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R e f r i g e r a t i n g  A p p a r a t u s  f o r  M e d i c a l  U s e  

C r y o t h e r a p y  a n d  c ryosu rge ry  h a v e  p r o v e d  to  be  one 
of t he  m o s t  i m p o r t a n t  a n d  p ron l i s ing  fields of r e sea rch  
and  d e v e l o p m e n t  in  r ecen t  years .  Var ious  m e a n s  are 
a l r e ady  k n o w n  for  o b t a i n i n g  e x t r e m e l y  low t e m p e r a t u r e s  
a t  t h e  t ip  of i n s t r u m e n t s  t h a t  can  be  m a n i p u l a t e d  to  
r each  organic  t issues.  T he  degree of cold appl ied  m a y  
also be  va r i ed  ill r e l a t ion  to t he  use be ing  m a d e  of 
i n d i v i d u a l  t echn iques .  I t  has  been  shown  e x p e r i m e n t a l l y  
t h a t ,  a p a r t  f rom special  cases, t i le m o s t  f r e q u e n t l y  em- 
p loyed  t e m p e r a t u r e  is be t w een  - - 7 0 ~  and  - - 1 3 0 ~  

The  e q u i p m e n t  here  descr ibed  is capab le  of r each ing  a 
t e m p e r a t u r e  of - - 8 9 . 7 ~  u n d e r  n o r m a l  a m b i e n t a l  con- 
d i t ions  a n d  of m a i n t a i n i n g  such  a t e m p e r a t u r e  for long 
per iods  a t  a n  e x t r e m e l y  low r u n n i n g  cost.  I t  is v e r y  
c o n v e n i e n t  a n d  prac t ica l ,  as well  as be ing  e x t r e m e l y  
easy  to set  up  a n d  d i sassemble  a f t e r  use. 

Tile u n i t  is k n o w n  as t he  M I N I C R I O  IR 89 and  is 
composed  of 3 m a i n  p a r t s  (see F igu re  1, a) : a) r e f r ige ran t  

source;  b) t u b i n g  for t h e  re f r ige ra t ion  f lu id ;  c) hand-g r ip ,  
w i t h  var ious  sounds  des igned  for d i f fe ren t  fo rms  of 
m a n a g e m e n t .  

The  r e f r i ge ran t  source  consis ts  of a commerc i a l l y  
avai lable ,  i nexpens ive  N~O bo t t l e ;  t h i s  is sold in p o r t a b l e  
con ta ine r s  weigh ing  f rom 2-5 kg. I t  is housed  in a n  
a l u m i n i u m  cradle  (2), t he  f ron t  of which  has  a p ressure  
gauge (3) and  an  a t t a c h m e n t  (4) for t h e  f lexible  t u b e  
lead ing  to t he  hand-gr ip .  U n d e r  n o r m a l  work ing  condi-  
t ions,  t he  work ing  pressure  in  t he  t u b i n g  a n d  h a n d - g r i p  
is f r om 40 to 70 a rm.  

To ensure  t h a t  on ly  t he  l iquid  phase  of t he  N20  is 
used, t he  b o t t l e  m u s t  be  t i l t ed  a t  25 ~ so t h a t  a n y  
u n w a n t e d  res idues  such  as oil or m e t a l  f r a g m e n t s  are  
held  a t  the  lowest  p o i n t  of t he  bot t le .  Ttlis will  usua l ly  
con t a in  a v e r y  smal l  p e r c e n t a g e  of water ,  w h e t h e r  ill 
l iquid  or v a p o u r  form. If  th i s  were al lowed to  r each  t he  
ope ra t i ve  e q u i p m e n t ,  i t  would  freeze a n d  b lock  t he  flow 
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Fig. 1. a) The Unit Minierio R.89 - General Assembly (see text for description). Reduced about 5 times, b) The operating hand- 
grip (1:2 size), e) Different sound which may be fitted to the hand-grip. 
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of N20. To p reven t  this a dehydra t ing  filter is inserted 
immedia te ly  downs t ream from the  bott le .  

The  flexible tube  (6) is made  of a plast ic  mater ia l  
(e.g. Teflon, E r t a lon  or tecalan) unaffected by  the  
chemical  agents normal ly  present  in  N20 or o ther  refri- 
gerant  gases. I t  is ve ry  s t rong bu t  nevertheless  allows 
a ve ry  wide range of m o v e m e n t  while using the  hand-  
grip. I t  is about  11/~ m long. 

The  opera t ing  hand-gr ip  (Figure 1, b) consists of 2 
dis t inct  par t s :  the  holder  (7) and the  refr igerat ing 
sound (8). The  holder  contains  the  most  delicate par ts  of 
the  whole appara tus ;  the  capi l lary tube  (9) and the  
control  va lve  (10). The capi l lary tube  is in stainless steel. 
I t  is about  8-10 cm long and its external  and in ternal  
d iameters  are 0.6 and 0.3 m m  respect ively.  The  cross- 
section of the  th rough  d iamete r  Call be reduced by  the  
insert ion of a 0.05-0.25 m m  spindle. This restr icts  the  
flow of N~O and hence varies the  degree of cold del ivered 
by  the  apparatus .  The control  va lve  (10) is f i t ted  on the  
exhaus t  out le t  and connects  the  front  and the  capi l lary 
tube  wi th  the  outside air. W h e n  this va lve  is opened, the  
pressure downs t ream from the  capi l lary  tube  is lowered. 
The l iquid N20 is allowed to evapora te  and this refri- 
gerates the  immed ia t e ly  surrounding area. 

The  refr igerat ing sound (8) is in stainless steel and m a y  
be of var ious  shapes (Figure 1, c). I t  is f i t ted  into the  
body of t h e  holder  and is so arranged t h a t  the  end of 
the  capi l lary tube  a t  which N~O evapora t ion  takes  place 
is set ve ry  near  (1-2 mm) to its t e rmina l  part .  This  
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Fig. 2. Diagram of a freezing unit with a system for the liquitaction 
of the N20 (see text for description). 

means tha t  i t  becomes rapidly  frozen and will be brought  
to the evapora t ion  t empera tu re  (i.e. - -89 .7~ in a 
m a t t e r  of seconds. The sound is not  usual ly  insulated 
along its length.  W h e n  the  set is used for long periods, 
therefore,  the  t empera tu re  of the  hand-gr ip  will  fall 
considerably.  The holder, however,  is covered wi th  a 
low-bulk layer of insulat ing Tef lon to p reven t  the  danger  
of cold 'burns '  to the  opera tor ' s  hand. The control  va lve  
mus t  be sui tably  regula ted  to p reven t  frost ing of the  
handle.  Since the  sound is not  insulated,  i t  can only be 
used on open t issue;  'Closed-field'  work  requires the  
emp loymen t  of special sounds. These have  an ex t remely  
short  (10 -30mm)  freezing t ip and a long insulat ing 
section. They  are designed to cause extens ive  lesions wi th-  
out  damage  to the  tissue through which t h e y  pass. The  
addi t ion of the  insulat ing mater ia l  is na tura l ly  accom- 
panied by an increase in d iameter  from 2-3 m m  to a 
m a x i m u m  of 6.5 mm.  

I t  will be clear from above description tha t  the appa- 
ratus is ex t remely  easy to use and handle,  as well as 
highly economical  on account  of the  minu te  a m o u n t  
of N20 used dur ing each t rea tment .  Abou t  100 
freezing t rea tments ,  last ing 2.5 min  each, can be 
obta ined f rom a 2.5 kg bott le.  W h e n  the  appara tus  is 
used for long periods, or where considerable quant i t ies  
of l iquid are wi thdrawn,  there  will be a notable  drop in 
pressure in the  bott le .  The init ial  number  of a tmospheres  
can be regained by  switching on the  the rmos ta t i c  hea te r  
resistance f i t ted  under  the  bot t le  in the suppor t  cradle. 
In  this way, the  set can be used unt i l l  the  bo t t le  is 
comple te ly  empty .  

Subsequent development. The reliable per formance  of 
the  set m a y  be enhanced, par t icu la ry  when it  is con- 
s tan t ly  required for use in p ro t rac ted  t r ea tmen t s  in which 
commercia l ly  available,  and hence sufficiently purified, 
gas will be employed,  by  the  insert ion of a sys tem for 
the  l iquifact ion of the  N20 af ter  its wi thdrawal  f rom the  
bot t le  in the  form of gas. This system is described in 
Figure  2. The bot t le  (1) is moun ted  ver t ica l ly  so tha t  
impuri t ies  will fall to the  bo t tom.  Any  water  contained 
in the  N~O sa tura ted  vapour  will be t rapped  by the  
dehydra t ing  filter (2). The  pressure is checked by  means 
of the  gauge (3). Condensat ion of the  sa tura ted  vapour  
takes  place in a coil t igh t ly  wound around the  evapor-  
a tor  (4) of a refr igerat ion group (5). The sa tura ted  vapour  
is not  merely  condensed in the  coil; i t  is also supercooled 
so tha t  the  ensuing fluid can run along a tube  of some 
length  wi thou t  losing its l iquid state.  A sys tem of va lves  
moun ted  at  the  gas discharge poin t  is used to regulate  
the  t empera tu re  a t  the  t ip of the  sound. The  higher  the  
pressure in the  discharge pipe, the  nearer  to zero the 
N~O evapora t ion  t empera tu re  will be at  t i le t ip  of the  
sound and vice versa;  if, on the  o ther  hand, a v a c u u m  
p u m p  is used to ob ta in  a s ta te  of depression in the  
discharge pipe, the  evapora t ion  t empera tu re  will drop 
below --  89.7 ~ 

Riassunto. Si descrive un arnese refr igerante  ad uso 
medico che raggiunge a l l 'es t remit~ della sonda opera- 
toria  la t empe ra tu r a  di - -89 .7  ~ alle normal i  condizioni  
ambiente .  Viene qui  s f ru t t a ta  la cadu ta  di t empera tu ra  
o t t enu ta  dalla evaporazione local izzata  e control la ta  del 
N~O. i~ anche descri t to  un appara to  der ivato,  u t i l izzante  
un s is tema di l iquefazione del N20, che successivamente  
viene fa t to  evaporare  alla es t remit~ della sonda opera-  
toria. 
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