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ABSTRACT 

Twenty s i x  p a t i e n t s  with angina pec to r i s  and coronary insuf f ic iency  a s  

judged by an exerc ise  ECG t e s t  were examined. About ha l f  of t he  p a t i e n t s  had 

more pronounced ECG changes i n  a cold room a t  -15OC than at room temperature. 

They worked l e s s ,  t h e i r  subjec t ive  r a t i n g  of exer t ion  during exerc ise  was 

higher and t h e  hea r t  performed l e s s  work, expressed as the  hea r t  r a t e  blood 

pressure product.  The o ther  ha l f  of t he  p a t i e n t s  was not much influenced by 

cold. 

During an exerc ise  t e s t  i n  t h e  supine pos i t i on  almost a l l  pa t i en t s  got more 

pronounced ECG changes, worked l e s s  and the  hea r t  performed l e s s  work than i n  

the  s i t t i n g  pos i t i on .  

It i s  suggested t h a t  cold exposure as well  as  a supine body pos i t i on  may t o  

a considerable p a r t  exe r t  t h e i r  e f f e c t ,  i . e .  lower t h e  angina l  th reshold  and 

increase ECG changes, by increas ing  the  c e n t r a l  blood volume and the  d i a s t o l i c  

volume of t he  l e f t  hear t  and thus  ceteres pafibus 
sumption. 

t h e  myocardial oxygen con- 

INTRODUCTION 

Pa t i en t s  with coronary hea r t  d i sease  of ten  experience a de te r io ra t ion  i n  

t h e i r  condition i n  cold weather ( 4 , 5 ) .  Many p a t i e n t s  s t a t e  t h a t  t h e i r  symptoms 

are  provoked by a cold wind. Some p a t i e n t s  observe t h a t  an exer t ion  which can 

be maintained without d i f f i c u l t y  i n  warm weather may provoke an a t t ack  of an- 

gina pec to r i s  i n  the  cold.  Other p a t i e n t s  may not be much influenced by cold 

(5 ,13 ) .  An examination of the way i n  which p a t i e n t s  with coronary hear t  d i s -  

ease r e a c t  t o  cold under standardized conditions i s  therefore  o f  i n t e r e s t .  I n  

t h i s  way experiments may be performed t o  e luc ida te  t h e  mechanism of ac t ion  of 

cold i n  these  p a t i e n t s .  

181 



MATERIAL AND METHODS 

Twenty s i x  p a t i e n t s  from 41 t o  6 1  years  of age (mean 50 yea r s )  were exam- 

ined because of angina p e c t o r i s .  They were chosen out of a l a r g e r  number be- 

cause they showed ECG changes t y p i c a l  of coronary insuf f ic iency  during and 

a f t e r  an exerc ise  t e s t .  They were not chosen because of  p a r t i c u l a r  d i f f i -  

c u l t i e s  i n  cold weather. Most of them were under treatment with beta-blocking 

drugs. 

The put,ieCC: performed two o r  t h ree  exerc ise  t e s t s  on a b icyc le  ergometer 

under d i f f e ren t  conditions.  1). Cycling i n  the  s i t t i n g  pos i t i on  i n  a room a t  a 

temperature of about +22OC. 

a temperature of about - 1 5 O C .  I n  t he  cold room the  pa t i en t s  were dressed i n  

w a r m  c lo thes ,  gloves and a cap covering the  head except f o r  t he  face .  Before 

the  cyc l ing  s t a r t e d  the  subjec ts  had stayed for about two minutes i n  t h e  cold 

room. 

supine pos i t i on .  

2 ) ,  Cycling i n  t h e  s i t t i n g  pos i t ion  i n  a room a t  

3 ) .  Most of t he  p a t i e n t s  a l s o  worked on t h e  b icyc le  ergometer i n  the  

During t h e  exerc ise  t e s t  ( 1 6 ~ 2 )  the  work w a s  increased stepwise wi th  ind i -  

v idua l ly  chosen increments every s i x  minutes u n t i l  the  pa t i en t  w a s  unable t o  

continue o r  t he  ECG change o r  o ther  signs l e d  t o  an in t e r rup t ion  of t he  t e s t .  

Heart r a t e ,  r e sp i r a to ry  frequency, blood pressure ,  and the  subjec t ive  r a t i n g  

of exe r t ion  ( 2 )  were recorded a t  the end of each work load .  

The maximum work load performed was taken t o  be the  heavies t  load a t  which 

the  subjec t  worked f o r  s i x  minutes with an increment propor t iona l  t o  the  com- 

p l e t ed  period a t  t h e  next higher load (17). The t o t a l  work performed w a s  ca l -  

cu la ted  a s  t he  sum of work loads mul t ip l ied  by time. The (hea r t  r a t e )  ( sys to l -  

i c  blood pressure)  product was ca lcu la ted  f o r  t he  maximum work load  and used 

as  an expression of hea r t  work load  (14). For each p a t i e n t  equal work loads  

were used under t h e  d i f f e ren t  conditions of exe rc i se .  

A group of  17 p a t i e n t s  of mean age 54 (range 36-70) years with angina pec- 

t o r i s  and f a i r l y  comparable with the  26 p a t i e n t s  described were used as con- 

t r o l s  i n  the  room temperature - cold room study. They performed two exerc ise  

t e s t s  i n  the  s i t t i n g  pos i t i on  a t  a room temperature o f  about +22OC wi th  an 
i n t e r v a l  of l e s s  than one month. 

A s  cont ro ls  i n  the  s i t t ing-supine  study 26 hea l thy  subjec ts  of mean age 70 

(range 61-83) years (17) were used. 

RESULTS 

Fourteen of the  26 p a t i e n t s  (group 1) got more pronounced ST depressions 

(0.5 - 1 mm) during the  exerc ise  t e s t  i n  t he  cold room compared with the  t e s t  

a t  room temperature ("cold responders").  The remaining 12 p a t i e n t s  (group 2)  

d id  not ge t  more ST depressions i n  the  cold room than a t  room temperature 

182 



on equal work load .  

F ig .1  ( l e f t  s i d e )  and Table 1 show r e s u l t s  of group 1 and group 2 as we l l  

a s  the  whole group (1+2) at room temperature and i n  the  cold room. The average 

of t he  maximum work load performed, t h e  maximum hear t  r a t e  reached, t h e  hea r t  

r a t e  s y s t o l i c  blood pressure product as an expression of t h e  hea r t  work at  

maximum work load ,  t h e  t o t a l  work performed decreased, and the  r a t i n g  of sub- 

j e c t i v e  exer t ion  increased s i g n i f i c a n t l y  i n  group 1 but not i n  group 2 .  The 

percentage d i f fe rence  between the  exerc ise  performance as we l l  as t h e  subjec- 

t i v e  r a t i n g  of exer t ion  of t h e  group 1 p a t i e n t s  a t  room temperature and i n  the  

cold room w a s  s t a t i s t i c a l l y  s i g n i f i c a n t l y  grer5er  than the  d i f fe rence  between 

the  two work t e s t s ,  both a t  room temperature,  if t h e  17 p a t i e n t s  of t he  con- 

t r o l  group with angina pec to r i s  (Table 1). 

Max. work load 120 1 

'00 c L--J performed, 

Max. heart rate, 140 1 

100 - 
HRxSBP 

Beats. kPa 3 2  
10-3, min *IT I 

Body position Sitt Sitt 
Temp. *22'C -15'C 

t - 
Sitt sup 

*22T 

Fig.1.  Results of t h e  exerc ise  t e s t s  a t  room t e m p e r a t ~ r e , + 2 2 ~ C ,  and i n  the  
cold room, -15OC, s i t t i n g  on t h e  b icyc le  ergometer f o r  angina pec to r i s  pa- 
t i e n t s  who responded with increased ECG changes i n  t h e  co ld ,  group l(.) and 
f o r  non-responders, group 2(=) , l e f t  s ide  of t he  f igurg .  The r i g h t  hand s ide  
of t he  f igu re  shows r e s u l t s  from t e s t s  performed a t  +22 C i n  t he  s i t t i n g  and 
supine pos i t ion  f o r  group 1 + 2 ( A ) .  The symbols ind ica t e  means and v e r t i c a l  
bars  standard e r r o r  of the  mean. 
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Table 1. Maximumwork load  performed, t o t a l  work performed, maximum hea r t  r a t e ,  
and r a t i n g  of sub jec t ive  exe r t ion  during work on equal load i n  t h e  s i t t i n g  po- 
s i t i o n  a t  room temperature , RT 
i n  a cold room, 
and 1+2. The r e s u l t s  of work t e s t  I1 a r e  given a s  d i f fe rences  between work t e s t  
I and I1 i n  percent  of work t e s t  I ,  i . e .  100 *(I-II)/I. 

about +22OC i n  t h e  two work t e s t s .  Mean and SEM a r e  given. 

+22OC, (work t e s t  I )  and during a second t e s t  
CR - 1 5 O C ,  (work t e s t  11) f o r  t h e  angina p e c t o r i s  group 1 , 2  

The cont ro l  group of angina pec to r i s  p a t i e n t s  exercised a t  room temperature 

Variable 
Group 

n Work t e s t  I Work t e s t  I1 
,% change from work t e s t  I 

RT +22'C CR - 1 5 O C  RT +22OC 

Maximum work load ,  bJ 

Group 1 14 96 10 
Group 2 12 96 ; 11 

Control group 17 78 - 8 
Group 1+2 26 9 6 ;  7 

21 7.6xx'0 
1 ; 3.2 
11 - 8.OX 

0 +_ 3.9 

To ta l  work performed 
Wxmin 

Group 1 1 4  1026 3 171 26 8.4xxy0 
Group 2 12  941 ; 193 -4 ; 9.5 

+ Group 1+2 26 987 7 126 13 - 6.9 
Control group 17  800 - 130 -1 - 6.4 

Max hea r t  r a t e  
s t roke  /min 

Group 1 1 4  125 4 

Group 1+2 26 125 7 4 
Control group 17 123 - 7 

Group 2 12 126 8 

Rating o f  exer t ion  

Group 1 
Group 2 
Group 1+2 
Control group 

14 15 a.7 
12 16 ; 0.5 
26 1 5  ; 0.4  
17 ' 14 - 0.4 

-16 ? 3.4xx300 
- 5 ; 3 .1  xx,oo -10 - 2.5  

+ 0 

4 2.2 

n = number of sub jec t s ,  x and o ind ica t e  0.05 >F 70.01, xx and 00 i nd ica t e  
0.01>Pr0.001, x and xx i nd ica t e  the  p r o b a b i l i t y  t h a t  t he  d i f fe rence  between 
work t e s t  I and work t e s t  I1 i s  caused by random f a c t o r s .  o and 00 i nd ica t e  
t h e  p robab i l i t y  t h a t  t h e  d i f fe rence  between t h e  percentage change between work 
t e s t  I and work t e s t  I1 of t h e  p a t i e n t  group and t h e  corresponding percentage 
change between t h e  two work t e s t s  of t h e  con t ro l  group i s  caused by random 
f a c t o r s .  

The s y s t o l i c  blood pressure  during m a x i m u m  work load was not s ign  

d i f f e r e n t  between t h e  groups o r  t h e  d i f f e r e n t  conditions of exe rc i se  
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s y s t o l i c  pressures  were s l i g h t l y  higher during t h e  exe rc i se  i n  t h e  co ld  room. 

Angina p e c t o r i s  was recorded e a r l i e r  i n  t h e  cold room than  a t  room tempera- 

t u r e  i n  11 of 1 4  sub jec t s  of group 1 and i n  6 of 12 sub jec t s  of group 2.  A l -  

though suggestive t h i s  d i f fe rence  i s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Severa l  of t h e  p a t i e n t s  i n  both groups performed an exe rc i se  t e s t  i n  t h e  

supine pos i t i on .  There was no s i g n i f i c a n t  d i f fe rence  between the  sub jec t s  from 

group L and group 2 and the re fo re  t h e  r e s u l t s  a re  given f o r  a l l  t hese  p a t i e n t s  

toge ther  on t h e  r i g h t  hand s ide  of Fig.1,  cf a l so  Table 2. 

Table 2. Resul t s  from exerc ise  t e s t s  performed a t  room temperature,  +22OC, 
s i t t i n g  (work t e s t  I )  and supine (work t e s t  11) f o r  t h e  angina p e c t o r i s  pa- 
t i e n t s  of groups 1,2,1+2 and a con t ro l  group of hea l thy  males (17)  

Variable 
Group 

n Work t e s t  I Work t e s t  I1 
% change from work test  I 

S i t t i n g  Supine 

Maximum work load,Y 

Group 1 9 88 1 1 . 5  

Group 1+2 19 93 ; 8.4 
Control group 26 136 - 5 . 4  

Group 2 1 0  97 12.6 
37 10  .2xx 

33 ; 5.5 
30 7 6.ixXx 

18 - 2.0n 

xx 

Tota l  work performed 
Wxmin 

Group 1 7 964 263 45 I 1 0  .gXX 
Group 2 7 864 ; 185 52 7 10.gn 
Group 1+2 1 4  914 y 158 48 < 7.3= 
Control group 26 1591 - 107 28 - l.Oxx 

Max hea r t  r a t e  
stroke/min 

Group 1 11 123 11.7 17 I 2 . 9 r  
Group 2 1 0  126 ; 9.1 8 7 1.9 
Group 1+2 21 125 ; 5.0 12 7 2.0- 
Control group 26 153 - 3.4 9 - 3.9= 

Symbols a s  i n  Table 1 

The maximum work load performed, t h e  t o t a l  work performed, t h e  maximum 

hea r t  r a t e  and t h e  hea r t  work load ,  ca l cu la t ed  as t h e  hea r t  r a t e  s y s t o l i c  

blood pressure  product,  were a l l  lower i n  the  supine pos i t i on .  

The impairment of exerc ise  performance i n  t h e  supine pos i t i on ,  expressed a s  

t h e  percentage of t he  r e s u l t  i n  t h e  s i t t i n g  pos i t i on ,  f o r  t h e  angina Peetoris 
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p a t i e n t s  was not s t a t i s t i c a l l y  s i g n i f i c a n t l y  g rea t e r  than t h a t  found i n  the  

con t ro l  group of 26 hea l thy  old subjec ts ,  see Table 2. 

There was no s i g n i f i c a n t  d i f fe rence  between s y s t o l i c  blood pressure during 

maximum exerc ise  load i n  t h e  s i t t i n g  and supine pos i t i ons .  ST depressions were 

i n  a l l  cases but t h ree  more pronounced i n  the  supine than i n  the  s i t t i n g  po- 

s i t i o n .  

I n  a few cases the  exerc ise  t e s t  i n  t he  cold room was of s ign i f icance  fo r  

t h e  diagnosis of coronary insuf f ic iency ,  as the re  were no s ign i f i can t  ECG 

changes a t  room temperature, while ECG changes t y p i c a l  of coronary insuf f ic ien-  

cy appeared during and a f t e r  the  exerc ise  t e s t  i n  t he  cold room. Exercise i n  

t h e  supine pos i t i on  w a s  even more e f f e c t i v e  i n  t h i s  respec t .  

DISCUSSION 

Several  pa t i en t s  i n  group 1 were very incapac i ta ted  during t h e  winter and 

i n  these  p a t i e n t s  t he  examination of the  r eac t ion  t o  an exerc ise  t e s t  i n  t he  

cold room was of i n t e r e s t  f o r  t he  evaluation of t h e i r  degree of incapac i ty .  

Pa t i en t s  of group 2 demonstrated a low s e n s i t i v i t y  t o  cold.  It i s  poss ib le  

t h a t  t h e i r  r eac t ion  t o  cold i s  the  r e s u l t  of an adaptation t o  cold (1). About 

ha l f  of t he  angina pec to r i s  p a t i e n t s  reac ted  t o  cold exposure or approximately 

t h e  same proportion as t h a t  reported by o ther  authors (5 ,13 ) .  

Several  mechanisms have been discussed as  an explanation f o r  t h e  e f f e c t  of 

cold i n  p a t i e n t s  with coronary in su f f i c i ency ,  such as r e f l e x  cont rac t ion  of 

coronary a r t e r i e s  a s  r e s u l t  of t he  cold stimulus t o  the  sk in  (5,ll,l2) in -  

creased vascular  r e s i s t ance  and increased blood pressure ( 4 , 7 )  and therefore  

increased work f o r  t he  hea r t  ( 9 ) .  
Another explanation (10 )  might be t h a t  cold r e s u l t s  i n  a genera l  vasocon- 

s t r i c t i o n  of cutaneous ves se l s  and consequent r e d i s t r i b u t i o n  of t he  blood vol- 

ume , with an increase  i n  t h e  c e n t r a l  blood volume ( 6 )  and probably increase  i n  

c e n t r a l  venous pressures ,  a t  l e a s t  i n i t i a l l y .  In  t h i s  way an e f f e c t  i s  obtain- 

ed which may be similar t o  t h a t  obtained by changing from an upright t o  a su- 

pine body pos i t i on  ( 3 )  o r  by the  intravenous adminis t ra t ion  of dextran ( 8 ) .  
The s i m i l a r i t i e s  between the  changes obtained i n  cold and i n  t h e  supine posi- 

t i o n  axe suggestive.  It i s  l i k e l y  t h a t  cold as we l l  a s  t he  supine pos i t i on  re -  

s u l t s  i n  some increase  i n  t h e  d i a s t o l i c  volume of the  l e f t  hea r t .  Changes i n  

ven t r i cu la r  volume are  of c r i t i c a l  importance i n  determinating myocardial oxy- 

gen consumption, s ince  an increase means t h a t  an augmented wa l l  t ens ion  w i l l  

be requi red  by the  hea r t  f o r  the  same ex te rna l  work (15 ) . 
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