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Normal man regula tes  his internal  t empera tu re  at or near  a constant level  most  
of the t ime despite exposure to a wide range of environmental  t empera tu res .  The 
afferent  or  sensory side of this response  has been a mat te r  of invest igat ion p a r -  
t icular ly  as to the re la t ive  contribution of the t he rmo-sens i t i ve  s t ruc tu res  in the 
skin and in the deep or central  regions of the body. One of the p rob lems  in sepa-  
rat ing the responses  to centra l  and pe r iphera l  cooling has been the difficulty in 
cooling the skin without causing a change in cent ra l  t empera tu re  and vice versa .  
In patients with spinal cord t ransact ion it is poss ible  to control  and change the 
deep body tempera tu re  by using the insensi t ive  port ion of the body as a heat  ex-  
changer,  while at the same t ime regulat ing the sentient skin t empera tu re  by ad- 
justing the ambient t empera ture .  The p resen t  r epor t  is of such studies in which 
it was found that skin cooling alone caused a r i s e  in oxygen consumption and 
shiver ing but that simultaneous centra l  and skin cooling caused an even g r ea t e r  
response.  

METHOD 

A total of 27 studies were  pe r fo rmed  on three  men with chronic,  functionally 
complete  spinal cord t ransect ions  (Table 1). The studies were  pe r fo rmed  in the 
morning with the patients fasting, off medicat ions  and with their  bladders  empty. 

TABLE 1. Cha rac t e r i s t i c s  of subjects 

Subject 

SC 

JW 

DF 

Age (yr) 

24 

20 

23 

Height (m) 

1.80 

1.63 

1.86 

Weight (kg) 

69.0 

61.5 

68.0 

Level cord  lesion 

T 6 

T10 

L 2 

Tempera tu res  were  measu red  by copper-constantan thermocouples  r eco rded  
automatically,  at 24 points on the skin (tip of index f inger ,  f o r e a r m ,  upper a rm,  
an ter ior  shoulder,  anter ior  and pos te r io r  chest ,  cheek, forehead) above and be-  
low the level  of sensation (abdomen, medial  thigh, calf), in the external  ea r  
canal (compared frequent ly to the sublingual t empera tu re  with the mouth taped 
shut) and at multiple s i tes  in the room around the patient. Oxygen consumption 
was measured  automatical ly by an open c i r cu i t  method and per iodica l ly  checked 
by col lected samples  analysed with the Scholander apparatus.  The insensi t ive  
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port ion of the body was placed in a surgical  blanket through which was c i rcula ted  
an alcohol mixture  at a manually adjusted tempera ture .  The studies were  p e r -  
formed in an environmental  room with re la t ive  humidity at 50% and the t empera -  
ture control led in a p rese lec t ed  fashion. 

Studies were  pe r fo rmed  in the following manner: 

The internal  body tempera tu re  (ear,  mouth) was kept constant by regulat ing the 
heating of the surgical  blanket while the sentient skin was cooled e i ther  by: 

(a) Ramp cooling: cooling the room tempera tu re  at varying ra tes  up to 18°C/hr .  
(b) Step change cooling: suddenly moving the patient f rom a room at 30°C to a 

much cooler  room.  

In other studies after  a per iod of skin cooling with a constant internal  t empera -  
ture,  the internal  t empera tu re  was caused to fall  by cooling the insentient body 
in the cooling blanket. 

RESULTS 

RESPONSE TO SKIN COOLING ALONE: 

Each patient when exposed to a step change in ambient temperatures of 30°C to 
13.5°C or greater or a ramp change of at least 16°C/hr showed an early rise in 
oxygen consumption that tended to increase with continued cooling even with a 
constant internal temperature. Figure 1 shows a representative study in patient 
withlevel at TI0. The ear temperature was kept constant at approximately 37°C 
by careful heating of the insentient area while the sentient skin was cooled by 
cooling the room air. Increased oxygen consumption began within a few minutes 
of starting the room cooling and increased slowly as the cooling continued. 

Table 2 shows the average per cent increase in oxygen consumption after forty 
minutes of skin cooling alone by step change (30 ° to 6°C) for three patients. The 
change in oxygen consumption was greater in the patients with the larger areas 
of sentient skin cooled. 

TABLE 2. Effect of cooling (~n oxygen consum 

Subject 

SC 

JW 

DE 

Skin cooling alone 

Oxygen consumption at 
40 min of cooling 

(Per  cent i nc rease  
above rest ing)  

3O 

40 

95 

)tion 

Skin and central cooling 

Maximum oxygen consumption 

(Per cent inc rease  
above rest ing) 

107 

142 

181 

RESPONSE TO SKIN AND CENTRAL COOLING: 

In each subject after a period of skin cooling alone, central cooling was pro- 
duced by cooling the lower body, and there was a rapid increase both in the rate 
of oxygen consumed and in the vigour of shivering (Table 2). A representative 
study is shown in Fig 2 where in the patient with an L~ lesion oxygen consump- 

• Z 

tion had increased to 100% of resting with skin cooling, but when the ear tem- 
perature was allowed to fall the metabolism rose to 181% of resting. As seen in 
Table 2 the maximum oxygen consumption in response to both central and peri- 
pheral cooling was much greater than with skin cooling alone and also was 
greater in the patient wit h the lower spinal lesion than those with the higher 
lesions. 
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DISC USSION 

Sherrington (1924) studied spinal dogs in which he placed the insentient port ion 
of the body in ice water  while exposing the sentient body to an ambient t empera -  
ture of 60°C, and when the deep body tempera tu re  fell ,  shiver ing occur red  in the 
fo re l imbs .  Using a s imi la r  technique in our labora tory  we found that spinal pa-  
tients increased  their  oxygen consumption and shivered in the innervated muscle  
even when the sentient skin was kept hot (above 34°C) when the deep body tem-  
pera tu re  (ear) fel l  to approximately 35.6°C (Downey, Chiodi and Darling, 1967). 
In paraplegic  subjects when the sentient skin was cool, shiver ing began at higher  
ear  t empera tu res  (Downey, Mil ler  and Darling, 2969). In the p resen t  study it 
has been demonstra ted that skin cooling alone, if it be of sufficient degree ,  can 
cause a definite and continuous r i s e  in oxygen consumption and shiver ing even 
when the centra l  t empera tu re  is constant at or above 37°C. There  also appears  
to be a g rea t e r  response  to cooling when the area  of sentient skin cooled is 
g rea t e r  (the patient  with an L 2 lesion as compared  to the T 6 lesion) and in all the 
patients the response  was g rea te r  the longer  the cooling st imulus was continued. 
The in ter re la t ionship  between the ra te  of cooling, the area  cooled and the duration 
of cooling remains  to be worked out, but it is apparent that any model of the rmo-  
regulat ion must include these dynamic responses .  

REFERENCES 

DOWNEY, J . A . ,  CHIODI, H .P .  and DARLING, R .C .  (1967): Central  t empera -  
ture regulat ion in the spinal man. J.  appl. Phys io l . ,  
22 : 91-94. 

DOWNEY, J . A . ,  MILLER, J .M.  and DARLING, R .C.  (1969): Thermoregula to ry  
response  to deep and superf ic ia l  cooling in spinal man. 
J.  appl. Phys io l . ,  27 : 209-212. 

SHERRINGTON, C.S.  (1924): Notes on t empera tu re  af ter  spinal t ransect ion,  with 
some observat ions  on shivering.  J.  Physiol .  (Lond.), 
58 : 405-424. 


