N
6/ RV | LV 2.\
- Pacing e
Pulse 19---"1 14~J Pacing |
Generator 15 5 » Controller ~
| d
»| Sense 19~ (AAT Mode) 10)'
Amplifier g | AF Infusion :
|| Detector Controller I
______ s e
! Solenoid ‘}—-—12 L17
3 4 11/1+ Va}“ | Y
| 16~] Receiver/ %\
13 I Rels)::vgoir | Transmitter 18
______ [




5,527,344

Sheet 1 of 4

Jun. 18, 1996

U.S. Patent

D14
R ,
| 19))TUISURI], _ hwﬂwmom L“/Q
81 JACYNEREY R | | . a |
\w “ aarep 1T vJ ﬂ
L “
___ Ty e [PORNS] |
“ uM-%MN:%U L | T0papq |
_ Isnjuy AV c " 8~ yogndury
Isud <
0L epon TvW) ¢ 5
| ID[[0U0) |« m ST~ J0jRIUAN)
__ Supney ™Vl | __—-6I as[ng
_I IIIIII i » SuDRBJ |,
Lz
=
— | VI |V, Le
L



5,527,344

Sheet 2 of 4

Jun. 18, 1996

U.S. Patent

uoIsnjuj

dojg

¢ O

oIS (T >
[BAIIJU] URIPIIA

UBIPIJA puly

ISI] [eATIjU
jeaq 17 9epdn

pPoLId J A1030RIJY
Jasur g/,

Isuag
[BLI}Y

uolsnjuy
INUIIUO)) IO }IB)S




5,527,344

Sheet 3 of 4

Jun. 18, 1996

U.S. Patent

€ DA

InuIu [§oed jeadaa pue
PIOYSa1T]) [BUISLIO 0} JISY

toneaqly
eIy

[eAIajuI
MU
aUIULIdR(

A
%0€
PIOYSoIY. L,
aonpay

I

[eAIau]
JuaLIN))
310}S




5,527,344

Sheet 4 of 4

v OId

7

\.

iy Pp -1 Ep P2
9% +I9yTo - gy =+ B

Y

4

TA/w=)y

SPU03s § JIBAA

Jun. 18, 1996

U.S. Patent

A

dwuind asyng

1

132 0} ¢

Cn

Pa30933(

15198
AV




5,527,344

1

PHARMACOLOGIC ATRIAL
DEFIBRILLATOR AND METHOD

The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to require
the patent owner to license others on reasonable terms as
provided for by the terms of Grant Number 5-R01-HL.32131
awarded by the National Institutes of Health.

BACKGROUND OF THE INVENTION

1. Field of the Invention

is invention relates to an atrial defibrillator apparatus and
a method for automatic intravenous delivery of a defibril-
lating drug into the bloodstream of a patient in need of atrial
defibrillation.

2. Description of Related Art

Atrial fibrillation (AF) is the cardiac arrhythmia that
seems to occur most frequently. Although it is not usually
life threatening, cardiac arrhythmia is associated with
strokes apparently caused by blood clots that form after
prolonged AE. The onset of AF is often unexpected and
occurs suddenly. Drugs are currently available for atrial
defibrillation by intravenous infusion. However, intravenous
delivery often requires specialized skills of medical person-
nel at relatively remote facilities. AF can also be treated with
a discharge of electrical energy to the heart, through the skin
of the patient, by way of an external defibrillator of the type
well known to those skilled in the art. This treatment is
commonly referred to as synchronized cardioversion and, as
its name implies, involves applying electrical defibrillating
energy to the chest in synchronism with a detected ventricu-
lar electrical activation (R wave) of the heart. Such treatment
is very painful and requires skills and special facilities found
only in treatment centers such as hospitals.

Certain disadvantages associated with conventional
implantable electrical atrial defibrillators have prevented
mass production and common use as means for treating AFE.
U.S. Pat. No. 5,265,600 teaches a device that delivers
defibrillating electrical energy to'the atria via intracardiac
electrodes. As with many other conventional defibrillators,
such energy often resulls in the patient experiencing severe
pain. Such energy may also induce ventricular fibrillation,
which can be a fatal cardiac arrhythmia.

It is known that after successful defibrillation of the atria,
the atria of the heart typically beat at a low rate, particularly
if there is temporary sinoatrial node dysfunction resulting
from the defibrillation of the atria. The sudden reduction in
cardiac rate could potentially result in the patient experi-
encing a spell of dizziness. In addition, the sudden reduction
in cardiac rate can also lead to dispersion of refractoriness
which, if it occurs together with an R on T condition, can
render the heart more vulnerable to ventricular fibrillation.
Hence, such a sudden reduction in cardiac rate following
successful defibrillation of the atria may be quite undesir-
able.

The implantable atrial defibrillation apparatus and method
of this invention overcomes the disadvantages associated
with conventional electrical atrial defibrillation apparatuses
by using pharmacologic atrial defibrillation instead. This
invention also overcomes the problem of low heart rates
normally encountered after defibrillation, by automatically
pacing the atrium, if required. Another advantage of this
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invention is that it automatically provides this same type of -

pacing, known in the art as the AAI mode, under circum-

2

stances such as sinus node dysfunction, and thus can aid in
preventing atrial fibrillation in some patients.

SUMMARY OF THE INVENTION

It is thus one object of the present invention to provide an
implantable pharmacologic atrial defibrillator for automatic
delivery of an intravenous infusion of a defibrillation drug at
a calculated time, to a patient in need of atrial defibrillation.

It is another object of this invention to provide a method
for automatic intravenous delivery of a defibrillating drug to
a patient in need of atrial defibrillation, as well as continuous
monitoring of atrial activity for pacing the atrium whenever
necessary.

The above and other objects of this invention are accom-
plished with a fully automatic, implantable pharmacologic
atrial defibrillator which, in view of conventional electrical
defibrillators, reduces the potential risk of induced ventricu-
lar fibrillation which may result from the delivery of
defibrillating electrical energy to the atria and also elimi-
nates the pain associated with electrical atrial defibrillation.
More specifically, the pharmacologic atrial defibrillator
apparatus according to this invention also continuously
monitors and when necessary paces the atria to maintain
adequate heart rate, particularly after pharmacologic
defibrillation, but even at any other time that such pacing is
needed.

The atrial defibrillator according to this invention detects
atrial activity (AA) of the heart and uses such information to
determine when the atria of the heart are in need of defibril-
lation. The atrial defibrillator of this invention intravenously
delivers a defibrillating drug into the bloodstream of a
patient automatically upon detection of atrial fibrillation,
and also paces the atria of the heart, if required, after atrial
defibrillation or at any other time.

One preferred embodiment of the method according to
this invention includes the step of detecting atrial activity of
the heart and determining when the atria of the heart are in
need of defibrillation. A defibrillating drug is automatically
delivered according to an optimal infusion rule when the
patient is in need of atrial defibrillation. The method accord-
ing to this invention also includes pacing the atria of the
heart, if required, after automatically delivering the defibril-
lating drug, as well as monitoring and pacing the atria of the
heart, if required, at any other time.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention, together with further objects and
advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawing, wherein:

FIG. 1 is a schematic block diagram of a fully implantable
pharmacologic atrial defibrillator, according to one preferred
embodiment of this invention;

FIG. 2 is a flow diagram illustrating one preferred
embodiment of an apparatus and a method for detection of
atrial fibrillation, according to this invention;

FIG. 3 is a flow diagram illustrating another preferred
embodiment according to this invention wherein threshold-
scanning is used to detect atrial fibrillation; and

FIG. 4 is a flow diagram illustrating a method of infusion
control, according to still another preferred embodiment of
this invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A pharmacologic atrial defibrillator, according to one
preferred embediment of this invention, generally comprises
one or more enclosures 2, as schematically shown in FIG. 1,

for hermetically sealing internal circuit elements and drug.

storing and dispensing elements associated with the atrial
defibrillator, an endocardial lead 3 and an intravenous cath-
eter 4. The enclosure 2, the lead 3 and the catheter 4 are
designed and physically arranged to be implanted beneath
the skin of a patient so as to render the apparatus of the
pharmacologic atrial defibrillator fully implantable.

The endocardial lead 3 preferably comprises an endocar-
diat bipolar lead having electrodes 5 and 6 arranged for
establishing electrical contact preferably with the interior of
the right atrium. For example, the lead 3 can be introduced
into an appropriate vein and fed through.the inferior or
superior vena cava into the right atrium. The catheter 4 has
a central lumen for carrying drug and when the apparatus is
implanted, a discharge end of the catheter 4 is in fluid
communication with an appropriate vein and thus the blood-
stream of the patient. The art of implantation of the enclo-
sure 2, the lead 3 and the catheter 4 is well-known to those
skilled in the art.

Within the enclosure 2, according to one prefemred
embodiment of this invention, the pharmacologic atrial
defibrillator comprises a sense amplifier 8, an atrial fibril-
lation (AF) detector 9, an infusion controller 10 and a drug
pump 12, as schematically shown in FIG. 1. The sense
amplifier 8 forms a detecting means which, together with the
lead 3 to which the sense amplifier 8 is connected, detects
atrial activations of a right atrium 7 of a heart 1. The output
of the sense amplifier 8 is preferably coupled to a micro-
processor-based AF detector 9 which identifies the onset of
AF, particularly by one preferred method of signal process-
ing to be described hereinafter. When AF is detected, a
microprocessor-based infusion controller 10 causes, by one
preferred method to be described hereinafter, a sequence of
electrical pulses which are delivered to a solenoid valve 11
of the drug pump 12. The drug pump 12 preferably com-
prises a reservoir 13 for storing a defibrillating drug.

In one preferred embodiment, the output of the sense
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amplifier 8 is also coupled to a microprocessor-based AAI -

pacing controller 14, which controls an atrial pacing pulse
generator 15 to provide AAI mode atrial pacing via the
endocardial lead 3, according to a method well-established
in the art.

The microprocessor-based AF detector 9 performs an
estimate of atrial rate based on the median of the interval
between atrial activations. This is in distinction to conven-
tional detectors which base the estimate of heart rate on the
mean or average of the interval between activations. The
advantage of median estimators over mean estimators is that
median estimators minimize the deleterious effect of so-
called outlier intervals caused by occasional under-sensing,
which is known to occur during AF.

One preferred embodiment of the AF detector 9 of this
invention is described with respect to the flow diagram of
FIG. 2. An atrial sense starts a refractory period which
prevents multiple sensing of a single activation. Senses
occurring during the refractory period are ignored. At the
end.of the refractory period, the time between a current atrial

sense and a previous atrial sense is added to the list-of atrial -

activation intervals. A sorting algorithm is then called, which
is designed to minimize the number of comparisons neces-
sary to find the median element of the interval list. The
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median is then compared to the interval threshold of
approximately 200 milliseconds, for example. If the median
estimate is greater than the interval threshold, no action is
taken. If less than, AF is detected and the infusion controller
is activated.

Designing a rhythm detection algorithm based on AA
interval measurements requires consideration of the front-
end hardware used for atrial sensing and the behavior of the
atrial signal during both normal rhythm and AF. An atrial
sense is registered when an -atrial depolarization exceeds a
fixed threshold after being high-pass filtered at 30 Hz, for
example. This filter setting, while appropriate for SR, con-
siderably attenuates AF, whose power spectrum contains
little energy above 30 Hz. Additionally, AF demonstrates a
considerable drop in signal amplitude as compared to SR
even without filtering. The combination of these factors has

. been observed to cause-frequent undersensing of AF result-

ing in an inadequate number of beats to diagnose AF and,
thus failure to begin infusion. To improve sensing of AF,
median filtering of derived AA intervals as an alternative to
simple beat counting can-be used.

Undersensing during AF produces artificially long
detected AA intervals, which become “outliers” in the record
of recent AA intervals used to estimate rate. The robustness
of a rate estimator to-the presence of outliers is determined
by its breakpoint, which is the smallest number of outliers
needed to degrade the estimate. The median possesses the
best possible breakpoint since at least half the intervals must
be outliers in order to corrupt the median. Hence, if at least
N/2 of the last N observed AA intervals are less than the
detection threshold, AF will be diagnosed.

According to one preferred embodiment of this invention,
thythm discrimination via median filtering is accomplished
via a bubble-sort ranking of the AA interval record in an N
element array SINT such that SINT[I]SSINT[I+1], Ie{1,
N}. An interval estimate is made using the median element
of SINT, namely SINT[(N+1)/2]. AF is diagnosed and
infusion started if the interval estimate is less than an
arbitrary threshold of 200 msec, for example. Infusion is
terminated by either an interval estimate greater-than a
specified time -period, such as 330 msec (<180 bpm), or
failure to convert within a given time period, such as 30
minutes. ‘

An alternative preferred embodiment of a microproces-
sor-based AF detector 9, according to this invention, uses a
threshold-scanning method. When a sensing threshold is
lowered in a pacemaker sense amplifier, the interval between
activations sensed during AF decreases, while that during
normal sinus rhythm does not. This is because the amplitude
of individual activations in the electrogram during AF is
known to be quite variable, while the amplitude of indi-
vidual activations during normal sinus rhythm is known to
be relatively constant. Thus, in AF, reducing the sensing
thresheld reduces the interval between successive atrial
sensings, while no such action occurs during-sinus rhythm.
The threshold scanning method according to one preferred
embodiment of this invention.can be described with respect
to FIG. 3. Each minute, or other suitable time interval, the
microprocessor temporarily. stores the current estimate of
interval between atrial activation sensings whether based on .
a median estimate as described above or on a conventional
estimate.- The microprocessor then reduces the sensing
threshold in the sense amplifier 8 by, for example, approxi-
mately 30% and re-estimates the interval between atrial.
activation sensings to determine a new interval. The new
interval is then compared to the original interval. If the new
interval is less than the original interval by a significant or
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predetermined amount, AF is present and the infusion con-
troller 10 is activated. If the new interval is not less than the
original interval by the significant or predetermined amount,
the infusion controller 10 is not activated.

The threshold scanning method for AF detection can also
be implemented with a digitized representation of the ampli-
fied atrial electrogram, as would be available in a micro-
processor equipped with an A/D converter. This would
permit threshold scanning of the identical period of atrial
activation, thus eliminating any effect on interval caused, for
example, by a change in patient posture or activity which
may occur during successive threshold scans.

The microprocessor-based controller 10 causes the
defibrillating drug to be infused intravenously in such a way
as to produce therapeutic blood levels of the drug very
rapidly and maintain these levels until atrial defibrillation
occurs. Most antiarrhythmic drugs follow a two-compart-
ment pharmacokinetic model. It is known that in this model
the infusion method for realizing rapid rise and subsequent
maintenance of therapeutic levels includes an initial rapid
rate of delivery followed by a rate which decreases expo-
nentially to a standard maintenance rate sufficient to offset
drug lost by elimination. In one preferred embodiment of
this invention, this infusion method is implemented by a
model-based algorithm which periodically computes the
concentration of the drug in the blood, such as according to
the well-known mathematical laws of two-compartment
pharmacokinetics. When the computed concentration is
below the desired concentration a known amount of drug is
delivered. When the computed concentration is at or above
the desired concentration level no drug is delivered.

More specifically, an optimal infusion protocol preferably
produces therapeutic plasma levels in a timely fashion
without overshooting the desired level. For drugs with two
compartment pharmacokinetic behavior, including most
anti-arrhythmics, it is known that an “exponentially-taper-
ing” infusion matched to the known distribution dynamics of
the drug is optimal. The two compartment equations are
given by:

Cimr)Vy—kyoCrkyp(Cr-Cy) Equation 1

Cola (C1-C) Equation 2

where C; and C, are the central and peripheral compartment
concentrations, r(t) is the rate of infusion into the central
compartment, V, is the central compartment volume, and
k105 ky2, and k5, are the time constants for elimination from
the central compartment, transfer from the central compart-
ment to the periphery, and transfer from the periphery to the
central compartment, respectively. The desired concentra-
tion C, , can be initially achieved with a loading bolus equal
to C,, V1. Maintaining this concentration involves solving
for r(t) with the constraint that C,;=C, ,. This solution for r(t)
is given as:

1ty=V k1o CrtVikyn Cp g2 Equation 3
which includes a constant maintenance drip plus an expo-
nentially decreasing component.

One implementation drawback of the exponentially-ta-
pering infusion is that Equation 3 requires a variable-speed
pump capable of continuous flow rate adjustment. However,
on-off control of a constant speed pump 12 via pulse-
frequency modulation, according to this invention, provides
an excellent approximation to the exponentially-tapering
infusion. The on-off control scheme can be easily derived by
substituting the derivative operators in Equations 1 and 2
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6

with finite difference operators and replacing the continuous
rate term involving r(t) with a switching function which
allows for discrete concentration increases. The resulting
equations are:

Cnl=Cy[n-1){1-(k;gtk;5) Ti+k,TCo[n~11+5(Cpyys.) Equation 4

Cyn=Cyn—1]{1ky, Tk, TC, [n-1] Equation §

where n is the discrete time index, T is the discrete time
increment, and S(Cpulse) is a switching function controlling
concentration increase due to each valve opening. In one
preferred embodiment of this invention, for example, the
drug delivered with each valve opening is 2.65 mg. The
resulting increase in concentration is then given by:

S(Cpuis)=2.65/V, mg/L for Cy[n-11SC,, Equation 6

S(Cp,,,u):() otherwise. Equation 6

One preferred embodiment of a detailed method of the
infusion controller 10 can be described with respect to FIG.
4. Once AF has been detected, the blood concentration C1
and peripheral compartment concentration C2 are initial-
ized. A comparison is then made to determine if the blood
concentration as calculated from two-compartment pharma-
cokinetic equations is less than the target level. If so, the
solenoid valve 11 is pulsed, the concentration increase from
pumping the drug is computed and the new compartmental
concentrations are calculated by an Euler approximation to
the two-compartment differential equations. The system
waits during a predetermined time period, approximately 5
seconds for example, and repeats until C1 reaches the target
concentration. Then the infusion pump 12 is not activated
The model-based, “pulsatile” nature of this infusion avoids
the need for exponential calculations and need for a variable
speed pump.

The infusion pump 12 which includes the solenoid valve
11 and the drug reservoir 13, as well as a refilling port, are
well-known to those skilled in the art. An example of a
suitable infusion pump is described by U.S. Pat. No. 5,220,
917.

For entering operating parameters into a microprocessor
19, the microprocessor 19 receives such programmable
operating parameters from an external controller which is
preferably external to the skin of the patient. The external
controller is arranged to communicate with a receiver/
transmitter 16 which is coupled to the microprocessor 19
over a bi-directional bus 17. The receiver/transmitter 16 may
be of the type well known to those skilled in the art for
conveying various information which the receiver/transmit-
ter 16 obtains from the microprocessor 19 to the external
controller or for receiving programming parameters from the
external controller which the receiver/transmitter 16 then
conveys to the microprocessor 19 for storage in internal
memory.

The receiver/transmitter 16 preferably includes a trans-
mitting coil 18 so that the receiver/transmitter 16 and the
transmitting coil 18 form a communication means. Such
communication means are well known to those skilled in the
art and may be utilized as noted above for receiving com-
mands from the external controller to the implantable enclo-
sure 2 and for transmitting data to the external controller
from the implanted enclosure 2. One such communication
system is disclosed, for example, by U.S. Pat. No. 4,586,
508.

To complete the identification of the various structural
elements within the enclosure 2, the atrial defibrillator
according to this invention further comprises a depletable
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power source, such as a lithium battery, which supplies
power to the electrical components of the atrial pharmaco-
logic defibrillator.

While in the foregoing specification this invention has
been described in relation to certain preferred embodiments
thereof, and many details have been set forth for purpose of
illustration it will be apparent to those skilled in the art that
the invention is susceptible to additional embodiments and
that certain of the details described herein can be varied
considerably without departing from the basic principles of
the invention.

What is claimed is:

1. A method for delivering upon demand a defibrillating
drug to a patient, the method comprising the steps of:

(a) detecting and monitoring a level of atrial activity and

a level of ventricular activity of a heart of the patient;

(b) continuously computing a delivery time to emit a
delivery signal as a first function of the monitored level
of atrial activity;

(c) emitting the delivery signal at the computed delivery
time to-delivery means for introducing the defibrillating
drug into a bloodstream of the patient;

(d) continuously computing a pacing time to emit a pacing
signal as a second function of the monitored level of
atrial activity and ventricular activity; and

(e) emitting the pacing signal at the computed pacing time
to pacing means for pacing an atria of the heart.

2. A method for delivering upon demand a defibrillating

drug to a patient, the method comprising the steps of:

(a) detecting and. monitoring a level of atrial activity of a
heart of the patient by estimating an atrial rate using a
median value of an interval between atrial activations;

(b) continuously computing a delivery time to emit a
delivery signal as a first function of the monitored level
of atrial activity;

(c) emitting the delivery signal at the computed delivery
time to delivery means for introducing the defibrillating
drug into a bloodstream of the patient;

(d) continuously computing pacing time to emit a pacing
signal as a second function of the monitored level of
atrial activity; and

(e) emitting the pacing signal at the computed pacing time
to pacing means for pacing an atria of the heart.

3. A method for delivering upon demand a defibrillating

drug to a patient, the method comprising the steps of:

(a) detecting and monitoring a level of atrial activity of a
heart of the patient;

(b) continuously computing a delivery time to emit a
delivery signal by computing a median value of a
plurality of sensed time intervals each occurring
between two atrial senses, comparing the median value
to a threshold value, and emitting the delivery signal
when the median value is less than a threshold value;

(c) emitting the delivery signal at the computed delivery
time to delivery means for introducing the defibrillating
drug into a bloodstream of the patient;

(d) continuously computing pacing time to emit a pacing
signal as a second function of the monitored level of
atrial activity; and

(e) emitting the pacing signal at the computed pacing time
to pacing means for pacing an atria of the heart.

4. A method according to claim 3 wherein the threshold

value is approximately 200 milliseconds.

5. A method for delivering upon demand a defibrillating

drug to a patient, the method comprising the steps of:
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(a) detecting and monitoring a level of atrial activity of a
heart of the patient;

(b) continuously computing a delivery time to emit a .
delivery signal by establishing a first threshold value of
an interval between successive atrial sensings, reducing
the first threshold value and establishing a second
threshold value, comparing a first interval correspond-
ing to the first threshold value to a second interval
established by the second threshold value, and emitting
the delivery signal upon detection of the second inter-
val being less than the first interval by a predetermined
amount; ‘

(c) emitting the delivery signal at the computed delivery
time to delivery means for introducing the defibrillating
drug into a bloodstream of the patient;

(d) continuously computing a pacing time to emit a pacing.
signal as a second function of the monitored level of
atrial activity; and -

(e) emitting the pacing signal at the computed pacing time
to pacing means for pacing an atria of the heart. :

6. A method for delivering upon demand a defibrillating

drug to a patient, the method comprising the steps of:

(a) detecting and monitoring alevel of atrial activity of a
heart of the patient;

(b) continuously computing a delivery time to emit a
delivery signal by calculating a concentration of the
defibrillating drug in the bloodstream, and pulsing the
delivery means to introduce the defibrillating drug into
the bloodstream. when the concentration is below a
predetermined value;

(c) emitting the delivering signal at the computed delivery
time to delivery means for introducing the defibrillating
drug into the bloodstream of the patient;

(d) continuously computing a pacing time to emit a pacing
signal as a second function of the monitored level of
atrial activity; and

(e) emitting the pacing signal at the computed pacing time
to pacing means for pacing an atria of the heart:

7. A method according to claim 6 wherein the concentra-
tion is calculated with a two-compartment pharmacokinetics
equation using a blood concentration value C1 and a periph-
eral compartment concentration value C2.

8. A method according to claim 6 wherein the delivery
means introduces the defibrillating  drug into the blood-
stream in pulsed amounts.

9. An implantable apparatus for automatically delivering
upon demand a defibrillating drug to a patient, the apparatus
comprising:

sensor means for sensing and monitoring a level of atrial
activity of a heart of a patient;

first computer means for computing a delivery time and
emitting a delivery signal as a function of said moni-
tored level of atrial activity;

delivery means for introducing the defibrillating drug into
a bloodstream of the patient at said delivery time;

second computer means for continuously computing a
pacing time and emitting a pacing signal as a second
function of said monitored level of atrial activity;

pace means for receiving said pacing signal and pacing an
atria of said heart at said pacing time;

at least one hermetically sealed enclosure; and

said first computer means, said second computer means,
said delivery means and said pacing means housed -
within said at least one hermetically sealed enclosure.
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10. An apparatus according to claim 9 wherein said sensor
means comprise a lead having one end adapted for contact-
ing an endocardium of said heart and an opposite end in
communication with at least one of said first computer
means and said second computer means.

11. An apparatus according to claim 10 wherein said lead
is an endocardial lead, said one end of said endocardial lead
comprising two electrodes each adapted for contacting an
interior surface of a right atrium of said heart.

12. An apparatus according to claim 10 wherein said first
computer means comprise an amplification means for ampli-
fying an atrial signal communicated through said lead.

13. An apparatus according to claim 9 wherein said first
computer means comprise atrial defibrillation means for
detecting an onset of atrial fibrillation as a function of a
sensed and amplified signal received from said sensor
means.

14. An apparatus according to claim 13 wherein said first
computer means comprise an infusion controller in commu-
nication with said atrial defibrillation means, and said infu-
sion controller computing and emitting said delivery signal
to said delivery means at said delivery time.

15. An apparatus according to claim 9 wherein said
delivery means comprise an infusion pump having an inlet
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in fluid communication with a reservoir containing a
defibrillating drug and an outlet adapted for fluid commu-
nication with said bloodstream. .

16. An apparatus according to claim 15 wherein said
delivery means further comprise a solenoid valve forming
fluid communication between said inlet and said outlet upon
receipt of said delivery signal.

17. An apparatus according to claim 9 wherein said
delivery means comprise a defibrillating drug reservoir, a
catheter having one end in communication with said
defibrillating drug reservoir and an opposite end adapted for
communication with said bloodstream.

18. An apparatus according to claim 9 wherein said
second computer means comprise a pulse generator, a pac-
ing controller emitting said pacing signal to said pulse
generator as a function of a sensed and amplified signal
received from said sensor means.

19. An apparatus according to claim 18 further compris-
ing a lead having one end adapted for contacting an endocar-
dium of said heart, and said pulse generator delivering an
output voltage through said lead.
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