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I. I n t  roduct ion 

A l i t e r a t u r e  search was made t o  o b t a i n  va lues  of human forearm, hand 

and f i n g e r  blood flow as func t ions  of environmental temperature. 

The sources  used include both  government and l abora to ry  r e p o r t s  and 

t h e  research presented i n  t h e  open l i t e r a t u r e .  An a t tempt  w a s  made 

t o  review many of t h e  more q u a n t i t a t i v e  noninvasive de te rmina t ions  

and t o  c o l l a t e  t h e  r e s u l t s  i n  such a way as t o  y i e l d  blood flow 

va lues  f o r  each body segment a s  ccnt inuous  func t ions  of temperature. 

It is hoped t h a t  t h i s  d a t a  w i l l  be u s e f u l  t o  phys io log i s t s ,  biothermal 

modelers and o t h e r s  i n t e r e s t e d  i n  t h e  study of man's c i r c u l a t o r y  and 

thermoregulatory systems. 

Noninvasive methods of measuring blood flow are d iverse .  They 

genera l ly  d e p e d  upon e i t h e r  knowing t h e  amount of heat  r e j e c t e d  o r  

t h e  a o u n t  of d isplacanent  produced i n  a secondary medium by t h e  

body segment a t  the  environmental cond i t ion  being s tud ied .  A b a s i c  

understanding of these  techniques is e s s e n t i a l  i n  o rder  t o  ga in  an 

i n s i c h t  i n t o  t h e  d a t a  averaging procedure used i n  t h i s  r e p o r t .  The 

cumpendium, t h e r e f c r e ,  includes  a b r i e f  review of t h e  v a r i o u s  ways 

used t o  measure blood flow. 

The compendium includes  an  a b s t r a c t  o r  summary of each work from 

which d a t a  was taken. These c i t a t i o n s  a r e  drawn from t h e  v a r i o u s  

r e p o r t s  and presented wi th  l i t t l e  or  no modif icat ion.  

Also given is a s e p a r a t e  list of a l l  works t h a t  were reviewed dur ing 

t h e  course C E  t h i s  l i t e r a t u r e  search.  Blood flow va lues  from many 

-1- 



of these r epo r t s  were not included i n  the da t a  ana lys is  for  the  three 

body segments. Blood flow values were used only i f  the ambient a i r  

and loca l  segment temperatures were well  control led w i h i n  narrow limits 

during each experiment and i f  the subjects  were i n  therza l  equilibrium 

i n  the r e s t i ng  state. However, much useful  qua l i t a t i ve  information may 

be obtained from the  numerous r epo r t s  l i s t e d .  

In addi t  ion t o  the  above, a t a b l e  is presented which descr ibes  a 

nuiaber of the  important aspects  of each quant i ta t ive  experiment used 

i n  t h i s  invest igat ion.  These a r e  a s  follows: 

Author and date  of each experiment, 

Body segaent used i n  blood flow study, 

Room or  ambient air temperature, 

Local segment temperature (plethysmograph water bath temperature, 

a i r  temperature o r  l oca l  sk in  temperature, depending upon 

measurement technique used), 

Local temperature converted t o  segment sk in  temperatsre, 

Measured blood flow values i n  u n i t s  of m1/100 m l  (segment volume) - 
min., 

Number of subjec ts  used i n  each experiment. 

This information is a l so  given i n  graphical form a s  a function of 

skin temperature f o r  various ranges of ambient temperature f o r  each 

body segment. 

11. Blocd Flow Measurement Techniques 

A number of de ta i led  reviews o r  comparisons of noninvasive blood flow 

measurement techniques have been published. (1,2,5,6,7) A 

-2- 



b r i e f  d e s c r i p t i o n  of each typ.. w i l l  be presented here  t o  enable  t h e  

reader  t o  b e t t e r  understand the  b a s i c  p r i n c i p l e s ,  a p p l i c a t i o n  and 

poss ib le  l i m i t a t i o n  o f  t h e i r  use.  

Three types  of methods have been used f o r  q u a n t i t a t i v e  blood flow 

measurement i n  t h e  forearms, hands and f i n g e r s  cf  man. The f i r s t  

depends on t h e  change i n  t h e  volume of t h e  segment a f t e r  o b s t r u c t i o n  

of t h e  venous r e t u r n  blood, t h e  second measures t h e  p u l s a t i l e  volume 

i n  t h e  given segment and t h e  t h i r d  is based on thermal measurements 

such a s  s k i n  temperature,  heat  l o s s ,  t i s s u e  conductance and t i s s u e  

thermal conduct ivi ty .  

A. Venous Occlusion Plethysmography 

This  technique may be more e a s i l y  descr ibed as displacement 

p l e t  hysmography . E s s e n t i a l l y  t h e s e  dev ices  enclose  the  body segment 

wi th in  a r i g i d  o r  f ixed volume con ta iner .  They employ e i t h e r  a i r  o r  

water a s  t h e  working f l u i d  which surrounds t h e  body segment. An 

inc rease  i n  t h e  volume of t h e  enclosed segment d i s p l a c e s  f l u i d  from 

t h e  r i g i d  con ta ine r  t o  a system f o r  measuring volume. 

A venous occlus ion cuff  is appl ied t o  t h e  body segment proximally 

t o  t h e  volume conta iner .  After  i n f l a t i o n  of the  c u f f ,  venous r e t u r n  

blood is obst ructed causing blood pooling i n  the  segment d i s t a l  t o  

t h e  c u f f .  I t  is assumed t h a t  t h e  volume inc rease  a s  measured by t h e  

displaced a i r  o r  water immediately following cuff i n f l a t i o n  i s  

i n d i c a t i v e  of continued normal a r t e r i a l  blood inflow t o  t h e  segment 

enclosed in  t h e  con ta ine r .  
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As pointed out by Hymn and  inso or^ each of the  rorklng f l u i d s  used 

i n  displacement plethysmographs has c e r t a i n  inherent disadvantages. 

Water Imposes hydrostat is  forces  on the  t i s s u e s  wllicn teat! t o  

impede arterial flow i n t o  the enclosed segment. In  addi t ion,  water 

because of its high heat capaci ty and int imate body contact intro-  

duces thermal problems which rnay a l t e r  the  responses being studied. 

The high thermal expansion coef f ic ien t  of an  air-f  i l l e d  system 

introduces problems of d r i f t  . 

Other problem areas  of concern with the  displacement plethysmograph 

a r e  mot ion a r t  i f  a c t s ;  occluding cuff con£ igurat  ion and placement; body 

o r i en t a t ion  and the a f f e c t s  of both cuff and volume container upon the  

in t e rna l  hemodynamics of t he  segment being studied. 

B. Volume Pulse Measurement Techniques 

These methods measure the  t rans ien t  e f f e c t s  o r  dimensional changes 

occurring i n  a body segment with each pulsat ion of blood flowing 

through the  segment. Included i n  t h i s  category a r e  the impedance, 

capacitance, mercury-in-rubber s t r a i n  gauge and photoelectr ic  

plethysmographs . 

The impedance plethysmograph measures t he  e l e c t r i c a l  impedance changes 

which vary with the blood content of t he  segment during each blood 

pulse. With a te t ra-polar  arrangement four electrodes a r e  placed on 

o r  around the  given segment separated by various a x i a l  dis tances.  A 

high frequency low amperage e l e c t r i c a l  current  is input between the  

outer two electrodes.  Simultaneously, the impedance produced by the  



e l e c t r i c a l l y  cunductive t i s s u e  and blood is measured between t h e  

two inner e lectrodes.  Additional blood placed between the  two inner 

e lec t rodes  during a pulse  has the e f f e c t  of placing a second 

r e s i s t o r  i n  p a r a l l e l  u i t h  the  t i s s u e  res i s tance  lying between t h e  

two recording electrodes.  This i n  t u r n  decreases t h e  t o t a l  

segmental r e s i s t ance  between the  recording e lec t rodes  proport ional ly  

t o  t he  pulse blood flow. 

I n  using t h e  capaci tance plethysmograph the  segment being studied is  

placed within a wire  mesh capsu!= which serves  as one p l a t e  of a 

condenser. The sk in  of the enclosed segment serves  a s  t h e  second 

p la te .  When connected t o  the  proper c i r c u i t r y  changes i n  the  

capaci ty  of t h i s  condenser r e f l e c t  t h e  changes i n  the  sk in  t o  w i r e  

mesh d is tance  occurring during a p u l s a t i l e  flow of blood. 

The mercury-in-rubber s t r a i n  gauge plethysmograph employs a mercury 

f i l l e d  e l a s t i c  rubber tube a s  the  expansion transducer.  When the  

tube is s t re tched ,  the  column of mercury is narrowed changing i ts  

e l e c t r i c a l  res i s tance  i n  proportion t o  i ts increase i n  length. I f  

the  f i l l e d  tube is placed circumferent ia l ly  around a given body seg- 

ment it  is possible t o  measure t h e  increase i n  segment g i r t h  produced 

i ~ y  t h e  blood pulse passing through t h e  circumscribed t i s sue .  This 

c i rcumferent ia l  length change is then a measure of the pulse  volume of 

the blood flowing through the  segment being s tudied.  

I n  using the photoelectr ic  plethysmograph a l i g h t  source is used t o  

t ransi l luminate  the body t i s sue .  The l i g h t  which has passed through 



the  sk in  is recorded by a photocell. The in t ens i ty  of t h e  photocell  

current  will vary as a function of the blood content of t he  

illuminated t i s s u e  during each blood pulse. 

The impedance, capacitance and mercury-in-rubber s t r a i n  gauge 

plethysmographs measure both the t i s sue  changes with each pulsat ion 

and show a progressive increase in  segment blood pooling a f t e r  venous 

occlusion. 

These methods have the advantage tha t  they may be applied t o  the  

skin of the  trunk and head as well a s  t o  the  extremit ies .  However, 

t h e  extent  of co r r e l a t ion  between the  blood flow a s  measured by 

these techniques and t h a t  ac tua l ly  occurring i n  the t i s s u e  has not 

been f i rmly establ ished.  

C. Thermal Measurements 

The thermal measurement technique of determining blood flow may a l s o  

be ca l led  the  calor imetr ic  method. The body segment t o  be studied 

is enclosed within a wel l  insulated thermal calorimeter and the heat 

l o s s  from the segment is measured under steady s t a t e  conditions.  

This heat l o s s  may be re la ted  t o  blood flow within the segment by 

determining the t i s sue  conductance which depends upon the  convective 

heat t r ans fe r  occurring within the segment. 

A s  s ta ted  by Landowne and ~ a t z ~  tile thermal o r  enclosed calor imetr ic  

method presents the following disadvantages : 



1. The assumption tha t  t he  venous blood is a t  skin temperature a f t e r  

equi l ibra t ion  is not va l id ,  

2 .  The calor imeter  insu la t ion  is not complete and a var iab le  gain o r  

l o s s  of heat may occur, 

3. Conduction and rad ia t ion  cannot be evaluated, and 

4 .  A rapid succession of events cannot be studied. 

In addition, the temperature of the body segment being measured w i l l  

be strongly influenced by the appl ica t ion  of e i t h e r  an  enclosing 

calorimeter o r  a gradient  calorimeter.  Therefore the  blood flow 

within the segment w i l l  be a l t e r ed  by the  measuring device . 

Due to  the l imi t a t ions  of the  thermal techniques the  quant i ta t ive  

da ta  presented herein have l a rge ly  been obtained by the  venous 

occlusion plethysmography o r  volume pulse measurement techniques. 

The loca l  segmental temperatures given i n  Table I r e f e r  t o  the a i r  

o r  water bath temperatures i f  displacement plethysmographs were used 

o r  t o  ambient a i r  temperatures i f  the pulse volume measurement 

techniques were used. 

111. Comparison of Various Blood Flow Experiments 

The invest igat ions c i t e d  i n  t h i s  compendium have measured segmental 

blood flow a t  various values of l oca l  temperature ( a i r  o r  water tem- 

perature of the  plethysmograph). While the methods used have been 

s imi la r ,  i t  is  d i f f i c u l t  t o  compare the da ta  from d i f f e ren t  experi- 

ments. According t o  ~ h a u e r '  there  a r e  three  main reasons f o r  these 

d i f f i c u l t i e s :  a )  A steady s t a t e  i s  achieved only a t  temperatures 
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below 32 t o  3 5 ' ~  o r  above 44 t o  45'~. Betwen these limits t h e  

blood flow changes with time, increasing a t  f i r s t  and l a t e r  decl in-  

ing almost t o  its o r ig ina l  value. b) Even at lower temperatures, 

when t h i s  phenomenon is absent,  spontaneous f l uc tua t ions  i n  blood 

flow occur. c )  Although i n  most experiments t h e  room temperature 

was kept constant ,  t h e  temperatures used have r a r e l y  been the  same, 

and both roam temperature and clothing would have t o  be i d e n t i c a l  i f  

r e s u l t s  were t o  be s t r i c t l y  comparable. 



Various experimental r e s u l t s  could be compared i f  t h e  room and 

loca l  temperatures were w e l l  control led and i f  the  sub jec t s  were 

s imi la r ly  clothed. All of t h e  works reviewed during t h i s  l i t e r a -  

t u r e  search a r e  l i s t e d  i n  Appendix A. Of these repor t s ,  twenty- 

th ree  experiments l is t  the  l o c a l  and r o m  temperatures which were 

held f a i r l y  constant.  

Abstracts o r  authors '  summaries a r e  given i n  Appendix B f o r  each 

of t he  twenty-three works from which quant i ta t ive  blood flow va lues  

were obtained. The blood flow values  taken from these  r epo r t s  a r e  

l i s t e d  i n  Table I a lphabe t ica l ly  by author. 

Table I may a l s o  be used a s  a br ief  summary of each experiment. 

The author,  d a t e  and type of measurement a r e  given f o r  each experi-  

ment. Three blood flow measurement techniques were used i n  these 

repor t s ;  venous occlusion plethysmographp with both a i r  and water 

a s  t he  displacement f l u i d  and photoelectr ic  plethysmog-aphy. Also 

given f o r  each experiment a r e  the  body segment considered, room 

and loca l  temperature, t he  measured blood flow, and t h e  number of 

subjec ts  used. 

Since t he  l oca l  temperatures given i n  Table I represent  e i t h e r  t he  

plethysmograph water bath o r  a i r  temperature the r e l a t i o n s  shown i n  

Figures 1 and 2 were used t o  convert the l oca l  temperatures t o  cor- 

responding sk in  temperatures. Figure l4  i l l u s t r a t e s  t he  average 

skin temperature a s  a funct ion of plethysmograph water bath tempera- 

tures .  Figure z3 shows the  average skin tenperature  vs.  



TABLE I. FOREARM, HAND, AND FINGER BLOOD now VALUES VERSUS LOCAL AND AMBIENT TEMPERATURES 

I a c a l  Temperature 
Source and Room !ma1  

0 0 
Converted t o  qegmegt Blood Flow Number of 

Type of Experiment Body Segment Temperature, C Temperature, C Ski11 Temperatu': , C m1/100 ml-min. Subjects  

Abramson & F i e r s t  - Forearm 26.0 32.0 
1942 Hand 26.0 32.0 

Water bath,  V.O.P. 

Forearm 
Abramson e t  a l .  - 

1971 
Water bath,  V.O.P. 

Hand 

I 
P 
0 
I 

Abramson, Zazeela 6 Forearm 
Marr-JS - 1939 
Water bath,  V.O.P. Hand 

Bader & Macht - 1948 Hand 
A i r  bath,  V.O.P. 

Bader & Mead - 1949 Finger 
Water bath,  V.O.P. 

Forearm 
Barcrof t  & Edholm - 

1946 
Water bath,  V.O.P. 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

* 
V.O.P. = venous occlusion plethysmograph 



Tab le  I (Continued) 

Bargeton  e t  a l .  - Hand 
1959 

Water b a t h ,  V.O.P. 

Brown, Hztchzr  6 Forearm 
Pagc - 1953 
Water b a t h ,  V.O.P. 

Source  and Room 
Type o f  Experiment Body Segment Temperature,  C 

B a r c r o f t  & Edholm - Forearm 17 .O 
1943 17 .O 

Water b a t h ,  V.O.P. 1 7  .O 
1 7  .O 
1 7  .O 
1 7  .O 
17 .0  
17 .0  
1 7  .O 

24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24.86 
24 -86  
24.86 
24.86 
24.86 

20.0 
20.C 
20.0 

Local  
Tempera ture ,  C 

10 .0  
15 .0  
20.0 
25.0 
30.0 
32.0 
35.0 
37 .O 
45.0 

10 .0  
11 .0  
13 .0  
15.0 
17 .0  
19 .0  
21  .o 
23.0 
25 .O 
27 .O 
29.0 
31.0 
33.0 
35.0 
37 .0  
39.0 
4 1  .O 
43.0 
45.0 

5 . 0  
10 .0  
20.0 

Local  Temperature 
Converted t o  Segment 

0 S k i n  Temperature,  C 
Blood Flow 

ml/100 d - m i n .  

0.5 
0 .5  
0.5 
0.7 
1.6 
2.3 
4 .3  
5.9 

17.6 

3.6 
2.5 
1 . 7  
1.1 
1 . 3  
1 .4  
1 .7  
2 .1  
2.2 
2.2 
2.6 
3 .O 
3.5 
4.2 
6.4 
8.8 

17.7 
21 .1  
29.6 

1 . 5  
1 .4  
1.7 

Number of  
S u b j e c t s  

5 
5 
5 
5 
5 
5 
5 
5 
5 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

37 
37 
37 



Tabla I (Continued) 

Source and Room 
Type of Experimunt dody Segment Tmverature,  C 

Brown, Hatcher 6 
Page - 1953 
(Concluded) 

Forearm 

Brown 6 Page - 1952 Hand 
Water bath, V.O.P.  

Catchpole 6 Jepson - Hand 
1955 

Water b a t h ,  V.O.P. 

r i nge r  

Coffman & Cohen - Finger 
1971 

Water bath. V.O.P. 

Local 
T e m ~ ~ r a f u r m ,  OC 

Local Teplperaturr 
Conver tad t o  Sogmagt 
Skin Temverrture, C - Blood Plow 

m1/\00 ml-min. 

2.8 
3.0 
3.2 
3 . 1  
5.3 
8.1 

10.3 

3.0 
1.0 
0.8 
' . 8  
4.5 
6.1 
9.2 

16.7 
19.1 

0.8 
0.4 
2.5 
a.6 
1 .3  
1.25 
3.8 

1 1 . 2  

59.7 
32.7 



T a b l e  I (Continued) 

Source and Room 
Type of Experiment Body Seymen* Temperature, OC 

Cooper, Edholm & Forearm 23.5 
Mottram - 1 9 5 5  24.5 
Air bath,  V . O . P .  23.5 

23.5 
24.5 
23.5 
23.5 
19.5 
23.5 
22.5 
23.5 
25.5 
24.5 
25.5 
23.5 
22.5 
23.5 
23.5 
23.5 
25.5 
23.5 
26.5 
24.5 
22.5 
22.5 
25.5 
24.5 
25.5 
23.5 
24.5 

17.9 
21.2 

F e r r i s  et a l .  - 1947 Hand 
Air bath,  V .O .P .  

Loco1 
Temperature, C 

30.5 
30.0 
34.0 
30.0 
30.5 
34 .O 
34.0 
34 . O  
34 .O 
34 .O 
34 ,o  
34 .O 
34 ,O 
34 .o 
34 ,O 
34 .O 
34 .O 
34.0 
34 .O 
35 .O 
34 .O 
34 .O 
34 .O 
34 .O 
30.5 
34 .O 
34.0 
34.0 
34 .O 
34 .O 

N.A .  
N.A.  

Local Temperature 
Converted t o  Segment 
S ~ i n  Temperature, OC 

32.3 
32.0 
34.8 
32.0 
32.3 
34.8 
34.8 
34.8 
34.8 
34.8 
34.8 
34.8 
34.8 
3'4 .8 
34.8 
34.8 
34.8 
34.8 
34.8 
35.5 
34.8 
34.8 
34.8 
34.8 
32.3 
34.8 
34.8 
!4 .8 
14.8 
34.8 

18.0 
22.2 

Blood Flow 
m 1  / l o0  ml-min. 

1.45 
1.60 
1.90 
2.02 
2.05 
2.10 
2.12 
2.20 
2.27 
2.30 
2.39 
2.45 
2.60 
2.61 
2.70 
2.90 
3.03 
3.18 
3.20 
3.20 
3.60 
3.80 
4 .O 
4.30 
4.50 
5.30 
5.60 
6.00 
6.17 
7.64 

0.4 
0.7 

Number d f  
Subjecta  





Table I (Continued) 

Source and Room 
Type of Experiment Body Segment Temperature. OC 

Forester 11, F e r r i s ,  Hand 
6 Day - 1946 
(Concluded) 

Grayson - 1949 Forearm 
Water bath, V . O . P .  

Finger 

Loca 1 
0 Temperature, C 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

31.0 
31 .O 
31.0 
31.0 
31 ,O 
31 .O 
31 .O 
31 .O 
31 . O  
31.0 
31.0 
31.0 

Local Temperature 
Converted t o  Segment 
S k i n  Temperature, O C  

Blood Flow 
m1/100 ml-min. - 

11.40 
12.10 
0.15 
0.44 
0.65 
0.57 
0.72 
0.77 
6.40 
6.75 
8.27 
21.70 
23.60 
13.20 
23.40 
31.70 

2.23 
2.40 
2.33 
2.66 
3.86 
7.66 
4.82 
5.82 
9 . 1 0  
6.07 
7.02 
9 .88  

Number of 
Subjects  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 
3 
3 
3 
3 
3 
9 
9 
9 
9 
9 
9 



Tab le  ? (Continued) 

Source  and 
Type o f  Experiment 

Hertzman & Randa l l  - 
1948 

P h o t o e l e c t r i c  
p l e t  hysmograph 

H i l l e s t a d  - 1962 
Water b a t h ,  V.O.P. 

H i l l e s t a d  - 1970 
Water b a t h ,  V.O.P. 

K i l l i a n  6 Oc la saen  - 
I 

1938 
r Water b a t h ,  V.O.P. 
m 
I 

Ludbrook - 1971 
Water b a t h ,  V.O.P. 

Body Segment 

Forearm 

Hand 

F inge r  

Hand 

Hand 

Hand 

Forearm 

Hand 

Room 
Temperature.  OC 

Local  
Tempera ture ,  OC 

Local  T m p e r a t u r e  
Converted t o  Segrne t 
S k i n  Temperature,  'C 

Blood Flow 
m1/100 ml-min. 

Number of 
S u b l e c t r  

1 
1 
1 
1 
1 
1 

5 
5 

5 
5 

1 
1 
1 
1 
1 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



T a b l e  I (Continued)  

Loca l  Temperature 
Source and Room L o c a l  Converted t o  S e g m e ~ t  Blood Flow Number of 

Type o f  Experiment Body Segment Temperature. C I ~ p e r a t u r e ,  C Ski71 Temperature, C mlf100 - ml-min. S u b j e c t s  

Roddie 6 Shepherd - 
1955  

Water b a t h ,  V.O.P. 

Spealrnan - 1945  
Water b a t h ,  V.O.P. 

Hand 

Hand 



0 5 10 15 20 25 30 35 40 45 50 
Water temperature, O C  

Figure 1 .  Average skin temperature vs. plethysmograph water bath 

temperature. 



20 30 
Air temperature, OC 

Figure 2.  Average skin temperature v s .  plethysmograph a i r  temperature. 



plethysmograph a i r  temperature. By using these two f igu re s  it was 

possible  t o  e s t ab l i sh  t he  l oca l  segmental sk in  temperature a s  a 

bas i s  of comparison f o r  a l l  of the blood flow values  obtained from 

t h e  l i t e r a t u r e  f o r  each body segment. 

Figures 3, 10  and 17 show the  blood flow values  f o r  the forearm, 

hand and f inger ,  pect ively , a s  functions of the  converted sk in  

temperatures. AI- a, the  blood flow values obtained from the  l i t e r a -  

t u r e  a r e  plot ted i n  these th ree  f igures  independent of the room tem- 

perature  used. In an attempt t o  e s t ab l i sh  the  e f f e c t  of room tempera- 

t u r e  upon blood flow t h e  ove ra l l  da ta  fo r  each segment was averaged 

0 i n  5 C room temperature ranges. By t h i s  process the forearm da t a  

shown i n  Figure 3 which were measured i n  room temperatures between 

15.1 and 20.0'~ were averaged a s  a funct ion of sk in  temperature a s  

shown i n  Figure 4. Similar ly  the  forearm blood flow values  from 

0 room temperatures between 20.1 and 25.0 C a r e  p lo t ted  vs.  sk in  tem- 

perature i n  Figure 5. This averaging technique was repeated f o r  

increasing SOC increments of room temperature f o r  each of the th ree  

body segments over the  complete range of room temperatures given i n  

Table I. Figures 4 through 9 show the averaged values  of forearm 

blood flow. Figures 11 through 16 present the  averaged blood flow 

data  fo r  t he  hand while Figures 18 through 24 give the averaged 

f inger  blood flow values.  

Several of the  average blood flow f igures  have only one data  point .  

This means tha t  only one experimental determination was made f o r  the  

given b ~ d y  segment a t  room temperatures f a l l i n g  within the 5 ' ~  range 

i n  quest ion. -20- 



Forearm 

0 10 20 30 40 5 0  
Skin temperoture - O C  

Figure 3.  Forearm blood flow vs. sk in  temperature, room temperature = 

15 to 45'~.  



Foreorrn Room f emperoture 15.1 to 20.0 

20 30 
Skin temperature - O C  

Figure 4 .  Forearm blood flow vs. skin temperature, room temperature = 

15.1 to 20.0°c. 



Foreorm Room temper oture 20.1 to 25.0 

0 I0 20 30 40 5 0  
Skin temperoture - O C  

Figure 5 .  Forearm blood flow vs .  sk in  temperature, room temperature 

20.1 to 25 .0 '~ .  



For ear m Room t empzroture 25.1 to 30.0 

0 I0 20 30 4 0  50 
Skin temperature - O C  

Figure 6 .  Forearm blood flow vs. skin temperature, rcom temperature = 

25.1 to 30.0'~. 



Forearm Room temperature 30.1 to 3 5 . 0  

0 I0 20 30 50 
Skin temperoture - O C  

Figure 7. Forearm blood flow vs. skin temperature, room tempelature = 

30.1 to  35.0'~. 



Foreorm Room temperature 35.1 to 40.0 

0 10 20 30 40 50 
Skin temperature - O C  

Figure 8 .  Forearm blood f l o w  vs  skin temperature. room temperature = 

35.1 to 40.0'~. 



For ear m Room t emperotur e 40.1 to 45.0 

0 I0  20 30 40 50 
Skin temperature - O C  

Figure 9. Forearm blood flow vs .  skin temperature, room temperature = 

0 
above 50.1 C. 



0 10 20 30 40 50 
Skin temperature - O C  

Figure 10. Hand blood flow vs. skin temperature, room temperature = 

15 to 40'~. 



Hond Room t empero t ur e 0.0 to 15.0 

0 I0 20 30 40 5 0  
Skin temperoture - O C  

Figure 11. Hand blood f low vs. skin temperature, room temperature = 

0 .0  t o  1 5 . 0 ~ ~ .  



Hnnd Room t emperotur e 15.1 to 20.0 

0 I 0  20 30 40 5 0  
Skin temperoture - O C  

Figure 12. Hand blood flow vs. skin temperature, room temperature = 

15.1 to 20.0°c. 



Hand Room temperature 20.1 to  25.0 

0 I0 20 30 4 0  5 0  
Skin temperoture - O C  

Figure 13. Hand blood flow vs. skin temperature, room temperature = 

20.1 to 25.0'~. 



Hond Room temper oture 25.1 to 30.0 

Skin temperoture - O C  

Figure 14. land bl >d flow vs. skin temperature, room temperature = 

25.1 to 3 0 . 0 ~ ~ .  



Hand Room temperature 30.1 t o  35.0 

0 I0 20 30 4 0  50 
Skin temperature - O C  

Figure 15. Hand blood flow vs. skin temperature, room temperature = 

30.1 to 35.0'~. 



Hand Room temperature 35.1 to 40.0 

0 I0 20 30 40 50 
Skin temperature - O C  

Figure 16. Hand blood flow vs. skin temperature, room temperature = 

30.1 to 4 0 . 0 ~ ~ .  



Finger 

Figure 1 7 .  Finger blood flow vs. sk in  temperature, room temperature = 

15 t o  4 5 ' ~ .  



Finger Room temperoture 0.0 to 15.0 

0 20  30 4 0  50 
Skin t empero t ure - O C  

Figure 18. Finger blood flow v s .  skin temperature, room temperature = 

0.0  to 15.0°c. 



Finger Room temperoture 15.1 to 20.0 

0 I0 2 0  30 40 50 
Skin temperature - OC 

Figure 19.  Finger blood f low v s .  skin temperature, room temperature = 

15.1 to 20.0'~. 



Finger Room temperature 20.1 t o  25 .0  

0 10 2 0  30 40 50 
Skin temperature - O C  

Figure 20. Finger blood flow vs. skin temperaturz, room temperature = 

20.1 t o  2 5 . 0 ' ~ .  



Finqer Room temperature 25.1 to 30.0 

0 !O 20 30 40 50 
Skin temperature - O C  

Figure 21. Finger blood f low vs. skin tzmperature, room temperature = 

25 .1  t o  30.0'~. 



Finger Room t emperoture 30.1 to 35.0 

0 I0 20 30 40 50 
Skin ternperoture - O C  

Figure 22. Finger blood flow vs. skin temperaturt, room temperature = 

30.1 to 3 5 . 0 ~ ~ .  



Finger Room temper oture 35.1 to 40.G 

0 !O 20 30 40 50 
Skin temper at ure - O C  

Figure 23. Finger blood flow vs. skin temperature, roo: zenperature = 

35.1 to 40.5~2. 



Ftnqer Room temperature 40.1 to 45.0 

Figure 24.  Finger blood flow vs.  skin temperature, room temperature = 



A 1 1  of t h e  d a t a  shown i n  F i g u r e s  3 through 24 treat each  expe r i -  

mental  v a l u e  s q u a l l y ,  independent of  t h e  number o f  s u b j e c t s  used 

t o  o b t a i n  e a c h  blood f low value .  The number o f  s u b j e c t s  used i n  

each  experiment  was accounted  f o r  by f i t t i n g  s s u b j e c t  ue igh red  

cum-e through t h e  d a t a  p re sen ted  i n  each  rwm tempera ture  range  

f o r  each  body segment. No at tempt u a s  made t o  develop  such  a cu rve  

f o r  3 body segment u n l e s s  t h r e e  o r  more d a t a  p o i n t s  were inc luded  

0 i n  s g iven  5 C room t empera tu re  r a r~pc .  The series of s u b j e c t  

weighted blood f low v s .  s k i n  t e n p e r a t x r r  c u r v e s  f o r  t h e  forearm, 

hand and f i n g e r  a r e  g iven  i n  F igu res  ' 5 .  26 and 27, r e s p e c t i v e l y .  

Three room tempera ture  r anges  a r e  r e p r e s e n t e d  i n  F igu re  25: 15.1 

0 t o  20.0 C, 20.1 t o  2 5 . 0 ' ~  and 25.1 t o  3 0 - 3 @ ~ .  S i s  room t e r ipe ra tu re  

t r a c e s  are g iven  i n  F igu re  26 f o r  t h e  hand blood f?ow betvcen  0.0 

O 
t o  40.0 C: room tempera ture .  lkd r m ~  t c z p e r 3 t u r e  r anges  are s h o ~ .  

i n  F igu re  27 f o r  f i n g e r  blood flow, 20.1 t o  2 5 . 0 ~ ~  and 25.1 t o  

30. OOC. 

Tht- v a r i o u s  t r a c e s  shown i n  F i g u r e s  25,  26 and 27 e x h i b i t  t h e  same 

jieneral t r e n d s  f o r  each  of t h e  t h r e e  bodv s e p c n t s .  X minimum blood 

o 
f low is achieved a t  a p p r o x i m t e l y  20 C s k i n  tempera turc .  At s k i n  

t empera tu re s  lt-wer t h a n  - 2 0 O ~  cold  \ * a s o d i l a t i o n  produces a n  i n c r e a s e  

i n  segmental blood f low. The blood f low a l s o  beg ins  t o  i n c r e a s e  f o r  

0 
s k i n  tempera tures  above -20 C .  Between s k i n  t t m p r r a t u r c s  of 2 0 ' ~  

t o  about  32OC t h e  r a t e  of i n c r e a s e  w i t h  tempera ture  is approximate ly  

m l  l i n e a r  w i t h  a s l o p e  of -0 .2  t o  0.7 
iO0 ml-nin 

/ O C .  ttbovc 3 2 O ~  t h e  

-.i 3 -  



0 I0 20 30 40 50 
Skin tmveroture. *C 

Figure 25. Forearm blood flow vs. skin temperature, for various 

weighted room temperature ranges. 

subject 



0 10 20 30 40  50 

Skin temperoture, O C  

L 

Figure 26. Hand b lood  flow vs. s k i n  temperature, for various s u b j e c t  

we ighted  room temperature ranges. 
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Figure 27. Finger blood flow vs. skin temperature, for various 

subject weighted room temperature ranges. 



rate of inc rease  becomes much l a r g e r  approaching a v e r t i c a l  s lope  

a t  about 40°c s k i n  temperature. 

Based upon t h e  l imi ted  d a t a  represented i n  t h i s  l i t e r a t u r e  search 

it is d i f f i c u l t  zo draw any q u a n t i t a t i v e  conclus ions  regarding t h e  

d i f f e r e n c e s  i n  segmental blood flow o r  t h e  e f f e c t  of inc reas ing  

ambient temperatures a t  cons tan t  s k i n  temperature. However, s e v e r a l  

q u a l i t a t i v e  observat ions  have been made a s  follows: 

A. Segmental d i f f e r e n c e s  i n  blood flow with  inc reas ing  s k i n  

temperature; 

0 
1. For a given s k i n  temperature between 20 C t o  3 2 O ~  and equal 

ambient temperatures more blood per  t i s s u e  volume per  minute 

passes througk t h e  more d i s t a l  body segments, 

2. The s k i n  temperature a t  which pronounced v a s o d i l a t i o n  occurs  

seems t o  decrease  f o r  t h e  more d i s t a l  por t ions  of t h e  body, 

0 3. A t  s k i n  temperatures higher than -32 C t h e  rate of inc rease  

i n  blood flow with  s k i n  temperature is g r e a t e r  f o r  t h e  more 

d i s t a l  body segments, 

4. The maximum blood flow a t  extreme s k i n  temperatures is much 

l a r g e r  f o r  t h e  more d i s t a l  body segments, 

5. The extent  of cold  v a s o d i l a t i o n  a t  s k i n  temperatures below 

-20°c is g r e a t e r  f o r  t h e  hand than t h e  forearm. 

8. I i ~ f l u e n c e  of ambient temperature on t h e  e f f e c t  of segmental s k i n  

temperature: 

1. A t  a given s k i n  temperature t h e  blood flow through a body seg- 

ment tends  t o  be higher  wi th  increas ing ambient temperatures,  

-47- 



2. The abso lu te  e f f e c t  of ambient temperature upon hand blood 

flow is less pronounced at  lower s k i n  temperatures than at  

s k i n  temperatures above -32'~. 

3. Above - 3 5 ' ~  t h e  e f f e c t  of ambient temperature, a t  a given 

s k i n  temperature,  upon forearm blood flow tends  t o  decrease,  

4. The rate of inc rease  i n  segmental blood flow wi th  s k i n  

temperaturz above - 3 2 ' ~  is higher i n  a warm environment than 

i n  a cold  one. 
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APPENDIX B: ABSTRACTS OF REPORTS YlELDINC QUANTITATIVE 

BLOOD now VALUES. 

Abramson, D. I. and F i e r s t ,  S. M. 

"Resting blood flow and per iphera l  vascular  response i n  t j p e r t e n s i v e  
subjects ."  

American Heart Journal ,  23:84-96, January-June, 1942 

Authors' Summary 

The rate of r e s t i n g  blood flow was s tudied i n  a s e r i e s  of 

seventy hyper tensive  and n ine ty  normal s u b j e c t s  by means of t h e  

venous occlus ion plethysmographic method. It was found t h a t  i n  t h e  

hypertensive p a t i e n t s  t h e  r e s t i n g  blood flow i n  t h e  forearm and l e g  

was s i g n i f i c a n t l y  g r e a t e r  than t h a t  i n  t h e  normal group. 

I n  the  hand, however, t h e  average blood flow was much less i n  

t h e  hypertensive than i n  t h e  c o n t r o l  subjects .  The f a c t  t h a t  t h e  

blood v e s s e l s  i n  t h e  hand a r e  under t h e  c o n t r o l  of t h e  vasomotor 

c e n t e r ,  whereas those  i n  t h e  f o r e a m  and l e g  a r e  l i t t l e ,  i f  a t  a l l ,  

a f f e c t e d  by vasocons t r i c to r  impulses, was considered s i g n i f i c a n t  i n  

t h i s  r espec t  . 
A period of l o c a l  anoxemia w a s  found t o  e l i c i t  a response of 

equal magnitude i n  both  t h e  hyper tensive  and t h e  normal s u b j e c t .  

S imi la r ly ,  t h e  blood flow repayment a f t e r  a s p e c i f i e d  amount of 

work was t h e  same i n  t h e  two groups. Evidence was obtained which 

suggested t h a t  t h e  venous bed i n  t h e  e x t r e m i t i e s  i n  hyper tension 

is i n  a s t a t e  of normal tonus. 



Abramson, D. I., Rickert ,  B. L., Alexis,  J. T. and Hlavova, A. 

"Effect of ambient temperature on c i r cu l a to ry  response t o  experi- 
mental ischemia i n  the  human forearm and hand." 

Arch. Phys. Med. Rehabil. , 52:97-109, March, 1971. - - 

Authors' Abstract 

The e f f e c t  of a wide range of l o c a l  ambient temperatures on 

the magnitude of c i r cu l a to ry  response t o  15  minutes of a r t e r h l  

occlusion was studied fo r  a t o t a l  of 138 times i n  t he  forearm and 

i n  t he  hand of 64 normal persons, using venous occlusion 

plethysmography. In  the forearm i t  was found tha t  t h e  l oca l  blood 

£lo: repayment i n  the period of r eac t ive  hyperemia progressively 

increased with t he  use of a stepwise e leva t ion  of the water tempera- 

t u r e  i n  the plethysmograph (bath temperature). A t  the  same time 

there  was a corresponding increase i n  the height of the peak a l t e r a -  

t i o n ,  i n  the  t i m e  t h i s  occurred, and i n  the durat ion of the  augmented 

l o c a l  c i r cu l a t i on  i n  the postocclusion period. In  the  ha2d the  

charges i n  general  were not so  c l ea rcu t  a s  those i n  t he  forearm, 

although the  same t rends were observed. The vascular beds i n  the 

sk in ,  subcutaneous t i s s u e ,  and muscle a l l  contributed t o  t h e  c i rcu-  

l a t o r y  changes e l i c i t e d  by ischemia. Information obtained by com- 

paring the magnitude of t h e  ac tua l  blood flow repayment with the 

f i gu re  represent ing the t heo re t i ca l  o r  predicted blood flow debt 

supported the view tha t  under physiologic conditions,  the cutaneous 

c i r c u l a t i o n  i n  the  hand, besides i ts  r o l e  i n  the s a t i s f a c t i o n  of 

the  metabolic needs of t i s sues ,  a l s o  has a very important funct ion 

i n  t he  procezs of heat d i ss ipa t ion .  I n  the forearm, t h i s  aspect of 

t he  c i r cu l a t i on  is of minimal s ignif icance.  



Abramson, D. I., Zazeela, H. and Marrus, J. 

"Plethysmographic s t u d i e s  of pe r iphera l  blood f law i n  man." 

American Heart Journa l ,  17:206-217, January-June, 1939. 

Authors' Summary 

The var ious  physiologic f a c t o r s  which may modify normal r e s t -  

ing blood flow determinat ions  a r e  d i scussed ,  and methods f o r  

obv ia t  ing them a r e  presented.  

The normal ranges  of blood flow v a l u e s  f o r  t h e  hand, forearm, 

and f o o t  under d i f f e r e n t  s t a t e s  of vasomotor c o n t r o l  a r e  presented 

and t h e i r  s i g n i f  icance discussed.  

A l o c a l  r e f l e x  is descr ibed which produces vasocons t r i c t ion  of 

t h e  blood v e s s e l s  of t h e  lower extremity  on r e l e a s e  of t h e  occlus ion 

p ressure  used i n  ob ta in ing  blood flow f i g u r e s .  



Bader, M. E. and Yacht, M. B. 

" Ind i rec t  pe r iphera l  v a s o d i l a t i o n  produced by t h e  warming of v a r i o u s  
body areas." 

J. of Applied Physiol. , 1 ( 3 )  :215-226, September, 1948. - 

Authors' Summary 

Skin temperatures,  r e c t a l  temperature and blood flow through t h e  

l e f t  hand were s tudied i n  two hea l thy  young males before  and a f t e r  

infra-red hea t ing  of v a r i o u s  s k i n  a rea  t o  42O t o  4 4 O ~ .  Heat w a s  

appl ied f o r  80 t o  90 minutes a f t e r  a s teady s t a t e  had been a t t a i n e d .  

The reg ions  heated were the  f a c e ,  c h e s t ,  l e f t  f o o t  and lower l e g .  
2 

The s u r f a c e  a r e a s ,  a s  determined f o r  one s u b j e c t ,  were 378 cm , 
2 364 cxn2, and 1040 cm respec t ive ly .  

A t  an ambient temperature of 15OC, face-warming r e s u l t e d  i n  a 

s i g n i f i c a n t  rise i n  s k i n  temperature of t h e  l e f t  hand. The average 

rise was 9.8'~, t h e  maximum inc rease  being 1 5 . 3 ~ ~  and t h e  minimum 

increase  being 3.5'~. Face-warming a t  t h i s  ambient temperature 

caused a s l i g h t  r i s e  i n  t h e  t o e  temperature of one s u b j e c t  and no 

change i n  t h e  t o e  temperatcre of t h e  o t h e r  sub jec t .  

A t  an ambient temperature of 1 5 ' ~ ,  f ace-warming produced a 

s i g n i f i c a n t  increase  i n  blood flow through t h e  hand, a s  measured by 

venous occ lus ion  plethysmography. The average inc rease  i n  blood 

flow through t h e  l e f t  hand was 3.1 cc/100 c c  limb t issue/min.  

A t  an  ambient temperature of 15OC, warming of e i t h e r  t h e  ches t  

o r  of one lower extremity  from t h e  t o e s  t o  j u s t  below t h e  knee 

caused no s i g n i f i c a n t  changes i n  s k i n  temperature o r  pe r iphera l  

blood flow. 

A t  an ambient temperature of 23.5'~, warming e i t h e r  the  c h e s t  

o r  t h e  f a c e  t o  42' t o  4 4 ' ~  f o r  90 minutes r e s u l t e d  i n  s i g n i f i c a n t  

rises i n  s k i n  temperature of t h e  hands and toes .  Face-warming 
0 r e s u l t e d  i n  an  average hand s k i n  temperature inc rease  of 9.3 C ,  and 

a n  average r i s e  of 6 . 3 ' ~  i n  t o e  temperature. Chest-warming r e s u l t e d  
0 

i n  an  average hand sk in  temperature inc rease  of 7.5 C and an  average 

rise of 5 .6 '~  i n  t o e  temperature. 
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A t  an ambient temperature of 23.s0c, both face-warming and 

chest-warming produced an augmentation of blood flow through the  

l e f t  hand. Face-warming was foilowed by an  average increase i n  

flow of 6.0 cc1100 cc limb tissuelmin. Chest-warming e l i c i t e d  an 

increase of 3.8 ccI100 c c  l imt  tissuelmin. 

No consis tent  a l t e r a t i o n s  i n  r e c t a l  temperature c. T skin tem- 

perature of back, forearm or thigh were noted i n  any 02 the  warming 

experiments. 

Signif icant  d i f fe rences  i n  the  e f fec t iveness  of warming various 

sk in  areas  a s  a means of inducing ind i r ec t  vasodi lat ion i n  t he  

extremit ies  have been demonstrated. The experimental r e s u l t s  sug- 

ges t  t h a t  maintaining a high skin temperature of the face may be of 

va lue  i n  the preventian of pathologic changes i n  the extremit ies  

caused by cold-induced ischemia. 



Bader, M. E. and Mead, J. 

"The e f f e c t  of l o c a l  coo l ing  and hea t ing  of t h e  f i n g e r  and wrist 
dur ing exposure t o  high ambient temperature." 

Federat ion Proceedings -- of t h e  American Physiological  Society,  8:6, 
March, 1949. 

Authors' Abstract  

U t i l i z i n g  plethysmograph cups conta ining salt s o l u t i o n  ba th ,  

scrroutded by a thermoregulated a i r  stream, wi th  thermocouples on 

t h e  sk in  beneath t h e  cups as w e l l  a s  i n  t h e  ba th ,  measurements of 

blood flow through f i n g e r  and wrist (a 1" segment approximately 

1" above t h e  r a d i a l  prominence) were made i n  a warm environment 

(32'~). Control  observat ions  were made on one arm while l o c a l  

:soling and heat ing of t h e  two reg ions  were c a r r i e d  ou t  on the  

o t h e r  arm. 

With a ba th  temperature maintained a t  OOC t h e  f i n g e r  sk in  tem- 

pera tu re  f e l l  t o  and reamined approximately a t  ~ O C ,  but blood flow 

through t h e  cooled f i n g e r  d id  not  d i f f e r  s i g n i f i c a n t l y  from base  

l i n e  va lues  p r i o r  t o  cooling,  o r  from t h e  c o n t r o l  va lues  i n  t h e  

ancooled f i n g e r .  S t imul i  such a s  pain ,  s t a r t l e  and deep resp i ra -  

t i o n  produced sudden diminution i n  blood flow through both f i n g e r s  ; 

the  decrease  w a s  t r a n s i e n t ,  blood flow r . s i n g  r a p i d l y  t o  normal 

l e v e l s  wi th in  2 minutes. The cooled f i n g e r  , however, responded 

wi th  much g r e a t e r  diminution than d i d  t h e  c o n t r o l .  Local warning 

(ba . h 44 '~ ,  s k i n  4 3 O ~ )  of t h e  f i n g e r  produced no s i g n i f i c a n t  

inc rcase  i n  blood flow. I n  t h e  w r i s t ,  l o c a l  cool ing (bath  O'C, 

s k i n  12 '~ )  d id  produce a decrease  i n  blood flow; warming increased 

t h e  flow above base l i n e  l e v e l s .  

I n  an  ind iv idua l  exposed t o  3 2 O ~ ,  l o c a l  thermal s t i m u l i  do not  

appreciably  a f f e c t  f i n g e r  blood flow, except t h a t  cool ing inc reases  

t h e  s e n s i t i v i t y  t o  some genera l  v a s o c o n s t r i c t i v e  s t i m u l i .  I n  t h e  

wrist, the i l u w  is d i r e c t l y  responsive  t o  l o c a l  temperature changes. 

The presence of a r t e r iovenous  shunts  f n  t h e  f i n g e r s  may be a f a c t o r  

i n  t h i s  d i f fe rence .  



Rsrcroft, H. and Edholm, 0. C. 

"The effec t  of temperature on blood flow and deep temperature in  
the hman forearm." 

Authors* Suermary 

The blood flow and deep raa~scle t q r a t u r e  have been mmsured 

ir. the  human forearm for  2 hr a f t e r  its Lmmersioa i n  water a t  tem- 
0 

peratures ranging from 13  t o  45.0 C. 

The average forearm blood flows range from 0 - 5  cc/100 cc fore- 

aw/min a t  1 3 . 0 ~ ~  t o  17-6 cc a t  6 5 . 0 ~ ~  . 
The flow time re la t ions  f a l l  into three groups: 

(a) 13-35-o°C. SlLght decrease i n  flow during the  2 hr. Not 

conspicuous except i n  f i r s t  15 min. 

(b) 37-42-~~C.  The flow increases t o  a maximum i n  about 1 hr, 

then decreases steadily. 

(c)  45-O"C. Increases t o  a maxlsmum in 30-45 min, then remains 

constant. 

The signif icance of these t h e  re la t ions  is discussed. 

The higher the water temperature the more frequent a r e  the 

spontaneous f lucturat  ions i n  blood flow. 

The deep muscle temperature not f a r  from the middle of the 

thickness of the  upper par t  of the forearm ranged from 18-OOC a f t e r  

2 hr immersion a t  13-o°C t o  3 9 . 0 ~ ~  af t e r  30 min kaaetsion a t  

42-5-45*~Oc. 



Barcrof t ,  H. and Edholm, 3. C. 

"Temperature and blood flow i n  t h e  hunan forearm." 

J. Physiol . ,  104:366-376. 15ib.  - 

~ u t h o r s '  Summary 

The temperatures of t h e  s k i n ,  subcutaneous t i s s u e  and deep 

muscle measured in  t h e  upper p a r t  of t h e  r e s t i n g  forearm h e d i a t e l y  
0 

a f t e r  ba r ing  were 3 3 - 0 ,  33-6  and 36-2 C r e s p e c t i v e l y .  The average 

blood flow i n  t h e  r e s t i n g  covered forearm is 3 - 1  cc/100 cc  forearm/ 

min. These f i g u r e s  a r e  compared wi th  those  f o r  t h e  f o r e a m  i n  water 

a t  d i f f e r e n t  temperatures.  

Although i t  is n a t  p o s s i b l e  e x a c t l y  t o  reproduce t h e  c o n d i t i o n s  

i n  the adequate ly  c l o t h e d  f c r e a w  by ~ r m e r s i o n  i n  uat.-r. a ua te r -  

Lath temperature o f  34 -oOc produces l e s s  a 1  t e r a t  ion  i n  these  

c o c d i t i o n s  than any o t h e r  bath  temperature.  

Ttie use  c f  t h i s  water-bath temperature dur ing  plethysmographic 

d e t  en.llr,at ions  of t h e  forearm biood flow h a s  some advantages;  they 

a r e  d i scussed .  

Tibe v a r  i UIIS forearui temperatures were measured a t  s h o r t  i n t e r -  

v a l s  f o r  2 hr  L-hilc t h e  forearm was: (1) Uncovered and exposed t o  

air.  ;he f i n a l  temperacure readings  were, s k i n  2;-9Oc, subcutaneous 

l a y e r  2 ~ - 5 ~ ~ ,  deep muscle 3 0 - 7 " ~ .  ( i i )  Immersed i n  water .  The 
0 

f i n a l  subcutaneous t e q w r a t u r e s  rang2d f r m  1 4 - 6  C (water-bath, 12 '~)  

t o  3 8 * 7 ° ~  (water-bath, 41°c). For the  deep-muscle l a y e r  t h e  
0 

corresponding f i g u r e s  were 18.6 ar.d 37.8 C r e s v e c t i v e l g .  



Bargeton, D., Durand, J., Hensch-Dechene, J., and Decaud, J. 

"Exchange of hand heat. The r o l e  of circulatory reactions and 
variat ions of the  local  temperature of a r t e r i a l  blood." (Ti t le  
Translation) 

Translation of Authors' Abstract 

Studies of heat l o s s  froel the human hand when the  l a t t e r  is 

subeerged 4,n water is a function of local  transport conditions. 

Reduction of heat loss  leads t o  s igni f icant  saving of calories .  

The temperature of the hand is a function of the surrounding tem- 

perature except below 13O i n  water and in  a i r ;  increased blood 

ci rcula t ion  tends t o  r a i s e  the temperature and maintain it a t  12O~.  

However, i n  the  so-called physiological zone heat l o s s  i n  the bath 

a t  l 5 O ~  is almost the same a s  that observed In a bath a t  35O~. 



Brown, C r .  M., Hatcher, J .  D. and Page, J. 

"Temperature and b1ocl.d flow i n  t b  forearm of t h e  E s k h . "  

-1. Applied i ' h y s i ~ ? . ,  5:4!O-420, 1053 .  - 

Authors' Summary 

An inves t iga t ion  of forearm temperature and blood flow has  

been c a r r i e d  out  on t h e  Eskimo i n  t h e  Arct ic  and on Canadian medical 

s t u d e n t s  i n  a t tmperate  c l imate .  A l l  obse rva t ions  were made a t  t h e  

low ambicnt temperature uhich t h e  E s k j w  r e q u i r e s  f o r  comfort. 

The degree of spontaneous f l u c t u a t i o n  i n  fcrearm blood flow is 

g r e a t e r  i n  the klsliino and inc reases  i n  both groups a s  t h e  l o c a l  tern- 
0 

r e r a t u r e  of t h e  forear .  .. increases .  I n  w a t e r  ba ths  shove 38 C 3 

more rap id  increase  i n  b l o ~ d  flow occurs  i n  t h e  Eskimo. The 

increased blood flow i n  t h e  f o r r a m  of t h e  Eskimo i n  exrrrrmely cold  

ba ths  is unal tered by d i s t a n t  w x i o u s  s t i m u l i .  The volume of fore- 

arm blood flow is t h e  same in  both groups when maxirmux v a s o d i l a t i o n  

is produced by t h e  G ~ O C  baths.  The blood flow of t h e  Eskimo i v  t h e  
o 

c lothed fo rea rn  and at any given water bath temperatlire belou ?r5 C 

is g r e a t e r  than t b t  of the  white man. This is i n  agrem-cnt with 

t h e  suggestion of increased heat production i n  t h e  Eskimo. 
o 

In water ba ths  below 38 C ,  t h e  forearm nntscle temperature of 

t h e  Eskimo is less than that of t h e  c o n t r o l  group. I t  is probable 

that a g r e a t e r  coo l ing  of a r t e r i a l  blood and, consequently,  of t h e  

muscle occurs  a s  3 r e s u l t  of the  g r e a t e r  venous r e t u r n  i n  t h e  

Eskimo. The increased c i r c u l a t i o n  i n  t h e  hand is very  important i n  

t h i s  r espec t .  A r e v e r s a l  of t h i s  a r t e r iovenous  heat  exchange 
0 

appcars  to  take place  a t  45  C .  



Brown, C. N. and Page, J .  

"The e f f e c t  of chronic exposure t o  cold on tanperature and blood 
flow of t h e  hand. " 

J. Applied Physiol.. 5 :221-227, 1952. - 

A conparative study on hand blood flow aad temperature has been 

car r ied  out on Eskfnos i n  the  Canadian Eastern Arctic and on medical 

s tudents  l i v ing  i n  a temperate climate. One of the  e f f e c t s  of 

chronic exposure of t h e  individual t o  cold is a reduction in the  

ambient temperature required fo r  cumfort. A t  t h i s  low ambient tem- 

perature,  the  hand blood flow of the  Eskimo is twice t h a t  of t h e  

white man and the sk in  temperature of h i s  hand is grea ter .  A t  any 

given water bath temperature, the  hand blood flow of the Eskimo is 

grea te r ,  The volume of the  hand blood flow of t h e  Eskimo changes 

more slowly i n  response t o  l oca l  ccld.  The degree of spontaneous 

f luc tua t ion  i n  h a d  blood flow is grea te r  i n  the  Eskiw, and 

increases  i n  both groups as the loca l  temperature of the hand 

increases.  The a l t e r a t i o n s  which occur i n  the  hand blood flow 

following chronic exposure t o  cold w u l d  appear t c  enhance hand 

func t iol? i n  the cold. 



Catchpole, B. N. and Jepson, R. P. 

"Hand and f inger  blood flow. " 

Cl in i ca l  Science, 14:109-120, 1955. 

A plethysmographic method of est imating f inger  blood flow is 

described and its advantases and l imi t a t ions  discussed. Finger and 

whole hand blood and heat flows a r e  recorded under r e s t i ng  condi- 

t i ons  a t  15, 20, 25 and 30 '~  hand enviroaanental temperature and 

again following a reac t ive  hyperaemia test and body heating. The 

r ed i s t r i bu t ion  and quant i ty  of f inger  and hand & a t  and blood flow 

under such conditions is described. The value of the heat flow 

d i sc  technique f o r  t he  invest igat ion of peripheral blood flow is 

discussed. 



Coffman, J. D. and Cohen, A. S. 

"Total and c a p i l l a r y  f i n g e r t i p  blood flow i n  Raynaud' s phenomenon. I' 

New England J. of Hed., 285*5) :259-263, Ju ly ,  1971. - - -- 

Authors' Abstract 

Tota l  (plethysmography) and c a p i l l a r y  (radioisotope disappear- 

ance r a t e )  f i n g e r t i p  flows were measured i n  24 p a t i e n t s  with 

Raynaud's phenomenon and compared t o  10 normal sub jec t s  in a warm 

room and during r e f l e x  sympathetic nerve s t imulat ion by body cool- 

ing. Arteriovenous shunt flow was estimated by subt rac t ion  of 

c a p i l l a r y  from t o t a l  flow. Pa t i en t s  with Raynaud's phenomenon had 

a s ign i f i can t ly  smaller c a p i l l a r y  flow i n  both warm (6.4 vs. 10 m l  

per 100 g per minute) and cool  (4.0 vs. 7.0 ad) rooms than normal 

subjects .  With body cooling, t o t a l  and arteriovenous shunt flow, 

but not c a p i l l a r y  flow, decreased s i g n i f i c a n t l y  i n  normal cont ro ls ,  

whereas a l l  th ree  decreased i n  Raynaud 's phenomenon. During o r a l  

reserpine treatment 11 pat i en t  s with Raynaud ' s phenomenon shared 

a s ign i f i can t ly  l a rge r  c a p i l l a r y  flow during warming (8.7 vs .  

5.7 ml) and cooling (6.2 vs. 2.8 m l ) .  Pa t i en t s  with Raynaud's 

phenomenon have a smaller f inger  n u t r i t i o n a l  (cap i l la ry)  flow than 

normal subjects ,  and t h i s  flow decreases s i p i f  i c an t ly  during 

sympathetic s t imulat ion;  reserpine produces increased f inger  

n u t r i t i o n a l  flow i n  these pa t ien ts .  



Cooper, K. E., Edholm, 0. G. and Mottran, R. F. 

"The blood flow in sk in  and muscle of t he  human forearm." 

J .  Physiol., 128:258-267, 1955. - 

Authors' Summary 

Forearm blood flows were measured, a t  a room temperature of 

23-25'~ before and a f t e r  iontophoresis of adrenal ine i n t o  the  sk in  

of the arm. 

Evidence is presented suggesting t h a t  the sk in  blood flow is 

e f f ec t ive ly  stopped by the  adrenaline iontophoresis. 

Over a range of forearm blood flow from 1-45 t o  10-5 m l l  

100 ml f orearm/min, i n  thirty-one experiments, the  muscle blood 

flow w a s  found t o  vary between 1 - 8  and 9 - 6  m l  bloodf100 m l  muscle/ 

min, and the skin blood flow between 0 and 70-5 m1/100 m l  skin/min. 

The muscle blood flows and the  skin blood flows have been plot ted 

aga ins t  the r e s t i ng  forearm flows, the  re la t ionship  being shown. 

The e r r o r s  i n  t he  technique, t he  comparison of these r e s u l t s  

with those of other workers, and the poss ib i l i t y  of predict ing skin 

and muscle flows from the  t o t a l  forearm blood flows a r e  discussed. 



F e r r i s ,  Jr., 0.  C., Fors te r  11, R.  E., P i l l i o n ,  E. L. and Chris tensen,  
w. R. 

"Control of pe r iphera l  blood flow: Responses i n  the  human hand when 
e x t r e m i t i e s  are warmed." 

American - J. Physiol . ,  150:304-314, 1947. 

Authors' Summary 

The blood flow of t h e  hands of two l i g h t l y  c lad ,  hea l thy ,  white,  

male s u b j e c t s  w a s  inves t iga ted  a t  ambient temperatures ranging from 
0 

16.6' t o  30.2 C, by means of two ple thysnocalor imeters .  I n  t h i s  

i n v e s t i g a t i o n ,  one hand was heated t o  v a r i o u s  l e v e l s  of s k i n  tempera- 

t u r e  and any a l t e r a t i o n s  i n  t h e  s k i n  temperature and blood flow of 

t h e  oppos i t e  hand were recorded. 

Deep t i s s u e  temperatures indicated tha t  t h e  hea t ing  and coo l ing  

of t h e  r e s p e c t i v e  e x t r e m i t i e s  was not confined t o  t h e  sk in .  

Fur ther  s t u d i e s  were conducted i n  which e i t h e r  one o r  two l e g s  

were immersed t o  a depth of 39 cm i n  hot  water ba ths  (38O~,  40°c, 

and 42'~) a t  a n  ambient temperature of 17.5'~; t h e  e f f e c t s  on hand 

s k i n  temperature and blood f low were observed. 

Uhen a "steady s t a t e "  h a s  been reached a t  ambient temperatitres 

of 21.5'~ and lower, the  blood flow i n  t h e  hand appears  t o  be 

dependent upon t h e  o v e r a l l  need of t h e  body f o r  t h e  conservat ion of 

d i s s i p a t i o n  of hea t .  I n d i r e c t  v a s o d i l a t i o n  can be induced i f  

s u f f i c i e n t  hea t  is appl ied.  
0 0 

A t  ambient temperatures of 21.5 t o  25 C ,  a d e l i c a t e  vasomotor 

hzlance e x i s t s  and s l i g h t  a d d i t i o n s  of heat  t o  one p a r t  of t h e  body 

produce v a s o d i l a t a t i o n  i n  o t h e r  p a r t s .  

4 t  a n  ambient temperature of 30°c, a n  inc rease  i n  t h e  blood 

flow of t h e  heated hand occurs.  This may be regarded a s  a p r o t e c t i v e  

mechanism f o r  t h e  removal of excess hea t .  A t  t h i s  temperature,  no 

s i g n i f i c a n t  changes were observed i n  the unheated hand. 

The r e s u l t s  of these  s t u d i e s  appear t o  i n d i c a t e  t h a t  under cold 

ambient cond i t ions  ( 2 1 . 5 ~ ~  o r  lower),  t h e  c e n t r a l  mechanism c o n t r o l s  

pe r iphera l  blood flow f o r  t h e  purpose of conservat ion cf d i s s i p a t i o n  



of heat, whereas in higher temperature ranges, local control may 

become active and indirect vasodilation may be induced. 



Forster  11, R. E., Fe r r i s ,  Jr., B. G. and Day, R. 

"The re la t ionship  between t o t a l  heat exchange and blood flow i n  t h e  
hand a t  var ious ambient temperatures . " 

American J. Physiol., 146:600-609, 1946. 

~ u t h o r s '  Summary 

An a i r  f i l l e d  combination plethysmograph and calorimeter has 

been constructed which measures the blood flow i n  the  hand, and the  

heat l o s s  by radiat ion,  convection and evaporation. Measurements 

have been made of blood flow and of heat l o s s  with the e n t i r e  body 

exposed t o  ambient temperatures of from 15 t o  3 8 O ~ .  

Hand blood flow r a t e s  a s  low a s  0.15 cc per hundred cubic 

centimeters of hand t i s s u e  were recorded a f t e r  exposure of t h e  body 

t o  the cold f o r  several  hours. 

The temperature drop i n  the blood as it passes through the  

hand can be calculated from the  f igures  obtained. It is submitted 

tha t  t he re  must be considerable cooling of a r t e r i a l  blood before 

it en te r s  the hand. 



Grayson, J. 

"Reactions of t he  per ipheral  c i r cu l a t i on  t o  ex te rna l  heac. " 

J. Physiol. , 109:53-63, 1949. - 

Author's Sumnary 

An improved plethysmograph is described f o r  the  measurement of 

f inger  blood flows, and a technique is described f o r  t he  est imat ion 

of blood flow changes i n  the  f i nge r s  and forearm i n  response t o  

changing environmental temperatures . 
The response of the sk in  c i r cu l a t i on  t o  r i s i n g  environmental 

temperatures is described. It cons i s t s  of : 

(a) An increase i n  sk in  blood flow as the  environment warms t o  

approximately 36'~. 

(b) A decrease i n  sk in  blood flow as the  environmect rises i n  

temperature from 36 t o  40'~. 

(c) An increase i n  blood flow a s  the  environmental temperature 

rises above 40'~. 

During phase (a) and (b) t h e  body temperature remains steady 

o r  f a l l s ,  and the re  is no change i n  muscle blood flow. 

During the  f i n a l  phase (c) t h e  body temperature increases ,  

forearm blood flow r i s e s  and persp i ra t ion  begins. 

The vasoconstr ic t ion t h a t  occurs i n  t he  sk in  when the environ- 
0 mental temperature r i s e s  above 36-0 C may be a temperature regulat ing 

mechanrsm. 

Forearm blood flows do not respond t o  environmental temperature 

changes u n t i l  t h e  body temperature has r i sen .  

The e f f e r en t  pathway f o r  t t  - s e  vascular e f f e c t s  is i n  the 

sympathetic nerves. 



Hertzman, A. B. and Randall, W. C. 

"Regional d i f fe rences  i n  the basal  and maximal r a t e s  of blood flow 
i n  the  skin." 

j. Applied Physiol., 1(3):234-241, September, 1948. - 
Authors' Sumaary 

The basal  blood flows i n  t he  var ious sk in  regions of the  body 

were estimated from the  consecutive recordings by the photoelectr ic  

plethysmograph of the cutaneous volume pulses  i n  these skin regions.  

Rates of blood flow were calculated by applying t o  these records the  

flow equivalent of t he  sk in  pulse a s  estimated previously on the 

f inger .  'r'he t o t a l  cutaneous blood flow was obtained from t h e  sum 

of t h e  flows i n  the var ious skin regions. The values  thus  estimated 

were somewhat higher than those which have been calculated from 

thermal da ta  but were still  of t he  same order of magnitude (160- 
2 250 cc/M Imin.). Reasons f o r  t he  d i f fe rences  between the  va lues  f o r  

skin blood flows a s  derived from thermal and skin pulse  da t a  a r e  

discussed. 

Regional d i f fe rences  i n  the  basal r a t e s  of cutaneous blood flow 

a r e  exhibited in  the data .  Flows a r e  approximately uniform and equal 

i n  the  sk in  of the  trunk, arm and leg  but considerably higher i n  t h e  

palmar and plantar  surfaces  and i n  t he  sk in  of the face  and head. 

Regional d i f fe rences  i n  the maximal r a t e s  of cutaneous blood 

flow (maximal d i l a t a t i o n  as e l i c i t e d  by heat  o r  by t h e  iontophoresis 

of histamine o r  of mecholyl) follow the same general  region21 pa t te rn  

a s  shown i n  t he  basal  r a t e s  of flow and appear t o  be s e t  by the  

vascular morphology ( s i ze  and number of ve s se l s ) .  

An argument is b r i e t l y  summarized t o  show tha t  t h e  estimatic . 
of t h e  r a t e s  of cutaneous blood flows from the  photoelectr ic  recordings 

of t he  sk in  volume pulses is s u f f i c i e n t l y  cor rec t  t o  have value i n  the  

study of vascular reactions i n  the  skin.  



Hil les tad ,  L. K. 

"Plethysmographic s tud i e s  of the blood flow through n; - nal hands. I' 

Angiology , 13 : 161-168, Apri l ,  1362. 

~ u t h o r s '  Summary 

An experimental study of the  normal h n d  flow by means of 

plethysmography has been done, and a system founded f o r  d i s t inguish-  

ing between normal and p a t h o l ~ z i c  hand blood flow. 

The great  range of normal r e s t i ng  hand flow made t h i s  method 

unsui table  fo r  separat ing normal from disordered hand blood flow. 

Introduction of t he  r eac t ive  hyperemia flow following graded 

c i r cu l a to ry  a r r e s t  made such a d i s t i n c t i o n  possible.  

Furthermore, it became possible  t o  d i s t i ngu i sh  between -rasospast i c  

and o b l i t e r a t i v e  a r t e r i a l  d i sease  of the  hand. 

The hyperemia flow curve r.ld its use a r e  discussed. It is 

demonstrated t h a t  the  peak [ L O W  a lone may be an unre l iab le  representa- 

t i v e  f o r  t he  h y p e r ~ i a  flow. For a cor rec t  assessment t he  t o t a l  

increase of flow should be incorporated i n  the  ca lcu la t ions .  I n  t h i s  

repor t  the  hyp~remia flow was expressed by the peak flow, the a rea  

and the repayment. Their d i f  f ercnt  b e h v i o r  by d i r e c t  heat ing i s  

shown. 

A co l lec t ing  pressure of 50 or  60 mm Hg gavc: .,e bes t  volume 

increase and did not i n t e r f  e r e  with the a r t e r i a l  i r ~ f  low immediately 

a f t e r  r e l ez se  of t he  c i r cu l a to ry  a r r e s t .  

In  sequences of equal periods of c i r cu l a to ry  a r r e s t  a small 

decrease of hyperemia flows occurred, contrary t o  what has e a r l i e r  

been found. 

The methodologic v a r i a b i l i t y  of hand plethysmography has been 

examined during s ing le  experiments and i n  the  course of some weeks. 

Tha va r i a t i on  found made plethysmography acceptable f o r  c l i n i c a l  

research. The v a r i a t i o n  was l e s s  with the  subjec ts  seated than 

supine. 



Hillestad , L. 

"Research on peripheral hemodyaamics i n  various disease s ta tes .  ** 

Acta. med. scand 188 : 191-195, 1970. - - -.' 

Author's Abstract 

By m e a n s  of plethysmography a t  t he  local  temperatures of 32 

and GOOC a basis  has been provided i n  ter-s of blood flow fo r  d is -  

t inc t  ion between vascular disorders of d i f ferent  etiology. This 

procedure of local  heating produced a conspicuous f a l l  of t:a blood 

flow in  a r t e r i t i s  and i n  s t ruc tura l  a r t e r i a l  disease on the border 

of gangrene. The s igr i f icance  of t h i s  obserratlon is b r i e f ly  dis-  

cussed. A corsitiez .ble vascular reserve capacity was deiwnstrated 

in threatening gangrene a s  we11  a s  in  coaiplete vasoconstriction. 

The obvious inab i l i ty  t o  put t h i s  reserve t o  use even urder such 

extreme needs is commented. Examples a r e  glven af the benefi ts  

derived from a correct c l i n i c a l  assessment and use of h d y n a m i c  

measurements. 



Kil l ian ,  J. A. and Oclassen, C. A. 

"Comparatfve e f f e c t s  of water baths  upon body temperature ." 
American ka r t  J . ,  15:425-433, 1938. 

Authors' Su~erary 

Mustard baths  containing 0.6 percent mustard have accelerated 

the  rate of per ipheral  blood flow i n t o  both hands a d  f e e t  above t h e  

l e v e l s  found f o r  water baths  a t  s imi l a r  temperatures, between 

approximately 3S0c and 40'~. In  three  experiments on the  hand t he  

average increase found f o r  the mustard baths above the l e v e l s  of t h e  

water baths w a s  74 percent. I n  seven experiments on the  foot ,  the 

average increase found f o r  the mustard baths above the l e v e l s  f o r  

the water ba ths  was 51 percent. 

Cooling t h e  surface of t he  sk in  of e i t h e r  t h e  hands o r  t he  f e e t ,  

by h n e r s i o n  t n  water a t  30 t o  2s0c, depresses the  r a t e s  of per ipheral  

blood flow t o  l evo l s  of 40 t o  25 percent of t he  average l e v e l s  a t  t h e  

average normal temperature of the skin. 
0 

In  comparative experiments a t  25 C on one subject  t he re  w a s  

noted no s ign i f i can t  d i f fe rence  between the  e f f e c t s  of mustard baths  

and water baths upon the  r a t e s  of per ipheral  blood flow i n  the  hands. 

However, adding mustard t o  the  water a t  3 0 ' ~  markedly increased (150 

percent) the  r a t e  of per ipheral  blood f l m  i n  the  hand above the  

l e v e l  f o r  t h e  water bath. A t  3S°C a smaller d i f fe rence  was noted 

(46 percent),  and a t  4 0 ' ~  no s ign i f i can t  d i f fe rence  was found between 

the e f f ec t s .  

A t  temperatures of 25 and 30°C the mustard bath did not a f f e c t  

rhe r a t e  of per ipheral  blood flow i n  the  foot  more than the  water 

bath. A t  temperatures between 35 and 40°C, the mustard bath did 

increase the r a t e  of blood flow from 17 t o  69 percent above the 

average r % t e s  f o r  water baths a t  these  temperatures. 



Ludbrook, J . 
"The e f f e c t  of t he  thermal enviromect  on pressure-flow curves f o r  
human skin.'' 

Aust. J. exp. w. ped. K., 49:185-196, 1971. - -  

Aut'mr's Summary 

A pressure-box was used t o  reduce =an perfusion pressure i n  

the  upper limb. Pressure-flow curves f o r  the  sk in  of the  hand and 

forearm were constructed under a va r i e ty  of conditions. The blood 

flow t o  the  skin of t he  forearm was examined by plethysmography 

before and a f t e r  adrenal ine iontophoresis, a f t e r  a l t e r a t i o n s  t o  

the loca l  thermal environment and a f t e r  body-heating. The sk in  of 

t h e  hand was examined by the  l a t t e r  two techniques and by heat-flow 

d iscs .  No  evidence was found f o r  autoregulation of blood flow i n  

sk in  under any of these circumstances. 



Roddie, I. C. and Shepherd, J. T. 

"The blood flow through the  hand during l o c a l  heating, r e l ea se  of 
sympathetic vasomotor tone by ind i r ec t  heating, and a combination 
of both." 

J. Physiol . , 131 : 657-664, 1956. - 

The blood flow through both hands of each of SIX normal subjec ts  

u s  measured by venous occlusion plethys~ography. 

k?-sn the  tmpera tu re  of t he  water i n  one plethysmgraph was 

ra ised  from 32 t o  44O~,  the blood £1~;. through t h a t  hand ro se  t o  a n  

average value of 33 d / 1 0 0  mllmin, &..P t h e  flow through the  oppo- 

s i t e  hand kept a t  32OC remained subs tan t ia l ly  unchanged. On now 

re leas ing  vasomotor tone by inasersion of the f e e t  and l e g s  in water 

a t  4b0c, the flow through the loca l ly  heated hand averaged 50 m l ,  

while t h a t  through the  other  hand averaged 28 m11100 nllmin. 

Uhen vasomotor tone was released by h e r s i o n  of t he  body i n  

a bath a t  42-43OC a period of equiiibrium was not obtained, but the 

flow through the loca l ly  heated hand remained a t  a higher l e v e l  

throughout. A t  the end of the experiment the  flow through t h i s  hand 

averaged 56 m l ,  compared with 38 m1/100 mllmin through the  hand i n  

water a t  32'~. A s imi la r  f i n a l  r e s u l t  was obtained when the order  

was reversed and vasomotor tone t.as released before i o c a l  heating 

was applied. 

It is concluded t h a t  the hand blood flow is raised t o  much 

higher l eve l s  hy a crrebination of l o c a l  heating and r e l ease  of 

sympathetic vasomotor tone than by e i t h e r  procedure separately.  



Spealnan, C. R. 

"Effect of ambient a i r  cernperature and of h a d  temperature on blood 
flow i n  hands.'' 

American J. Physiol. , 145 :218-222, 1945. 

Measurements of blood flow i n  hands were made on your-  men (18 

t o  35 years of age) s i t t i n g  i n  uuncomfortablv warm,  comfortable, and 

uncomfortably cold ensiromnents with hands inanersed i n  water a t  
0 

temperatures ranging from 2 t o  35 C. 

Under c m f o r t a b l e  environmental conditions,  blood flow was l e s s  

i n  moderately cold hands (0.9 cc1100 cclmin f o r  hands i n  water a t  

15'~) than i n  very cold hands (4.3 cc/100 c c l m  f o r  hands i n  water 

at 5'~) o r  i n  warm hands (5.9 ccI100 cclmin f o r  hands i n  water a t  

35'~). A qua l i t a t i ve ly  s imi la r  re la t ionship  exis ted i n  uncomfortably 

warm environment, however, blood flow in  moderately cold hands 

(water temperature, 15 '~)  was about the  same as  i n  very cold h a d s  

(water temperature, ~ O C ) .  

A t  any given hand temperature, blood flow was grea ter  the  

warmer the  body. This e f f e c t  was most pronounced In moderately cold 

hands (ea. 15'~)  where biood flow in  the case of the uncomfortably 

warm environment was about twenty times t h a t  i n  the uncomfortably 

cold environment, and l e a s t  pronounced i n  very cold hands (ea. 10'~) 

where the difference was only about three fold. 


