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(54)  Aerosol  nebulizer  heater. 

©  An  aerosol  nebulizer  heater  (10)  includes  a 
housing  (24)  with  an  inlet  end  (26)  for  operational 
engagement  with  a  nebulizer  (12)  for  the  receipt  of 
pressurized  aerosol,  a  device  for  heating  the  aerosol, 
and  a  system  (58,  72,  74)  for  monitoring  and  control- 
ling  the  temperature  of  the  heated  aerosol  as  the 
aerosol  is  passed  through  the  housing  and  toward  a 
patient,  so  that  the  patient  receives  the  heated 
aerosol  at  a  relatively  constant  temperature. 
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The  present  invention  relates  to  respiratory 
care  devices,  and  specifically  to  a  heater  for  use 
with  respiratory  nebulizers  which  produce  an 
aerosol  to  be  delivered  to  the  patient. 

In  conventional  respiratory  care  systems  in- 
cluding  nebulizers,  oxygen  is  mixed  with  a  liquid, 
usually  sterile  water,  saline  solution  or  other  res- 
piratory  solution  to  form  an  aerosol  which  is  passed 
through  a  flexible  feed  tube  and  ultimately  deliv- 
ered  to  the  patient  through  a  face  mask.  A  recent 
trend  in  respiratory  therapy  is  to  provide  a  heated 
aerosol  to  the  patient  to  minimize  stress  on  the 
patient's  respiratory  system. 

Conventional  nebulizer  heaters  have  concen- 
trated  on  heating  the  supply  of  sterilized  water  prior 
to  the  nebulization  process.  However,  a  significant 
drawback  to  this  approach  is  that  the  water  loses 
heat  in  the  nebulization  process.  In  addition,  the 
tube  through  which  the  aerosol  passes  to  reach  the 
patient  is  usually  cooler  than  the  temperature  of  the 
heated  water.  Consequently,  as  the  heated  aerosol 
progresses  through  the  tube,  condensation  appears 
on  the  inside  of  the  tube.  As  the  treatment  contin- 
ues,  the  tube  eventually  fills  with  condensate  water, 
prematurely  cooling  the  aerosol  and  wasting  heat. 
Attempts  to  heat  the  tube  instead  of  the  water  have 
been  abandoned  as  being  ineffective  or  impractical. 

Another  unsolved  design  parameter  of 
nebulizer  heaters  is  that  when  heat  is  cyclically 
applied  to  the  aerosol,  a  so-called  "spike  effect" 
results,  in  which  excessive  heat  is  applied  to 
achieve  a  target  temperature,  but  instead  exceeds 
the  target  due  to  the  cumulative  effect  of  the  ap- 
plied  heat.  The  control  circuitry  then  responds  by 
reading  the  higher  temperature  and  shutting  off  the 
heat,  thus  causing  the  temperature  of  the  aerosol 
to  prematurely  plummet. 

In  addressing  the  above-identified  drawbacks 
of  conventional  nebulizer  heater  systems,  an  im- 
portant  design  parameter  to  be  considered  is  that  if 
too  much  heat  is  applied  to  an  aerosol,  the  mois- 
ture  content  will  decrease  to  the  point  that  the 
aerosol's  therapeutic  benefits  are  neutralized.  Ac- 
cordingly,  enough  heat  must  be  applied  to  prevent 
condensation  and  to  provide  the  patient  with  an 
adequately  heated  aerosol,  while  avoiding  over- 
heating  the  aerosol  to  the  point  of  desiccating  it. 

Another  important  design  factor  is  that  any  heat 
applied  must  be  accurately  monitored  to  maintain  a 
constant  temperature  of  the  aerosol  reaching  the 
patient,  and  to  avoid  spiking. 

Thus,  there  is  a  need  for  a  nebulizer  heater 
which  delivers  heated  aerosol  to  the  patient  within 
a  specified  temperature  range  to  provide  the  thera- 
peutic  benefits  of  heated  aerosols.  There  is  a  fur- 
ther  need  for  a  nebulizer  heater  which  accurately 
monitors  the  aerosol  temperature  at  the  point  the 
patient  receives  the  aerosol,  and  which  adjusts  the 

aerosol  temperature  in  a  manner  which  avoids  spik- 
ing.  There  is  also  a  need  for  such  a  nebulizer 
heater  which  can  be  readily  adapted  to  existing 
nebulizer  systems  for  accurate,  safe  and  energy 

5  efficient  operation. 
Accordingly,  the  present  nebulizer  heater  ad- 

dresses  the  above-identified  drawbacks  of  conven- 
tional  systems  by  heating  the  aerosol  after  it  leaves 
the  nebulizer.  In  addition,  the  present  heater  is 

io  provided  with  a  temperature  control  system  which 
is  calibrated  to  both  account  for  heat  loss  in  the 
aerosol  transfer  tube,  and  minimize  the  loss  of 
aerosol  moisture  content.  The  temperature  control 
system  includes  a  safety  temperature  feedback 

75  feature  for  monitoring  the  temperature  of  the 
aerosol  as  it  leaves  the  heater.  Monitoring  may  also 
occur  at  the  point  of  aerosol  reception  by  the 
patient. 

The  invention  provides  a  heater  for  use  with  a 
20  respiratory  nebulizer  producing  a  pressurized 

aerosol,  comprising  a  housing  having  an  inlet  end 
and  an  outlet  end,  each  of  said  ends  having  a 
respective  port,  said  inlet  end  port  and  said  outlet 
end  port  being  in  fluid  communication  with  each 

25  other;  said  inlet  end  port  being  configured  for  fluid 
communication  with  the  nebulizer  to  receive  the 
aerosol  upon  connection  of  said  housing  to  the 
nebulizer;  and  means  for  heating  the  aerosol  as  the 
aerosol  passes  through  said  housing  and  out  said 

30  outlet  end  port,  said  means  for  heating  including  a 
tubular  heating  chamber  having  a  tubular  heating 
element  with  multiple  heated  surfaces  disposed  in 
said  chamber  so  that  aerosol  passing  through  said 
chamber  directly  contacts  said  heated  surfaces. 

35  In  addition,  the  heater  has  an  aerosol  tempera- 
ture  control  system  including  a  temperature  moni- 
tor  located  adjacent  the  outlet  port  and  connected 
to  the  heater  so  as  to  provide  feedback  information 
to  a  temperature  controller.  In  this  manner,  the 

40  heater  cycles  to  heat  only  when  necessary,  and 
thus  operates  more  efficiently.  Furthermore,  the 
control  system  is  calibrated  so  that  the  aerosol  is 
only  heated  to  the  extent  necessary  to  provide  the 
patient  with  a  correctly  heated  aerosol  having  a 

45  sufficient  moisture  content.  If  desired,  a  tempera- 
ture  sensor  may  be  positioned  adjacent  the  point 
where  the  patient  receives  the  aerosol  in  order  to 
more  closely  monitor  aerosol  temperature. 

The  present  heater  also  includes  at  least  one 
50  safety  device  for  preventing  the  overheating  of  the 

heating  element,  for  notifying  health  care  personnel 
of  a  heater  failure,  and  for  preventing  the  operation 
of  the  heater  if  the  unit  is  improperly  attached  to 
the  nebulizer. 

55  The  preferred  embodiment  of  this  invention  will 
be  described  by  way  of  example,  with  reference  to 
the  drawings  accompanying  this  specification  in 
which: 
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FIG.  1  is  a  front  perspective  elevational  view  of 
the  present  nebulizer  heater  shown  connected  to 
a  nebulizer; 
FIG.  2  is  a  sectional  view  taken  along  the  line  2- 
2  of  FIG.  1  and  in  the  direction  generally  in- 
dicated; 
FIG.  3  is  a  sectional  view  taken  along  the  line  3- 
3  of  FIG.  2  and  in  the  direction  generally  in- 
dicated; 
FIG.  4  is  a  schematic  diagram  of  the  electronic 
circuit  used  to  operate  the  heater  of  FIG.  1; 
FIG.  5  is  a  diagrammatic  representation  of  a 
respiratory  nebulizer  system  shown  connected 
to  a  patient  and  employing  the  present  nebulizer 
heater; 
FIG.  6  is  a  vertical  sectional  view  of  an  alternate 
embodiment  of  the  nebulizer  heater  of  the  in- 
vention; 
FIG.  7  is  a  sectional  view  taken  along  the  line  7- 
7  of  FIG.  6  and  in  the  direction  generally  in- 
dicated; 
FIG.  8  is  a  fragmentary  front  elevational  view  of 
the  nebulizer  heater  illustrated  in  FIG.  6; 
FIG.  9  is  a  diagrammatic  representation  of  a 
respiratory  nebulizer  system  shown  connected 
to  a  patient  and  employing  the  nebulizer  heater 
of  FIG.  6;  and 
FIG.  10  is  a  schematic  diagram  of  the  electronic 
circuit  used  to  operate  the  heater  of  FIG.  6. 

Referring  now  to  FIG.  1,  the  nebulizer  heater  of 
the  invention  is  indicated  generally  at  10.  The  heat- 
er  10  is  shown  connected  to  a  conventional 
nebulizer  indicated  generally  at  12.  The  nebulizer 
12  includes  a  container  14  for  a  supply  of  sterile 
water  or  other  therapeutic  liquid,  an  axially  rotat- 
able  coupler  16  for  a  conventional  oxygen  flow 
meter  which  delivers  pressurized  oxygen,  and  a 
mixing  chamber  18  into  which  liquid  from  the  con- 
tainer  14  is  drawn  via  a  Venturi  effect. 

Once  in  the  chamber  18,  the  liquid  is  mixed 
with  oxygen  introduced  through  the  coupler  16  and 
also  with  air  entering  through  an  adjustable  opening 
19  to  form  an  aerosol  mist,  and  is  forced  under 
pressure  through  a  tubular  outlet  20  as  is  known  in 
the  art.  The  nebulizer  12  is  preferably  equipped 
with  an  axially  rotatable  collar  22  for  controlling  the 
amount  of  air  entering  the  chamber  18  through  the 
opening  19.  This  air  is  used  to  dilute  the  oxygen  to 
form  a  therapeutically  beneficial  aerosol.  It  will  be 
understood  that  the  container  14,  the  coupler  16, 
the  mixing  chamber  18  and  the  outlet  20  are  in 
fluid  communication  with  each  other. 

Referring  now  to  FIGs.  1-3,  the  nebulizer  heat- 
er  10  is  provided  with  an  outer  housing  24,  which 
in  the  preferred  embodiment  is  manufactured  of 
high  impact  plastic.  The  housing  24  has  an  inlet 
end  26  and  an  outlet  end  28,  the  inlet  end  having  a 
port  30  and  the  outlet  end  having  a  port  32.  The 

two  ports  30,  32  are  separated  by  a  central  cham- 
ber  34  and  are  in  fluid  communication  with  each 
other  through  the  chamber. 

The  inlet  end  port  30  is  dimensioned  to  slide 
5  over  the  nebulizer  outlet  20  with  a  friction  fit,  and 

may  include  an  inner  shoulder  35  which  serves  as 
a  stop  for  the  nebulizer  outlet.  This  is  the  major 
connection  point  between  the  nebulizer  heater  10 
and  the  nebulizer  12.  As  such,  the  engagement 

io  between  the  inlet  port  30  and  the  nebulizer  outlet 
20  must  be  secure,  and  must  also  position  the 
heater  10  accurately  relative  to  the  nebulizer  12.  In 
cases  where  the  nebulizer  outlet  20  has  an  upwar- 
dly  projecting  mounting  lug  36,  the  inlet  end  port 

is  30  is  preferably  provided  with  a  locating  notch  38 
to  properly  position  the  heater  10  upon  the 
nebulizer  12  in  interlocking  relationship.  The  notch 
38  acts  as  a  keyway  to  mechanically  maintain  a 
vertical  position  of  the  heater  1  0  without  a  separate 

20  locking  mechanism.  The  outlet  end  port  32  is 
dimensioned  to  slidingly  accommodate  an  end  40 
of  a  length  of  respiratory  tubing  42,  which  is  shown 
as  being  of  the  corrugated  type. 

The  central  chamber  34  of  the  housing  24 
25  encloses  a  heating  element  44,  which  in  the  pre- 

ferred  embodiment  is  an  elongate  heating  coil 
made  of  Enconal-type  shielded  wire.  The  coil  44  is 
centrally  located  within  the  chamber  34  and  is 
preferably  coaxial  with  the  ports  30,  32.  A  tubular 

30  heat  sink  46,  preferably  made  of  stainless  steel, 
surrounds  the  coil  44,  and  a  cylindrical  insulator 
barrel  48  defines  a  heating  chamber  49  around  the 
heat  sink  46  and  within  the  chamber  34. 

The  barrel  48  is  preferably  manufactured  of 
35  TEFLON  or  other  heat  resistant  material,  and  is 

dimensioned  so  that  the  chamber  49  has  a  diam- 
eter  which  generally  corresponds  to  the  diameter  of 
the  inlet  and  outlet  end  ports  30,  32.  The  respec- 
tive  ends  50,  51  of  the  barrel  48  each  have  a 

40  peripheral  recess  52  on  inner  edges  thereof  which 
is  configured  to  sealingly  engage  an  inwardly  pro- 
jecting  annular  flange  53  located  at  each  end  of  the 
chamber  49.  In  this  manner,  heat  is  retained  within 
the  chamber  49  and  the  housing  24  is  protected 

45  from  overheating. 
A  pair  of  diametrically  opposed  stainless  steel 

screws  54  pass  through  the  insulating  barrel  48 
into  the  heat  sink  46  to  secure  the  heat  sink  46  in 
position  relative  to  the  barrel  as  well  as  to  the 

50  chamber  49.  A  safety  crossbar  56  is  fixed  to  the 
housing  24  at  each  end  of  the  chamber  49  to 
prevent  individuals  from  contacting  the  coil  44,  the 
heat  sink  46,  or  the  barrel  48. 

Referring  now  to  FIG.  1,  the  nebulizer  heater 
55  10  further  includes  a  control  module  58  integrally 

joined  to  a  lower  portion  of  the  housing  24.  The 
module  58  is  provided  with  a  small  control  panel 
60  which  includes  an  on/off  power  switch  62,  a 

3 
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power  indicator  light  64,  a  heater  indicator  light  66, 
and  the  control  actuator  portion  of  a  potentiometer 
68  calibrated  for  a  specified  temperature  range.  If 
desired,  the  control  panel  60  may  include  a  digital 
temperature  display  70. 

Referring  now  to  FIG.  2,  associated  with  the 
control  module  58  is  a  thermostat  72  mounted  in 
close,  operational  proximity  to  the  heat  sink  46,  and 
which  is  designed  to  cut  the  flow  of  current  to  the 
coil  44  when  the  temperature  reaches  approxi- 
mately  130°  F.  In  this  manner,  the  heater  10  is 
prevented  from  overheating,  and  the  patient  is  as- 
sured  of  receiving  properly  heated  aerosol  having  a 
sufficient  moisture  content. 

In  addition,  the  heater  10  has  a  thermistor  74 
disposed  in  the  outlet  end  port  32  to  measure  the 
temperature  of  the  aerosol  as  it  leaves  the  heating 
chamber  49.  In  the  preferred  embodiment,  the  ther- 
mistor  74  is  capable  of  measuring  temperatures  in 
the  range  of  115-120°  F. 

In  order  to  prevent  the  operation  of  the  heater 
10  when  it  is  improperly  connected  to  the  nebulizer 
12,  the  control  module  58  is  provided  with  a  push 
button-type  momentary  safety  switch  76  on  a  rear 
side  78  of  the  module.  The  switch  76  is  positioned 
upon  the  heater  10  to  contact  and  be  depressed  by 
the  container  14  when  the  heater  is  properly  con- 
nected  to  the  nebulizer  12.  If  an  improper  or  inad- 
equate  connection  is  made,  the  switch  76  will  not 
be  depressed,  and  current  will  not  be  allowed  to 
flow  through  the  coil  44. 

Referring  now  to  FIG.  4,  a  schematic  repre- 
sentation  is  provided  of  the  heater  control  circuit  80 
used  in  the  control  module  58  to  operate  the  heater 
10.  The  heater  control  circuit  80  includes  the  power 
switch  62,  the  power  indicator  light  64,  e.g.  an 
L.E.D.,  the  heating  coil  44,  a  temperature  controller 
81,  the  heater  indicator  light  66,  e.g.  an  L.E.D.,  the 
thermostat  72,  the  safety  switch  76,  a  thermal  fuse 
83,  and  an  aerosol  temperature  sensing  device, 
here  the  thermistor  74. 

A  power  plug  82,  connected  to  a  typical  120 
VAC  or  possibly  a  220  VAC  power  line  from  a  wall 
socket,  provides  electric  power  to  the  heater  con- 
trol  circuit  80.  The  line  terminal  of  the  120  VAC  line 
provides  power  through  the  safety  switch  76,  the 
thermal  fuse  83,  the  thermostat  72,  and  the  power 
switch  62,  to  the  temperature  controller  81  and  the 
power  indicator  light  64.  The  neutral  terminal  of  the 
120  VAC  power  plug  82  connects  to  one  end  of  the 
heating  coil  44,  the  heater  indicator  light  66,  the 
power  indicator  light  64,  and  the  temperature  con- 
troller  81.  The  earth  ground  terminal  of  the  120 
VAC  power  plug  82  couples  to  the  case  of  the 
temperature  controller  81  and  the  heat  sink  46 
surrounding  the  heating  coil  44.  The  output  line  of 
the  temperature  controller  81  connects  both  to  the 
heater  indicator  light  66  and  the  other  end  of  the 

coil  44.  Finally,  one  sensing  line  of  the  temperature 
controller  81  couples  to  a  first  end  of  the  thermistor 
74.  A  second  sensing  line  couples  to  a  second  end 
of  the  thermistor  74. 

5  It  will  be  evident  that  the  power  switch  62  and 
the  safety  switch  76  are  connected  in  series 
through  the  thermostat  72  so  that  both  must  be 
activated  before  the  coil  44  will  receive  power  via 
the  temperature  controller  81.  The  power  indicator 

io  light  64  indicates  when  the  power  is  on,  but  not 
whether  or  not  the  coil  44  is  receiving  current. 

The  temperature  controller  81  is  selected  to  be 
of  the  type  of  AC  proportional  temperature  control- 
ler  Model  5C1-40  available  from  Oven  Industries, 

is  Inc.  located  in  Mechanicsburg,  Pennsylvania, 
17055,  but  may  be  any  suitable  current  or  voltage 
controller,  which  will  provide  adjustment  of  power 
to  heat  the  coil  44  in  the  range  of  115-120°  F.  This 
is  the  optimum  temperature  of  the  aerosol  as  it 

20  leaves  the  outlet  end  port  32,  and  is  set  relatively 
high  to  accommodate  heat  loss  which  has  been 
found  to  occur  along  a  four  to  six  foot  length  of 
respiratory  tubing  42  (best  seen  in  FIG.  5).  The 
temperature  controller  81  may  accommodate  a 

25  load  current  of  up  to  3  amperes.  If  a  220  VAC 
power  source  is  used  instead  of  a  120  VAC,  the 
temperature  controller  may  be  of  the  type  Model 
5C1-46  also  available  from  Oven  Industries,  Inc. 

Power  to  the  coil  44  is  controlled  by  the  tem- 
30  perature  controller  81  through  adjustment  of  the 

potentiometer  68  which  is  an  internal  component  of 
the  temperature  controller.  The  heater  indicator 
light  66  will  be  illuminated  only  when  the  coil  is 
being  heated.  The  power  indicator  light  64  and  the 

35  heater  indicator  light  66  are  L.E.D.s  of  the  Archer 
brand  type,  part  numbers  in  the  272-700  series, 
and  are  available  from  Radio  Shack.  However,  any 
other  suitable  light  sources  may  also  be  used. 
These  L.E.D.'s  64,  66  contain  resistive  elements 

40  (not  shown)  to  limit  current  flow  through  the 
L.E.D.'s.  The  thermal  fuse  83  interposed  between 
the  safety  switch  76  and  the  thermostat  72  will 
prevent  power  from  being  applied  to  the  circuit 
when  the  temperature  in  the  thermal  fuse  exceeds 

45  approximately  243  °  F.  The  thermal  fuse  is  a  ther- 
mal  cut-off  type,  Model  D115,  available  from  Elm- 
wood  Sensors  Inc.,  Pawtucket,  Rhode  Island. 

The  thermistor  74  is  disposed  in  the  outlet  end 
port  32  to  measure  the  temperature  of  the  aerosol 

50  as  it  leaves  the  heater  10.  When  the  thermistor  74 
senses  temperatures  exceeding  120°  F,  the  tem- 
perature  controller  81  reduces  power  to  the  coil  44 
until  the  temperature  falls  within  the  desired  range, 
whereafter  the  temperature  controller  again  pro- 

55  vides  power  to  the  coil  44. 
The  thermostat  72  is  set  so  that  the  tempera- 

ture  around  the  heat  sink  46  will  not  exceed  130  °  F. 
If  the  temperature  reaches  that  limit,  the  thermostat 

4 
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72  will  interrupt  current  flow  the  coil  44. 
Referring  now  to  FIG.  5,  test  results  of  the 

heater  10  of  the  invention  have  shown  that  with  a 
tube  42  of  a  length  in  the  range  of  four  to  six  feet, 
and  with  the  temperature  of  the  aerosol  leaving  the 
outlet  end  port  32  of  115  to  120°  F,  a  patient  90 
wearing  a  face  mask  92  connected  to  the  end  94  of 
the  tube  42  opposite  the  end  40  will  receive  an 
aerosol  having  a  temperature  in  the  range  of  94  ± 
3  °  F.  This  is  an  acceptable  temperature  range  for 
therapeutic  purposes,  and  the  patient  receives  an 
aerosol  which  is  not  desiccated. 

In  operation,  the  heater  10  is  operationally  en- 
gaged  with  the  nebulizer  12  so  that  the  inlet  end  26 
matingly  engages  the  nebulizer  outlet  20,  and  the 
safety  switch  76  is  depressed  against  the  container 
14.  Once  the  power  cord  is  plugged  in  a  conven- 
tional  wall  outlet  (not  shown),  the  power  switch  62 
is  actuated,  and  the  indicator  light  64  is  illuminated. 
Next,  the  potentiometer  68  is  set  at  a  desired 
temperature,  depending  on  the  length  of  the  tube 
42. 

Oxygen  and  air  are  mixed  with  water  from  the 
container  14  in  the  nebulizer  12  to  form  an  aerosol 
which  is  forced  through  the  outlet  20  into  the  inlet 
port  30  of  the  nebulizer  heater  10.  The  aerosol  is 
forced  into  the  heating  chamber  49,  where  the 
temperatures  of  the  heating  coil  44  and  the  heat 
sink  46  are  monitored  by  the  thermostat  72.  If  the 
temperature  rises  too  high,  the  thermostat  cuts 
current  flow  to  the  coil  44,  and  the  indicator  light  66 
goes  out,  alerting  medical  personnel  that  the  heater 
is  temporarily  not  heating. 

The  aerosol  becomes  heated  in  the  chamber 
49  and  is  forced  through  the  outlet  port  32,  where 
the  thermistor  74  measures  its  temperature.  If  the 
temperature  of  the  aerosol  is  outside  the  previously 
specified  limits,  the  thermistor  74  acts  through  the 
potentiometer  68  to  control  the  coil  44. 

Referring  now  to  FIGs.  6-10,  an  alternate  em- 
bodiment  of  the  present  nebulizer  heater  10  is 
indicated  generally  at  100.  Those  components  of 
the  heater  100  which  are  identical  to  those  of  the 
heater  10  have  been  designated  with  identical  ref- 
erence  numerals.  Externally,  the  heater  100  is  quite 
similar  to  the  heater  10,  and  is  connected  between 
the  nebulizer  12  and  the  respiratory  tubing  42  in 
the  same  manner  (best  seen  in  FIG.  9). 

To  facilitate  assembly,  a  housing  102  includes 
a  closed  end  104,  shown  on  the  left  in  FIG.  6,  and 
an  open  end  106,  shown  on  the  right  in  FIG.  6.  A 
heating  chamber  end  plate  108  is  dimensioned  to 
enclose  the  upper  portion  110  of  the  housing, 
which  is  separated  from  the  lower  portion  112 
(shown  partially)  by  a  dividing  wall  114.  The  heat- 
ing  chamber  end  plate  108  has  a  reduced  inner 
peripheral  edge  116  which  frictionally  engages  and 
nests  within  the  open  upper  portion  110. 

End  plate  108  also  includes  a  radially  extend- 
ing  lip  118  which  abuts  the  edge  of  the  open  end 
106.  A  lower  end  plate  120  encloses  the  lower 
portion  112  of  the  housing  102  and  includes  an 

5  upper  edge  122  which  overlaps  the  radially  extend- 
ing  lip  118  to  more  securely  retain  the  upper  end 
plate  108  upon  the  housing  102,  and  to  prevent 
moisture  from  entering  the  lower  portion  112  from 
the  upper  portion  110.  Basically,  the  upper  portion 

io  110  encloses  the  central  chamber  34,  and  the 
lower  portion  112  encloses  the  electronic  compo- 
nents  which  operate  and  monitor  the  performance 
of  the  heater  100.  To  further  seal  the  upper  portion 
110  against  moisture  leakage,  a  coating  of  silicone 

is  or  other  sealant  may  be  applied  liberally  around 
the  inside  surface  of  the  upper  portion  of  the  hous- 
ing  102,  and  at  the  contact  point  of  the  end  plate 
108  with  the  open  end  106. 

Inside  the  central  chamber  34  is  found  the 
20  cylindrical  insulator  barrel  48,  which  defines  the 

heating  chamber  49.  Instead  of  the  coil  44  and  the 
tubular  heat  sink  46  of  the  heater  10,  the  heater 
100  includes  a  heating  element  in  the  form  of  a 
"braided"  coil  124.  The  coil  124  is  basically  tubular 

25  in  shape,  with  each  winding  of  preferably  Enconal 
coated  wire  having  a  slightly  different  diameter 
than  the  next  adjacent  winding,  as  seen  in  FIG.6. 
The  result  of  this  winding  arrangement  is  that  the 
coil  124  assumes  a  "braided"  or  "basket  weave" 

30  appearance  as  seen  from  the  end  or  in  section 
(best  seen  in  FIG.  7),  wherein  substantially  the 
entire  surface  area  of  the  windings  forming  the  coil 
is  exposed  to  the  flow  of  aerosol  passing  through 
the  chamber  49.  Also,  aerosol  may  pass  through 

35  openings  126  created  by  the  winding  pattern  of  the 
coil  124.  The  coil  124  is  frictionally  secured  within 
the  cylindrical  insulator  barrel  48,  preferably  by  the 
largest  diameter  windings  128. 

Another  difference  between  the  heater  10  and 
40  the  heater  100  is  that  the  thermostat  72  has  been 

replaced  by  a  second  thermistor  130,  which  con- 
tacts  the  coil  124  through  an  opening  132  in  the 
barrel  48.  The  second  thermistor  130  is  used  to 
monitor  the  temperature  of  the  coil  124. 

45  Also,  the  first  thermistor  74  has  been  moved 
from  its  prior  position  in  the  outlet  end  port  32,  to  a 
new  location  at  the  end  94  of  the  length  of  respira- 
tory  tubing  42  which  is  proximate  the  patient  90 
(best  seen  in  FIG  9).  In  this  manner,  the  tempera- 

50  ture  of  the  aerosol  upon  receipt  by  the  patient  may 
be  more  accurately  monitored  and  maintained  for 
optimum  therapeutic  results.  For  use  in  its  new 
location,  the  thermistor  74  is  adjusted  or  selected 
to  monitor  temperatures  in  the  general  range  of 

55  90°-100°F. 
Referring  now  to  FIGs.  8  and  10,  the  lower 

portion  112  of  the  housing  102  is  designed  to 
enclose  the  electronic  circuit,  generally  designated 

5 



9 EP  0  567  942  A1 10 

140,  which  operates  the  heater  100.  The  circuitry 
140  includes  some  of  the  components  of  the  heater 
control  circuit  80  of  the  heater  10,  and  those  com- 
ponents  will  be  designated  with  identical  reference 
numerals. 

From  the  exterior  of  the  housing  102  as  seen  in 
FIG.  8,  a  major  difference  between  the  heater  10 
and  the  heater  100  is  that  the  temperature  control- 
ler  81  of  heater  10  has  been  replaced  by  a  pair  of 
upper  and  lower  digital  control  pad  switches  142, 
144,  respectfully.  The  pads  142,  144  are  used  to 
adjust  the  temperature  of  the  aerosol  reaching  the 
patient,  which  is  displayed  on  the  digital  tempera- 
ture  display  70. 

Referring  now  to  FIG.  10,  a  schematic  repre- 
sentation  is  provided  of  the  heater  control  circuit 
140  used  in  the  lower  portion  112  of  the  housing 
102  to  operate  the  heater  100.  The  circuit  140 
includes  several  components  which  are  also  found 
in  the  circuit  80  of  the  heater  10,  namely  the  power 
switch  62,  the  power  indicator  light  64  (best  seen  in 
FIG.  8),  the  heater  indicator  light  66,  the  latter  two 
preferably  being  L.E.D.'s,  the  safety  switch  76,  the 
power  plug  82,  the  thermal  fuse  83,  and  the  first 
thermistor  74.  The  circuit  140  further  includes  the 
"braided"  coil  124  and  the  second  thermistor  130. 

More  specifically,  the  power  plug  82  is  con- 
nected  to  a  typical  120  VAC  or  220  VAC  power  line 
from  a  wall  socket  and  provides  power  through  the 
thermal  fuse  83,  a  circuit  breaker  146  and  the 
safety  switch  76.  The  power  switch  62  controls  the 
flow  of  power  to  a  transformer  148  which  provides 
isolation  from  the  power  line  and  reduces  the  volt- 
age  to  a  lower  level  which  is  then  rectified  by  a 
bridge  150.  The  rectified  voltage  is  filtered  and 
regulated  by  a  voltage  regulator  152  and  its  asso- 
ciated  capacitors  154  and  156. 

A  major  component  of  the  circuit  140  is  a 
microprocessor  158  which  includes  a  4MHz  crystal 
160,  and  requires  four  inputs  to  perform  its  tem- 
perature  controlling  operation.  The  preferred  micro- 
processor  is  sold  by  Microchip,  Inc.,  Chandler, 
Arizona,  under  Part  No.  PIC16C55. 

Input  to  the  microprocessor  158  is  provided  in 
part  by  the  first  and  second  thermistors,  74  and 
130  respectively,  which  along  with  a  10.0K,  1% 
reference  resistor  162  and  a  0.1  u.fd  capacitor  164 
allow  the  microprocessor  to  sense  both  the  tem- 
perature  of  the  coil  124  as  well  as  the  final  aerosol 
temperature  measured  proximate  to  the  patient  90. 
The  thermistors  74,  130  act  like  variable  resistors, 
and  the  sensed  temperature  values  are  obtained  by 
the  microprocessor  comparing  the  rates  of  charg- 
ing  the  capacitor  164  of  each  of  the  thermistors 
with  the  rate  of  charging  required  by  the  reference 
resistor  162.  The  microprocessor  158  then  uses  a 
translation  routine  to  translate  the  capacitor  charg- 
ing  rate  readings  into  temperatures. 

The  digital  pad  switches  142,  144  provide  the 
remaining  two  inputs  to  the  microprocessor,  and 
allow  the  operator  to  change  the  target  temperature 
of  the  aerosol  received  by  the  patient  as  sensed  by 

5  the  thermistor  74,  and  also  indicated  by  the  display 
70.  The  microprocessor  158  is  programmed  to 
periodically  scan  the  switches  142,  144  to  deter- 
mine  whether  a  change  in  target  temperature  is 
being  made. 

io  Outputs  of  the  microprocessor  158  include  a 
piezoelectric  beeper  166  which  emits  two  levels  of 
audible  alarm,  a  first  low  volume  steady  alarm 
when  the  measured  temperature  at  the  patient  falls 
a  specified  amount  from  the  target  temperature, 

is  and  a  louder,  pulsing  alarm  when  the  measured 
temperature  rises  a  specified  amount  above  the 
target  temperature.  In  the  preferred  embodiment, 
the  specified  range  of  alarm-inducing  temperatures 
is  approximately  ±  4  °  of  the  target  temperature. 

20  Another  output  of  the  microprocessor  158  is 
the  L.E.D.  66,  which  displays  a  visual  "temperature 
out  of  range"  alarm  when  the  specified  range  either 
side  of  the  target  temperature  is  exceeded.  A  fur- 
ther  output  is  the  L.E.D.  display,  generally  indi- 

25  cated  at  70,  which  preferably  includes  display 
modules  168  and  170,  having  a  corresponding 
drive  circuitry.  The  drive  circuitry  includes  a  pair  of 
1K  resistors  172  and  174,  seven  51  OK  resistors 
designated  176  a-g  and  a  pair  of  N-P-N  transistors 

30  178,  180. 
The  final  output  of  the  microprocessor  158  is 

the  control  signal  that  turns  on  the  coil  124.  This 
output  includes  an  optocoupler  182,  preferably  of 
the  type  sold  by  Motorola,  Inc.,  Schaumburg,  II- 

35  linois,  as  Part  No.  MOC3043,  and  an  optically 
coupled  triac  184,  which  is  preferably  of  the  type 
sold  by  Texas  Instruments,  Dallas,  Texas  as  Part 
No.  TIC2530.  The  triac  184  is  in  series  with  the 
heater  coil  124.  The  use  of  the  optocoupler  182  in 

40  conjunction  with  the  transformer  148  used  for  pow- 
er  supply  creates  an  isolation  barrier  which  pro- 
tects  the  microprocessor  158  and  the  thermistors 
74,  130  from  being  potential  shock  hazards. 

In  operation,  once  the  circuit  140  is  installed 
45  into  the  lower  portion  112  of  the  housing  102  and 

connected  to  the  heater  coil  124,  the  end  plates 
108,  120  are  secured  over  the  open  end  106  with 
threaded  fasteners  (not  shown)  or  other  releasable 
fastening  devices  as  are  known  in  the  art.  The 

50  interior  of  the  upper  portion  110  of  the  housing  is 
coated  with  silicone  or  other  durable,  heat  resistant 
sealant  to  prevent  the  leakage  of  moisture  into  the 
lower  portion  112. 

Once  assembled  and  connected  to  the 
55  nebulizer  12  as  described  above  in  relation  to  the 

heater  10,  the  heater  100  operates  in  the  following 
manner.  The  power  switch  62  is  turned  on,  which 
causes  the  display  70  to  flash,  requesting  the  oper- 

6 
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ator  to  select  a  target  temperature.  This  task  is 
accomplished  through  the  use  of  the  upper  and 
lower  pad  switches  142,  144.  Once  set,  the  dis- 
played  temperature  ceases  flashing  and  remains 
constantly  on. 

At  the  same  time,  the  microprocessor  158 
sends  current  to  the  coil  124  to  allow  it  to  heat  up. 
While  this  initial  heating  proceeds,  the  micropro- 
cessor  158,  through  the  thermistor  130,  monitors 
the  rate  at  which  the  coil  124  is  heating  up  in 
°  F/msec.  If  this  rate  exceeds  a  specified  maximum 
rate,  the  power  to  the  coil  124  is  cut  off  until  the 
coil  cools  somewhat,  after  which  time  the  coil  is 
reheated.  In  this  manner,  unwanted  spiking  of  the 
heater  coil  124  is  prevented. 

Once  the  heater  coil  124  generates  sufficient 
heat  to  be  received  by  the  patient  90,  the  ther- 
mistor  74  begins  monitoring  of  the  aerosol  tem- 
perature  at  this  location.  Ideally,  the  aerosol  tem- 
perature  near  the  patient  should  remain  relatively 
constant  at  the  target  temperature.  However  sev- 
eral  variables,  including  the  temperature  of  the 
room,  the  length  of  the  connector  tube  42,  the 
amount  of  moisture  in  the  aerosol,  among  other 
things,  combine  to  effect  the  aerosol  temperature 
perceived  by  the  patient,  either  by  raising  or  lower- 
ing  the  temperature.  Conventional  aerosol  heating 
devices  either  turn  on  or  shut  off  the  heating  coil, 
which  often  leads  to  relatively  large  variations  in 
aerosol  temperature. 

To  avoid  such  overheating  or  underheating,  the 
present  microprocessor  158  slows  the 
heating/cooling  cycle  time  and  monitors,  through 
the  thermistors  74  and  130,  respectively,  both  the 
patient's  aerosol  temperature,  as  well  as  the  coil 
temperature.  Sixteen  set  points  are  included  in  the 
microprocessor  158,  and  these  are  assigned  tem- 
perature  values  which  are  relatively  equally  spaced 
between  a  base  set  point  of  100°F  and  a  maxi- 
mum  set  point  of  250  °F.  The  microprocessor  158 
checks  the  thermistor  74  for  a  temperature  reading. 
If  the  temperature  is  too  cold,  the  coil  is  set  at  the 
highest  point,  e.g.  250°,  and  remains  at  that  set- 
ting  until  the  thermistor  74  reads  the  target  tem- 
perature,  such  as  98  °  F.  At  that  point,  the  heater 
coil  124  is  then  set  at  the  base  set  point  of  100°F 
to  cool  until  the  temperature  drops  below  the  target 
temperature. 

The  microprocessor  158  then  remonitors  the 
thermistor  74,  and  gradually  brackets  in  the  target 
temperature  between  progressively  closer  set 
points,  i.e.,  110°F  for  the  base  set  point,  and 
240  °  F  as  a  maximum  set  point,  then  120  °  F  for  the 
base  set  point  and  210  °F  for  the  maximum,  etc.,  to 
maintain  a  fairly  constant  target  temperature  read- 
ing  with  minimum  temperature  fluctuation  of  the 
heater  coil  124.  In  this  manner,  spiking,  overheating 
or  underheating  are  prevented. 

As  a  safety  feature  for  the  heater  100,  should 
the  monitored  temperature  at  the  patient  exceed  a 
specified  safety  range  of,  for  example,  4  degrees 
either  side  of  the  target  temperature,  a  protective 

5  measure  is  automatically  taken.  If  the  temperature 
is  excessively  above  the  target  temperature,  the 
power  to  the  coil  124  is  temporarily  shut  off  by  the 
microprocessor  until  the  monitored  temperature  de- 
creases  to  the  target  temperature.  At  that  time,  the 

io  heater  coil  will  be  turned  back  on. 
On  the  contrary,  if  the  monitored  temperature 

falls  excessively  below  the  target  temperature,  the 
microprocessor  158  is  programmed  to  reset  the 
cycle  as  if  the  heater  100  had  just  been  turned  on. 

is  In  other  words,  the  heater  initially  heats  up  to  a 
maximum  temperature  of  250  °  F,  then  cools  down 
to  a  base  temperature  of  100  °  F,  etc. 

Another  safety  feature  of  the  heater  100  is  the 
provision  of  the  audible  piezoelectric  beeper  alarm 

20  166.  If  the  sensed  temperature  falls  below  the 
specified  lower  limit,  a  mild  audible  alarm  signal  is 
emitted.  However,  if  the  sensed  temperature  rises 
above  the  specified  upper  limit,  the  alarm  166 
emits  a  more  aggressive  audible  alarm  signal. 

25  Yet  another  feature  of  the  present  heater  100  is 
that  when  the  target  temperature  requires  chang- 
ing,  the  operator  will  push  the  appropriate  switching 
pad  142,  144  to  reset.  Upon  the  initial  actuation  of 
the  pad  142  or  144,  the  display  70  begins  flashing 

30  and  will  remain  flashing  for  approximately  two  sec- 
onds.  At  the  expiration  of  the  two  second  interval, 
the  display  70  will  revert  to  the  temperature  sensed 
by  the  thermistor  74. 

Accordingly,  the  nebulizer  heater  of  the  inven- 
35  tion  accurately  and  safely  provides  a  heated 

aerosol  to  a  respiratory  patient  by  heating  the 
aerosol  subsequent  to  its  nebulization.  A  control 
system  monitors  the  heated  aerosol  and  controls 
the  heater  accordingly  to  maintain  the  aerosol  with- 

40  in  specified  temperature  parameters.  A  temperature 
sensor  is  located  proximate  to  the  point  at  which 
the  patient  receives  the  aerosol  to  ensure  that  the 
patient  receives  properly  heated  aerosol.  The  sen- 
sor  provides  feedback  signals  to  the  temperature 

45  control  system,  which  adjusts  the  temperature  of 
the  heater  coil  to  prevent  spiking,  underheating  or 
overheating  of  the  aerosol. 

While  particular  embodiments  of  the  aerosol 
nebulizer  heater  of  the  invention  have  been  shown 

50  and  described,  it  will  be  appreciated  by  those 
skilled  in  the  art  that  changes  and  modifications 
may  be  made  thereto  without  departing  from  the 
invention  in  its  broader  aspects  and  as  set  forth  in 
the  following  claims. 

55 
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Claims 

1.  A  heater  (10)  for  use  with  a  respiratory 
nebulizer  (12)  producing  a  pressurized  aerosol, 
characterized  by: 

a  housing  (24)  having  an  inlet  end  (26)  and 
an  outlet  end  (28),  each  of  said  ends  having  a 
respective  port,  said  inlet  end  port  (30)  and 
said  outlet  end  port  (32)  being  in  fluid  commu- 
nication  with  each  other; 

said  inlet  end  port  (30)  being  configured 
for  fluid  communication  with  the  nebulizer  (1) 
so  as  to  receive  the  aerosol  upon  connection 
of  said  housing  (24)  to  the  nebulizer  (12);  and 

means  for  heating  the  aerosol  as  the 
aerosol  passes  through  said  housing  (24)  and 
out  said  outlet  end  port  (32),  said  means  for 
heating  including  a  tubular  heating  chamber 
(18)  having  a  tubular  heating  element  (44,  46) 
with  multiple  heated  surfaces  disposed  in  said 
chamber  (18)  so  that  aerosol  passing  through 
said  chamber  (18)  directly  contacts  said  heat- 
ed  surfaces. 

2.  A  heater  according  to  claim  1  characterized  in 
that  said  means  for  heating  includes  a  tubular 
coil  (44). 

3.  A  heater  according  to  claim  1  ,  characterized  in 
that  said  means  for  heating  comprises  a  coil 
(124)  defined  by  a  plurality  of  windings  of 
different  diameters  which  create  multiple  open- 
ings  (126)  for  the  flow  of  aerosol  therethrough. 

4.  A  heater  according  to  claims  2  or  3,  character- 
ized  by  an  insulating  barrel  (48)  surrounding 
said  coil  (44,  124)  to  define  said  heating  cham- 
ber  (49). 

5.  A  heater  according  to  anyone  of  claims  1  ,  2,  3 
or  4  characterized  by  control  means  (58)  for 
controlling  the  flow  of  current  from  an  electrical 
power  source  to  said  tubular  heating  element 
(44,  46). 

6.  A  heater  according  to  claim  5,  characterized  in 
that  said  control  means  (58)  includes  a  thermo- 
stat  (72)  for  monitoring  the  temperature  of  said 
heating  element  (44,  46). 

7.  A  heater  according  to  claims  5  or  6  character- 
ized  in  that  said  control  means  includes  outlet 
end  port  sensing  means  (74,  130)  for  sensing 
the  temperature  of  heated  aerosol  emitted  from 
said  outlet  end  port. 

8.  A  heater  according  to  claim  7,  characterized  in 
that  said  outlet  end  port  sensing  means  (74)  is 

disposed  in  a  connecting  tube  (42)  proximate 
to  a  point  at  which  the  patient  (90)  receives  the 
aerosol. 

5  9.  A  heater  according  to  any  on  of  claims  1  to  8 
inclusive,  characterized  by  a  safety  switch  (76) 
disposed  on  said  housing  (24)  to  control  the 
flow  of  electrical  current  passing  to  said  heat- 
ing  element. 

10 
10.  A  heater  according  to  any  one  of  the  preced- 

ing  claims,  characterized  by  indicating  means 
for  indicating  when  said  heating  element  is 
heating  the  aerosol  (64,  66). 

15 
11.  A  heater  according  to  claims  5,  6  or  7,  char- 

acterized  in  that  said  control  means  is  ar- 
ranged  to  adjust  the  amount  of  heat  emitted  by 
the  heating  element  in  response  to  signals 

20  generated  by  temperature  sensing  means  (74) 
located  proximate  to  the  patient. 

12.  A  heater  according  to  claim  11,  characterized 
in  that  said  control  means  is  further  arranged 

25  to  repeatedly  monitor  said  temperature  sensing 
means  and  to  bracket  the  amount  of  heat  gen- 
erated  by  the  heating  element  between  pro- 
gressively  closer  base  and  maximum  tempera- 
tures. 

30 
13.  A  heater  according  to  any  one  of  the  preced- 

ing  claims,  characterized  in  that  said  housing 
includes  a  locating  formation  (38)  for  securely 
and  accurately  positioning  said  heater  (10) 

35  upon  the  nebulizer  (12). 
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