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The  present  invention  relates  to  a  delivery  ar- 
rangement  for  delivering  a  drug  aerosol  to  the  respir- 
atory  system  of  a  patient. 

It  is  desirable  for  such  a  drug  delivery  arrange- 
ment  to  generate  a  drug  aerosol  selectively  during  in- 
halation,  so  that  the  drug  is  not  wasted  during  exha- 
lation.  It  has  previously  been  proposed  to  make  a  drug 
delivery  device  in  which  the  aerosol  of  the  drug  is 
formed  periodically  at  the  same  rate  as  the  normal 
breathing  rate,  but  such  a  device  requires  the  patient 
to  coordinate  his  breathing  with  the  periodic  drug  de- 
livery.  However,  in  many  cases  patients  are  not  able 
to  coordinate  their  breathing  in  this  way.  Further- 
more,  other  proposed  devices  for  delivering  drug  to 
the  respiratory  system  require  an  increased  respira- 
tory  flow  which,  in  practice,  cannot  always  be  ach- 
ieved,  e.g.  by  children,  especially  during  an  asthma 
attack. 

An  object  of  the  present  invention  is  to  overcome 
or  alleviate  the  above  problems. 

Accordingly  the  invention  provides  a  drug  deliv- 
ery  arrangement  for  delivering  a  drug  aerosol  to  the 
respiratory  system  of  a  patient,  comprising  nebulizer 
means  arranged  to  generate  a  drug  aerosol  in  the  air 
stream  inhaled  by  the  patient,  sensor  means  respon- 
sive  to  the  airflow  due  to  the  breathing  of  the  patient, 
and  control  means  responsive  to  a  control  signal  gen- 
erated  by  said  sensor  means  to  cause  said  nebulizer 
means  to  generate  said  aerosol  selectively  during  the 
inhalation  phase  of  the  patient's  breathing  cycle. 

Preferably  the  sensor  means  is  responsive  to  tur- 
bulence  in  said  air  flow  and  may  comprise  a  micro- 
phone,  for  example. 

Preferred  embodiments  of  the  invention  are  de- 
scribed  below  by  way  of  example  with  reference  to 
Figures  1  to  6  of  the  accompanying  drawings  wherein: 

Figure  1  is  a  cross-section  showing  a  mouth 
piece  having  a  sensor  mounted  therein  for  use  in 
one  embodiment  of  the  invention; 
Figure  2  is  an  axial  cross-section  of  a  valved  de- 
livery  system  for  use  in  an  alternative  embodi- 
ment  of  the  invention; 
Figure  3  is  a  plan  view  of  the  delivery  system 
shown  in  Figure  2  (with  the  top  cap  removed); 
Figure  4  is  an  axial  cross-section  taken  at  right 
angles  to  the  cross-section  of  Figure  2; 
Figure  5  is  a  schematic  representation  of  a  fur- 
ther  embodiment  utilizing  a  remotely  located  sen- 
sor; 
Figure  6  is  a  block  diagram  of  a  control  circuit  for 
controlling  the  valved  delivery  system  of  Figures 
2  to  4  or  Fig.  5,  and  Figure  7  is  a  timing  diagram. 
Figure  1  shows  a  mouthpiece  for  use  in  one  em- 

bodiment  of  the  invention  which  comprises  a  micro- 
phone  3located  in  a  chamber4  which  has  an  aperture 
2  communicating  with  the  airflow  through  the  mouth- 
piece  and  directed  approximately  parallel  to  the  ac- 
cess  of  the  airflow.  Consequently,  turbulence  is  gen- 

erated  around  the  aperture  2  during  inhalation  (i.e. 
the  airflows  from  left  to  right  in  Figure  1)  whereas  lit- 
tle,  if  any,  turbulence  is  generated  during  exhalation 
(when  the  air  flow  is  in  the  direction  from  right  to  left 

5  in  Figure  1).  An  output  from  the  microphone  is  con- 
nected  to  a  control  circuit  (such  as  that  described  be- 
low  with  reference  to  Figure  6)  which  controls  the  op- 
eration  of  a  nebulizer  (not  shown)  which  can  be  insert- 
ed  into  a  port  1  in  the  mouthpiece.  The  nebulizer  may 

w  be  of  the  type  shown  in  GB  838453  and  GB  1283988. 
The  nebulizer  is  arranged  to  generate  an  aerosol 

of  finely  divided  drug  particles  (0.5  to  5  micro  meters 
for  bronchial  deposition  and  0.5  to  2  micro  meters  for 
alveolar  deposition)  during  each  inhalation  phase  of 

15  the  breathing  cycle.  The  nebulizer  may  be  arranged 
to  generate  a  predetermined  amount  of  aerosol  for  a 
predetermined  number  of  breathing  cycles,  thereby 
enabling  a  predetermined  amount  of  drug  to  be  deliv- 
ered. 

20  Figures  2,  3  and  4  shows  an  alternative  valved 
delivery  system  in  which  the  airflow  is  directed  over 
a  microphone  3  (Figure  4)  via  a  flap  valve  21  only  dur- 
ing  inhalation  and  is  directed  in  a  different  path  during 
exhalation.  The  patient  inhales  and  exhales  through 

25  a  mouthpiece  port  A  (Figure  2)  and  air  is  inhaled  into 
the  device  via  port  C  and  exhaled  from  the  device  via 
port  (B). 

When  the  patient  breaths  in  air  it  is  drawn 
through  port  C,  as  indicated  by  arrow  100  (Figure  4) 

30  and  passes  via  a  silencer  baffle  11  to  an  inlet  valve 
21.  The  silencer  baffle  prevents  nebulizer  noise  es- 
caping  and  also  isolates  the  microphone  3  from  exter- 
nal  noise.  The  silencer  baffle  can  be  replaced  by  a 
sealed  filter  where  absolute  system  to  atmosphere 

35  containment  is  required. 
As  the  air  passes  through  inlet  valve  21  the  re- 

sulting  turbulence  is  detected  by  the  microphone  3 
and  the  air  then  passes  through  a  liquid  drug  nebul- 
izer  baffle  4  and  up  via  port  5  to  the  patient  at  port  A 

40  (Figure  2).  When  the  patient  breaths  out  the  air  pass- 
es  via  gallery  6  (Figures  2  and  3)  to  an  exhalation 
valve  7  which  is  shown  as  a  flexible  flap  valve.  The 
air  then  exits  via  port  B  to  the  atmosphere.  The  gal- 
lery  6  prevents  any  liquid  in  the  airstream  of  the  pa- 

45  tientfrom  returning  to  the  nebulizer  reservoir;  instead 
any  such  liquid  passes  out  through  the  exhalation 
valve  7.  An  exhalation  filter  can  be  connected  to  port 
B  if  required. 

When  the  microphone  detects  the  turbulence 
so  during  the  inhalation  phase  of  the  breathing  cycle, 

the  nebulizer  is  supplied  with  compressed  air  via  an 
inlet  connector  8  (Figure  4)  under  the  control  of  a  sol- 
enoid  valve  (Figure  5).  The  schematic  representation 
of  Figure  5  of  the  overall  system  (described  more  fully 

55  later),  shows  the  sensor  remotely  located,  however 
the  system  is  equally  applicable  to  a  sensor  mounted 
in  the  mouthpiece  (see  Figure  1)  or  in  a  valved  system 
(see  Figures  2,  3  and  4).  The  compressed  air  passes 
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through  a  jet  9  at  high  velocity  and  strikes  a  bar  10 
which  divides  the  airflow  into  two  high  velocity  hori- 
zontal  streams.  These  two  high  velocity  horizontal 
streams  generate  a  low  pressure  area  above  a  reser- 
voir  111  which  draws  liquid  into  liquid  jets  12.  The  liq-  5 
uid  from  these  jets  is  spread  out  into  a  thin  film  and 
formed  into  small  particles  at  edge  13.  Particles  larg- 
erthan  a  predetermined  size  (e.g.  5  micro  meters)  im- 
pact  on  a  baffle  4  whereas  smaller  particles  of  the  de- 
sired  size  are  drawn  down  and  out  of  the  nebulizer  by  10 
air  flow  through  the  baffle.  This  nebulizer  design  is 
shown  in  more  detail  in  the  above-mentioned  GB 
838453  and  GB  1283988  which  are.  incorporated 
herein  by  reference. 

The  microphone  3  is  an  ultra  miniature  electret  15 
condenser  microphone  (having  a  frequency  response 
of  50  Hz  to  84  Khz)  and  is  desirably  mounted  close  to 
the  valve  flap  21. 

The  delivery  system  is  fully  reusable,  and  in  par- 
ticular  it  will  be  noted  that  it  includes  a  screwed  cap  20 
14  which  can  be  unscrewed  and  removed  to  gain  ac- 
cess  to  the  inlet  valve  21  and  exhalation  valve  7. 
These  can  be  removed,  together  with  the  microphone 
3  which  is  locked  in  position.  Once  the  microphone  is 
removed  all  the  other  components  can  be  cleaned  in  25 
hot  water  (>  65°C)  or  autoclaved. 

Figure  5  shows  an  alternative  embodiment  com- 
prising  a  mouthpiece  101,  a  valved  delivery  system 
and  nebulizer  arrangement  102  (which  is  similar  but 
not  identical  to  that  shown  in  Figures  2  to  4)  and  a  f  il-  30 
ter  103  which  is  connected  to  an  exhalation  port  of  the 
valved  delivery  system  1  02.  The  delivery  system  1  02 
differs  from  that  shown  in  Figures  2  to  4  in  that  the  mi- 
crophone  is  mounted  remotely  in  a  sensor  unit  30  and 
is  connected  to  the  delivery  system  102  by  a  flexible  35 
tube  105.  The  mouth  of  the  tube  is  located  near  a 
valve  flap  (not  shown)  in  an  inlet  of  the  valved  delivery 
system  (1  02)  and  noise  generated  at  this  inlet  is  trans- 
ferred  along  the  tube  to  the  microphone  in  the  sensor 
unit  30.  An  airline  104  supplies  compressed  air  to  the  40 
nebulizer  and  is  controlled  by  a  solenoid  valve  60  un- 
der  the  control  of  a  control  unit  40.  The  unit  also  in- 
cludes  a  compressor  50  to  supply  the  compressed  air. 

An  electronic  control  system  which  can  be  used 
to  control  the  above-described  arrangement  will  now  45 
be  described  with  reference  to  Figure  6. 

Figure  6  shows  a  microphone  3  connected  direct- 
ly  to  one  input  of  a  comparator  203  and  indirectly  via 
an  amplifier  201  and  a  smoothing  circuit  202  to  the 
other  input  of  the  comparator.  Accordingly  the  com-  50 
parator  203  generates  an  output  signal  only  when  a 
sudden  fluctuation  in  the  output  of  microphone  3  oc- 
curs  (due  to  turbulence  at  the  beginning  of  inhalation) 
and  does  not  generate  a  signal  when  the  microphone 
detects  only  normal  ambient  noise  due  to  the  air  com-  55 
pressor  50  (Figure  5)  for  example.  The  output  of  com- 
parator  203  feeds  a  monostable  multivibrator  204 
which  has  a  non-retriggerable  period  of  three  sec- 

onds  and  accordingly  generates  a  higher  output  for 
three  seconds,  thereby  triggering  a  monostable  mul- 
tivibrator  205  for  a  period  of  one  second  and  opening 
the  solenoid  valve  60  for  one  second.  Each  of  these 
multi  vibrators  is  triggered  by  the  positive  edge  of  the 
input  wave  form  and  they  may  be  constituted  by  a 
type  4538  dual  multi  vibrator  for  example. 

In  orderto  prevent  the  multi  vibrators  204  and  205 
from  being  energised  by  a  momentary  signal  due  to 
a  sudden  ambient  noise,  for  example  a  gating  circuit 
is  provided,  comprising  a  NAND  gate  209  having  one 
input  coupled  via  a  single  retriggerable  monostable 
multivibrator  208  to  the  output  of  comparator  203  and 
having  its  other  input  coupled  to  a  similar  retrigger- 
able  monostable  multivibrator  207  whose  input  is  in 
turn,  connected  to  the  output  of  a  further  monostable 
multivibrator  206,  whose  input  is  also  connected  to 
the  output  of  comparator  203.  The  output  of  gate  209 
is  connected  to  reset  terminals  of  monostable  multi- 
vibrators  204  and  205. 

Monostable  multivibrators  206  and  207  form  a 
delay  mono  stable  arrangement.  Monostable  206  is 
triggered  by  comparator  203  producing  a  20ms  posi- 
tive  going  pulse.  The  negative  edge  of  this  pulse  trig- 
gers  monostable  207  which  produces  a  positive  going 
2ms  pulse.  A2ms  pulse  is  therefore,  generated  20ms 
after  the  trigger  from  comparator  203  is  received.  If, 
during  this  20  millisecond  period  the  continuous  ser- 
ies  of  pulses  from  the  output  of  comparator  203  has 
ceased  (indicating  that  merely  ambient  noise  and  not 
turbulence  was  detected)  then  the  output  of  mono- 
stable  multivibrator  208  will  be  HIGH  NAND  gate  209 
will  generate  an  output  signal  which  will  reset  the 
monostable  multivibrators  204  and  205  and  inhibit  the 
operation  of  the  nebulizer.  The  performance  of  the 
circuit  will  be  understood  by  reference  to  the  timing  di- 
agram  Fig.  7. 

Referring  to  Figure  7  in  which  the  left  hand  side 
L  represents  the  true  trigger  timing  sequence  where- 
as  the  right  hand  side  R  represents  a  false  triggertim- 
ing  sequence. 

On  left  hand  side  L-  line  700  represent  the  output 
of  the  comparator  203  having  a  sequence  spacing  of 
less  than  2ms; 

line  701  represents  the  sequence  of  the  mono- 
stable  206  having  a  20ms  vibration  period; 

line  702  represents  the  sequence  of  the  mono- 
stable  207  producing  a  2ms  pulse  which  is  generated 
20ms  after  the  trigger  from  the  comparator  203  is  re- 
ceived. 

lines  203/704  represent  the  timing  relationship 
between  the  monostable  208  and  the  NAND  gate  209 
which  generate  an  output  signal  which  will  reset  the 
monostable  vibrators  204  and  205  after  3  seconds 
and  1  second  respectively  as  shown  at  lines  705  and 
706. 

A  sequence  of  false  trigger  timing  is  shown  at  R 
in  figure  7  in  which  corresponding  lines  for  the  false 
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trigger  are  allocated  the  same  line  numbers  as  under 
L  but  qualified  by  A. 

The  sequence  is  relative  to  a  20ms  vibration  per- 
iod  of  the  monostable  206  which  is  reflected  in  the 
same  vibration  period  for  monostable  204  and  205 
with  a  negative  10ms  pulse  of  monostable  208  as  well 
as  positive  and  negative  2ms  pulse  for  monostable 
207  and  209  coincident  with  the  end  of  the  20ms  vi- 
bration  period  of  the  monostable  206. 

The  arrangement  is  set  to  give  a  predetermined 
number  of  doses  of  drug  aerosol,  one  during  each  in- 
halation  phase  of  the  breathing  cycle  of  the  patient, 
each  dose  cycle  taking  a  minimum  of  three  seconds, 
corresponding  to  20  breaths  per  minute.  This  allows 
for  stable  operation,  with  a  nominal  nebulizer  opera- 
tion  period  of  one  second  and  a  nominal  two  second 
pause  to  recharge  the  nebulizer  driving  system. 

Claims 

1.  Adrug  delivery  arrangement  for  delivering  a  drug 
aerosol  to  the  respiratory  system  of  a  patient, 
comprising  nebulizer  means  arranged  to  gener- 
ate  a  drug  aerosol  in  the  airstream  inhaled  by  the 
patient,  sensor  means  responsive  to  turbulence 
in  the  airflow  due  to  the  breathing  of  the  patient, 
and  control  means  responsive  to  a  control  signal 
generated  by  said  sensor  means  to  cause  said 
nebulizer  means  to  generate  said  aerosol  selec- 
tively  during  the  inhalation  phase  of  the  patient's 
breathing  cycle. 

5  wherein  said  control  means  is  arranged  to 
smooth  the  output  of  said  microphone,  to  com- 
pare  the  instantaneous  output  of  the  microphone 
with  the  smoothed  output  of  the  microphone  and 

5  to  generate  said  control  signal  in  response  to  the 
comparison  of  said  outputs. 

7.  A  drug  delivery  arrangement  according  to  claim 
1  or  claim  7  wherein  said  control  means  is  respon- 

10  sive  to  changed  in  the  amplitude  form  of  the  mi- 
crophone  so  as  to  mitigate  the  effects  of  contin- 
uous  background  noise. 

8.  A  drug  delivery  arrangement  according  to  claim 
15  1  wherein  said  control  means  includes  gating 

means  which  is  arranged  to  inhibit  the  generation 
of  said  control  signal  unless  said  sensor  means 
generates  an  output  signal  for  longer  than  a  pre- 
determined  period. 

20 
9.  A  drug  delivery  arrangement  according  to  claim 

8  wherein  said  gating  means  includes  a  non-ret- 
riggerable  monostable  multivibrator  and  a  retrig- 
gerable  monostable  multivibrator  connected  to  a 

25  common  input  and  having  their  outputs  connect- 
ed  to  respective  inputs  of  a  logic  gate. 

10.  A  drug  delivery  arrangement  according  to  claim 
1  ,  wherein  said  sensor  means  is  pressure-sensi- 

30  tive  and  is  coupled  by  a  flexible  tube  to  a  further 
tube  through  which  the  patient  breaths. 

2.  A  drug  delivery  arrangement  according  to  claim 
1  which  comprises  a  directional  valve  which  is  lo-  35 
cated  in  the  path  of  and  operated  by  said  airflow 
and  arranged  to  direct  the  airflow  to  said  sensor 
means  during  a  predetermined  phase  of  the 
breathing  cycle. 

40 
3.  A  drug  delivery  arrangement  according  to  claim 

1  wherein  said  sensor  means  is  exposed  to  for- 
ward  and  reverse  airflow  during  the  inhalation 
and  exhalation  phases  of  the  breathing  cycle  and 
is  so  disposed  that  it  responds  selectively  to  eith-  45 
er  the  forward  or  reverse  airflow. 

4.  A  drug  delivery  arrangement  according  to  claim 
3  wherein  said  sensor  means  is  located  in  a 
chamber  having  an  aperture  which  is  exposed  to  so 
said  air  flow  and  is  directed  transverse  to  a  plane 
which  is  normal  to  the  axis  of  said  airflow. 

5.  A  drug  delivery  arrangement  according  to  claim 
1  wherein  said  sensor  means  comprises  a  micro-  55 
phone. 

6.  A  drug  delivery  arrangement  according  to  claim 

4 
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