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The Size of the Aorta in Warm-Blooded Animals and its
Relationship to the Body Weight and to the Surface Area
Expressed wn a Formula.

By GEORGES DREYER, WILLIAM RAY, and E. W. AINLEY WALKER.

(Commiunicated by Francis Gotch, F.R.S. Received September 30,—Read
December 5, 1912.)

(From the Department of Pathology, University of Oxford.)

In recent years it has become increasingly evident that many of the most
important problems of physiology and of experimental pathology cannot be
investigated in a satisfactory manner until accurate data have been made
available regarding the quantitative differences which are exhibited by the
organs, tissues, and fluids of the body in normal animals of different species
and of varying weights. Results obtained with animals of any given weight
cannot be applied, even within one and the same species, to yield con-
clusions regarding animals of a different weight until it has been determined
with precision how the various organs and tissues of the body are related
to the size of the individual. Moreover, it will not be possible to compare
one species with another, or to apply the results deduced from any given
species to any other species of animal, until we can establish the existence
of some kind of quantitative correlation between the measurements in
different species. That this will prove to be possible seems likely from an
examination of the results already obtained by us in studying the various
factors which influence the circulatory system and determine the size of
the heart (1).

In connection with our study of the blood and cardio-vascular system
under normal and pathological conditions, it was shown that the blood
volume of normal animals of any given species is proportional to their body
surface, and follows the formula B = W=/k, where £ is a constant for the
species and # is approximately 0-70-0'72(2), (3). Accordingly it became
of interest, in view of the theories which have been put forward regarding
the volume of the blood and the size of the aorta in chlorotic conditions, to

endeavour to determine how the size of the aorta is related to the weight

of the individual in any given species of animal.

For this purpose we have made a series of measurements of the aorta in
various mammals and birds (4). In the case of the birds some of -the
measurements which:we have made use of were carried out by Mr. H. K. Fry
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in connection with other work undertaken in the department in collaboration
with one of us (G. D.), but not yet published. _ ,

All the animals used were strong and healthy and in good condition.
They had been kept in the laboratory under as equable conditions as
possible as regards food, etc., and, of course, had not been employed in any
previous experiment. Pregnant animals were naturally excluded.

Methods.—The animals were killed, the aorta divided just above the
semilunar valves (care being taken that the section should be accurately
transverse), and a portion removed from the body by cutting through the
aortic arch after careful dissection. The proximal end of this portion of
the aorta was then measured in the following manner :—The severed artery
is' placed in a special holder, closing with parallel limbs by means of which
a uniform and gentle pressure is applied to the vessel until its lumen is
just obliterated, and the walls meet in a straight line along the middle of the
-closed vessel. This straight line is then measured with fine-pointed compasses
~“and the measurement pricked off on a piece of hard glazed drawing paper.
-This length represents half the internal circumference (mr) of the vessel.
The external measurement is recorded in a similar manner. The vessel is
then released completely and the process repeated again and again until from
four to eight independent measurements (both internal and external) have
been recorded. Great care is taken to avoid squeezing the vessel unduly.
At the same time sufficient pressure must be applied to ensure that the walls
lie quite flat against each other. The lengths thus pricked off upon the
paper form a permanent record, and are subsequently measured by means of
special callipers, fitted with a vernier scale which allows readings to be made
t0 1/20 mm. From the observed zr» the radius and the sectional area of the
vessel are determined. The internal measurements are those made use of in
the present communication, which deals only with the capacity of the vessel.

It must be observed that while the measurements which we have made
give a reliable value for the (internal) circumference of the aorta within
each species, they do not necessarily afford an absolute measure of the
size of the vessel in these animals at any given phase of the circulation
during life.

The method here made use of was selected because it proved to yield the
best results in our hands, particularly in the case of small animals. But it
is open to considerable experimental error. This source of fallacy, however,
is greatly reduced by multiplying the number of individual observations of
each artery. It also diminishes greatly with increasing experience.

Own Observations.—In all the tables the body weight recorded is the
natural weight (in grammes) of the animal immediately before it was killed,
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and consequently includes the weight of the contents of the alimentary
canal, <. it is “ Rohgewicht.” The aortic radius is calculated in millimetres
and the sectional area in square millimetres from the observed 7.

Table I.—Guinea Pigs (individuals).
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1 3 130 0643 13 24 4 10 1-27 2°36 101 287
2 ? 140 0679 1 44 232 103 134 7 46 1-09 32°1
3 ? 170 0 *586 1-08 355 0 ‘64 154 29 ‘87 133 188
4 ? 170 0599 1-12 342 066 154 27 27 133 158
5 ? 170 | 0°860 | 2°32 165 136 154 5065 1-33 745
6 ? 200 0774 1-88 229 094 178 © 867 156 205
7 3 205 0 °829 2°15 20 *4 1°05 176 22°16 16 34 4
8 | ¢ 210 | 0796 199 | 224 0-95 179 11-17 164 21 4
9 3 220 | 0745 174 | 26°5 079 185 595 172 116
10 Q 220 | 0752 1477 | 260 08 185 4°32 172 291
11 3 230 | 0749 176 | 270 077 191 785 179 | 1+68
12 Q 230 0739 171 278 074 191 10 -47 179 447
13 3 232 0952 284 16 ‘8 122 1-92 47 492 1-81 56 9
14 3 300 | 078 191 30°0 064 23 16 ‘96 234 18 4
15 3 300 | 0854 | 2-28 | 25°2 076 23 087 2 34 256
16 3 305 103 334 17 4 1-09 2+33 43 *34 238 403
17 3 320 0939 277 217 0 -87 241 14.°94 25 108
18 3 330 | 0745 174 | 353 053 247 - 2955 257 662
19 ? 370 101 322 | 207 087 267 206 2-89 114
20 ? 370 0°933 273 244 074 267 225 289 554
21 3 400 0971 2496 .| 238 074 2-83 459 312 5°16
22 3 420 0-905 257 28 ‘4 0°61 2-93 1229 328 216
23 3 430 103 332 223 077 298 11 °41 335 089
24 3 490 102 3 24 25°1 066 326 061 382 15°2
25 Q| 500 | 0955 | 287 | 287 057 331 1329 39 254
26 Q 550 | 0939 | 277 | 319 05 . 3 54 2175 429 35 4
27 ? 555 1°15 4°15 21 4 075 357 16 -25 433 416
28 3 600 1-29 522 180 0-87 317 38 *46 4°68 115
29 ? 620 113 403 238 | 0°65 386 44 4-84 167
30 g 640 13 - 533 18 4 0°83 395 8494 499 681
31 ? 640 103 336 29 3 0°53 395 14 -94 499 326
32 ? | 738 112 3-92 27 7 0°53 437 10 °30 5°76 229
33 3 790 129 522 21°9 0 ‘66 458 1397 6 °16 156
34 ? 830 1-21 457 259 0°55 475 379 647 29 *4
35 3 950 123 471 27 -6 0°5 522 977 741 36 6
Average ......... 249 0-78 —_ 16 *44 — 1968

A. Mammals—In Table I are given the figures and calculations for
35 guinea-pigs ranging in weight from 130 to 950 grm. (¢.e. increasing more
than sevenfold). From this table it is at once evident that, as would be
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expected, the radius of the aorta increases much more slowly than the weight
of the animal. The area of the aortic cross-section also increases more
slowly than the body weight (though of course much more rapidly than the
radius), so that the ratio of the sectional area of the aorta to the body weight.
decreases steadily as the weight of the animal increases. But it appears on
calculation that the body weight (W) to the nth power (where n is approxi-
matély 0'70-0-72) divided by the sectional area (A)is a constant (k).

This gives us the formula W?»/A = %, which indicates that the sectional
area of the aorta is a simple function of the surface of the body since, as was
shown in a previous paper, the body surface, which can be calculated from
the formula S = FW» is more accurately determined by taking = to .be
approximately 0:71—0-72 than by taking it equal to 2/3 as was done by
Meeh (5). Now it has been proved on former occasions that the blood
volume is proportional to the body surface, hence it follows that the sectional
area of the aorta is proportional to the blood volume of the individual.

Table I further shows that the average value of % is 24-9, corresponding
to an n of 071, which is by calculation the best » for these individuals, and
that if the aortic cross-section be calculated from our formula A = W[k
using these values for n and %, the average percentage deviation between
calculated and observed values is 16:44. If, on the other hand, the sectional
area is expressed as a percentage ‘of the body weight (0-78), the average
deviation between the calculated and the observed values is 19-68 per cent.

It may be stated further that if the value 072 is taken for n, the average
value of % becomes 265, and, if the sectional area is calculated froms
A = WO72/26'5, the average percentage deviation between the calculated and
the observed figures is found to be 16:53.

In order to bring out the various points more clearly, to get rid of
irregularities due to individual variations in the animals, and to diminish the
influence of experimental error, the animals have been grouped in Table II.

In this table the guinea-pigs are arranged in five groups according to
weight, and the weights, the aortic radii, and the aortic cross-sections of the
animals in each group averaged. The other figures are calculated from these
average values. '

It is found that, under these circumstances, the best n is 072 (exactly as
we found to be the case in calculating the surface from the body weight),
and the average value of % is 25'6. Using these values for n and £, the
average deviation between the calculated and the observed figures is 2:97 per
cent., whereas, if the sectional area be calculated as a percentage (0°78) of the
body weight, the average percentage deviation becomes 142, that is to say,
nearly five times as large. Moreover, it will be observed that, while the &
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Table II.—Guinea-pigs (grouped).
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B '6-13 218 | 0794 1-98 24,4 091 189 476 17 16 47
C 14-20 328 | 0°904 | 2-57 252 078 255 078 257 0°0
D 21-27 478 0°998 3-13 271 065 332 572 373 16 ‘09
E 28-35 726 1-204 | 4°55 252 0°63 448 156 566 1961
Average ......... 256 | 078 — 2-97 —— 142

exhibits no periodic variation as the weight of the animal increases, the
figure representing the sectional area in percentage of body weight decreases
with absolute regularity from 0:93 to 063.

As regards the question of sex, if the males and females be considered
separately in Table I, it will be seen that the average %k for the 18 males is
smaller than the % for the 17 females. Thus, with % equal to 0'71, the % for
the males is 239, and that for the females 26, while with # equal to 072, k&
is 25'4 for the males and 27'6 for the females, indicating in each case that
the male animals had somewhat larger aortas than had the females of
corresponding weights. But this is a point to which we shall return.

In Table III are given the figures and calculations for the aortas of
27 rats, ranging in weight from 301 to 303 grm. (z.. increasing more
than tenfold). The average aortic constant (%) is 2137, with an » of 071,
which is the best n for these observations, and the average aortic percentage
(¢.e. sectional area of aorta expressed as a percentage of body weight) is 1-27.
It is seen that, as in the case of the guinea-pigs, the variations of the aortic
constant show no periodicity, but the aortic percentage decreases markedly
and steadily, although not regularly, as the animals increase in weight. If
the area of the aortic cross-section is calculated by our formula, the average
deviation between the calculated and the observed figures is 11-09 per cent.,
while it is 1972 per cent., or nearly twice as large, when the area is
calculated in per cent. of body weight. If the value 072 be taken for =, k
becomes 22:36, and, if these values be used in calculating the sectional
aortic area by our.formula, the average percentage deviation of the observed
from the calculated figures is 11'37 per cent.
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‘Table IIL—Rats (individuals).
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1,19 30°1 | 0°436 | 0°597 1878 198 0525 13472 | 0-382 | 56-28
2 Q 89°1 | 0417 | 0546 | 24°74 | 1-4 0632 1361 | 0°-497 9 ‘84
3 3 40°3 | 0468 | 0°681 20 08 17 0646 635 | 0512 | 34°18
4 3 472 | 0-455 | 0°657 | 2371 1-38 0722 983 | 0599 | 8°68
5 ? 53°0 | 0°493 | 0-764 | 21°94 1-44 0784 266 {0673 | 1352
6 3 56°0 | 0°510 | 0°815 | 21°38 1-46 0816 012 | 0711 1463
7 { 577 | 0°548 | 0941 18-92 163 0833 12-97 | 0733 | 2837
8 | ¢ 69°7 | 0°566 | 101 20°16 | 1°+45 0-953 598 (0885 | 1412
9 g 7556 | 0°599 | 112 1923 1-48 101 109 | 0-959 16 -79
10 ? 79°5 | 05680 | 106 2109 | 1-31 1-05 095 | 101 495
11 38 84°5 | 0669 | 14 16 '67 1°66 1-09 2844 | 107 30 -84
12 3 967 | 0484 | 0735 | 34°93 | 076 12 388 1-23 40 ‘24
13 | & | 1040|0643 | 1°3 20 *81 125 1-27 2:36 | 1-32 1-52
14 d | 1080 | 077 1-86 1494 | 172 13 4038 | 137 3577
15 d | 140°0 | 0°669 | 14 2385 | 10 1-56 1026 | 178 21356
16 g | 1410 | 0°707 | 1-57 2138 111 157 00 179 1229
17 3 | 1410 | 0°669 | 14 2397 | 0°-99 1°57 10-83 | 179 2179
18 ® | 1410 | 0678 | 144 2331 102 1-57 8-:28 | 1-79 19 -556
19 g | 1670 | 0°723 | 164 22-09 | 1-04 169 296 | 199 17 -59
20 | & | 1676|077 | 1-86 1954 | 1°18 17 941 | 2°0 70
21 g 11600 | 0819 | 2°1 1747 | 181 1-72 2209 | 2-03 345
22 g | 1640 | 0-723 | 164 2332 ) 10 175 629 | 2-08 21°15
23 d |'172:0 | 0812 | 2°07 1867 1-20 181 1436 | 2°18 505
24 3 | 1750 | 0732 | 1°68 2329 096 183 82 222 24.-32
25 g | 1790 | 0°755 | 179 2222 10 1-86 376 | 227 2115
26 d |289°0 | 0885 | 247 2262 085 2°61 536 | 367 327
27 d | 3030|101 322 17 -95 1°06 27 1778 | 385 16 -36
!
Average ......... 2137 | 1-27 — 1109 —_ 1972

In Table IV the rats are arranged in six groups according to weight,
and the aortic constant and aortic percentage are calculated from the average
figures of these groups. As in the case of the grouped guinea-pigs, the best n
is 072, giving an average % of 21-9. It will be observed that in these grouped
animals the variations in the aortic constants of the groups-are very small
and are non-periodic, while the aortic percentage falls markedly and very
regularly from 167 to 096. Using the values just stated for » and k, the
average deviation between the calculated and the observed figures for the
aortic cross-section is only 118 per cent., while it is 16'22 per cent. (nearly
14 times as large) if the area be calculated in per cent: of body weight.
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Table IV.—Rats (grouped).
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A | 1-3 365 | 0441 | 061 [21-9| 167 | 0609 | 0°16 | 0°-467 | 3062
B | 47 535 | 0503 | 0793 | 22-1| 148 | 0-802 | 112 | 0°685 | 1577
C | 812 | 812|058 | 1-07 |22:2| 132 | 108 | 0°93 | 104 | 2°88
D | 13-18 [ 129000691 | 15 |22-1| 1°16 | 151 | 066 | 165 | 9-09
E | 19-25 | 1664 | 0768 | 183 |21-7| 1-1 182 | 055 | 213 | 14-08
F | 26-27 | 2960|0952 | 285 |2L1| 096 | 275 | 364 | 379 |24°8
Average ......... 219 | 1-28 —_ 118 — | 16°22
Table V.—Rabbits (individuals).
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3| Q| 50 |1-14 | 41 |2096| 0774 382 733 | 323 | 2693
%4 | — | 767 | 1-43 | 6'44 |17°35| 084 497 | 336 467 | 379
5| 3 | 1830 |14l | 625 | 2643 | 047 735 | 1496 | 81 | 2284
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12| & | 2550 | 174 | 952 | 2754 | 0373 | 1166 | 1835 | 1553 | 38+
Average .........| 22°49 | 0°609 —_ 16 49 — 26 ‘34

* The data for the individuals indicated are taken from Keilson (6).

Table V gives the figures for the aortas of 12 rabbits, ranging in weight
from 310 grm. to 2250 grm. (¢.c. increasing more than eightfold). The average
aortic constant (%) is 2249, with an =n (best ) of 071, and the average
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aortic percentage is 0'609. The variations of the aortic constant show no
periodicity, but the aortic percentage decreases very greatly (although not
regularly) as the animals increase in weight. When the aortic area (¢.c. area
of the cross-section of the aorta) is calculated by our formula, the average
deviation of the observed from the calculated figures is 1649 per cent., while
it is 26:34 per cent. if the area be calculated in per cent. of body weight.

If the value 072 be taken for %, £ becomes 24-15. '

Table VI.—Rabbits (grouped).
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A 1-2 340 | 0961 2-91 | 216 | 0-856 284 2°46 2°14 | 8598
B 3-4 649 129 527 187 | 0-812 445 18 43 408 2917
C 5-6 1375 1-44 651 26°0 | 0473 765 149 864 | 2465
D 7-8 1763 | 172 | 91 | 222 0°516 9-°13 083 | 1107 | 1771
E 9-12 | 2207 | 184 | 1069 | 2210484  10°71 0-19 | 1386 | 2287
Average ......... 22°1 | 0-628 — 726 — 26 -08

In Table VI the rabbits are arranged in five groups according to weight,
and the aortic constant and aortic percentage are calculated from the average
figures of these groups. In this case the best » is 0'71, giving an average
k of 22-1. The variations in the aortic constant are without periodicity, but
the aortic percentage falls gradually, though not quite regularly, from 0-856
in the lightest, to 0484 in the heaviest group. Using the above values for »
and %, the average deviation of the observed figures from the calculated is
7°26 per cent., while it is 2608 per cent. (between three and four times as
great) if the area be calculated as a percentage of body weight.

We now return to examine the question of sex as regards its bearing on the
size of the aorta in these mammals. Since the number of our observations
within any one of the species can hardly be regarded as sufficient to justify a
general inference, we have taken all three species of animals together and
made the figures comparable, ¢nter se, by reducing them in terms of a common
standard. When this is done, and the male and female animals are taken
separately, it appears that the sectional area of the aortain the male expressed
as a function of the body surface is about 3 per cent. greater than it isin a
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female of the same weight. This is of special interest in view of the fact
that a difference of the same size and character was observed by two of
us in the blood volume of male and female rabbits. It may be noted,
further, in this connection that, so far as we have yet ascertained from
our data, the heart in the male animal is somewhat larger than in the female
of the same body weight and species. ’

Table VII.—Ducks (individuals).
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1 | — 70 | 0764 | 184 | 1066 | 2°62 1-82 0-82 109 | 6804
2 | — 70 | 0758 | 1-8 1087 | 2°57 1-82 11 109 | 6484
3 | — 70 | 0745 | 174 | 1121 | 2-49 1-82 44 109 | 5934

4 | — 520 1:66 764 10 42 1-47 7-88 352 8°11 58
5 | — 600 166 86 10 -23 1-43 8:26 | 4-24 936 8-12
6 ? | 1180 1°99 1242 11-39 1-05 1314 548 18 41 32 46
7 3 | 1330 | 214 143 1075 1-08 14 '3 0°:0 2075 3109
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Average ........ .| 1075 | 1°56 — 287 — 3859

B. Birds—Table VII gives the figures for the aortas of 10 ducks, ranging
in weight from 70 grm. to 2850 grm. (7.e. increasing more than fortyfold).
The average aortic constant (k) is 1075 with an » (best n) of 0-70, and the
ja,vera,ge aortic percentage is 1'56. The variations of the aortic constant are
small and show no periodicity, but the aortic percentage decreases very
greatly and with absolute regularity as the animals increase in weight.
When the aortic area (A) is calculated by our formula, the average deviation
of the observed from the calculated figures is only 2-87 per cent., while it is
38'59 per cent. (more than 13 times as great) if the area be calculated in
per cent. of body weight.

If the value 071 be taken for =, % becomes 11:64 and the average deviation
between calculated and observed values is 3'12 per cent.; with n equal to
072, & is 12:19. That the value 0'71 for n is very nearly as good as the
“best ” n (0°70) is shown by the fact that while the average deviations per
eent. are 2:87 and 312 respectively with # = 0'70 and # = 071, the mean
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deviations calculated by the method of least squares are 367 and 3'63 per
cent. respectively with the same values of n. That is to say that the value
071 gives a very slightly smaller mean deviation than the value 0°70.

Table VIII.—Fowls (individuals).
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. B g o - 53 s 15 < 15 $
4 2 55 “rm | ° % |2e8 |© 2
. h = b~ ] 2 ez §5 | S ¥ 23

+ © 9 3 < o & 2R 8 g8 9 | .9
5 & 8 T gy = Eg | EEE B
.20 & 3 8 £ B0 038 | E8p | 838
> o o =2 pty S g+ Q| g@s "’2"5 O w &
E 2 °.2 = c8m | . | Ezg | 982 | 5ag
RS £ a8 255 | 2 B |z, | 588
u g S @32 I ER-1- S HE=2 | o388 | H€HES

zls| A & < < | < 3 a 4] a
grm. mm. |sq. mm. per cent. per cent.

1| — 406 | 0-462 0°669 | 21 51 1-648 0°679 1-47 0°463 | 5413
2 | — 427 | 0°462 0°669 | 2231 1567 0 704 497 0°487 | 4353

3 | — 439 0484 | 0°736 | 2054 1-677 0-718 251 0°5 47 -2
4 ? 919 145 6°6 2061 0718 641 2-96 10 48 387°02
5 ? | 1680 172 93 21-61 0°589 948 19 18-01 48 31
6 ? | 1598 177 981 20 65 0 614 955 272 18 22 46°16
Average ......... 2121 | 1°14 — 276 — 46 06

In Table VIII are given the figures for the aortas of six fowls, ranging in
weight from 406 grm. to 1598 grm. (d.c. increasing nearly fortyfold)k. The
average aortic constant (k) is 21-21 with an = (best =) of 072, and the
average aortic percentage is 1-14. The variations of the aortic constant are
quite small and show no periodicity, but the aortic percentage decreases very
greatly and almost regularly from 1-648 in the lightest animal to 0-614 in the
heaviest. When the aortic area (A) is calculated by our formula the average
deviation of the observed from the calculated figures is only 2:76 per cent.,
while it is 46-06 per cent. (nearly 17 times as great) if the area be calculated
in percentage of ‘body weight.

With » taken as 0-71, % becomes 20:08 and the average percentage deviation
between observed and calculated figures is 3-28.

Table IX contains the figures for 10 ptarmigan purchased from a game-
dealer. These were birds which had been shot, and they show the greatest
range of weight we were able to obtain, namely, from 470 grm. to 710 grm.
The average aortic constant (%) is 114 with an = (best »#) of 0-71, and the
average aortic percentage is 1'4. The variations of the aortic constant show
no periodicity, but the aortic percentage decreases from 1'66 in the lightest
to 123 in the heaviest animal. When the aortic area (A) is calculated by
our formula the average deviation of the observed from the calculated figures
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is 712 per cent., while if the area be calculated as a percentage of body

If the value 072 be taken for n, % becomes 12:2.

weight it is 7-22.

Table IX.—Ptarmigan (individuals).
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In Table X the ptarmigan are arranged in four groups according to weight,
and the aortic constant and aortic percentage are calculated from the average

In this case the best n is 0°72, giﬁng an average

The variations in the aortic constant are small and non-

figures of these groups.

value for % of 12-1.

E
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periodic, but the aortic percentage falls gradually though not quite regularly
from 1'49 to 1'35. Using the above values for # and %, the average deviation
of the observed figures from the calculated is 1:28 per cent., while it is 299
per cent. (more than twice as great) if the area be calculated as a percentage
of the body weight.

Table XI.—Sparrows (individuals).

EX B Py ) = i fan o
£ 2| E $Eg | £ $Eg
8 g = EEe | B¢ £'E 2
g s | 8°E sCs | 8° %
< .8 28 FEO | 22 | Fes | =2
. £ £ ; @ °S & g8 | SaX g2
+ 3 < o O g N 8 g8 9 g °
S 3 & = g 20 o= B | SR E £
TS & . = ss .| £ ¢85 | 58, | 288
3 S w g g 55 8le | 3%°% | 885 | 5% %
F g °g B | geg®| 2«4~ | 288 | 7828 | £8%
R ot ] =] n o
s| g g2 | EAE| 8 HES | 83% | HESE
5 M ] < = < o =] o =
- grm, mm, | $q. mm. per cent. per cent.
1 22°05 | 0°35 0 -385 23°1 1-743 0398 326 0391 153
2| 2255 | 0366 | 0°42 218 1782 0 °405 37 0399 526
3| 23°1 0398 | 0487 191 | 2°105 0°412 1577 0 409 1903
4] 24°6 0414 | 0537 18°1 2+098 0-429 25°18 0436 232
5| 26656 | 0°35 0385 266 | 1-46 0-4538 15-01 047 1809
6| 26°6 0-35 0385 26°7 | 1448 0 *454 152 0-471 183
Average ......... 226 | 1771 — 1802 — 1424

Table XTI gives the figures for the aortas of six sparrows ranging in weight
from 22:05 grm. to 266 grm., a very small range indeed, but the best which we
were able to obtain at the time. The average aortic constant (%) is 22'6 with
an 7 (best #) of 0°71, and the average aortic percentage is 1°771. The variations
of the aortic constant show no periodicity. When the aortic area (A) is
calculated by our formula the average percentage deviation between the
calculated and the observed figures is 1302, and it is 14'24 if the area be
calculated as a percentage of body weight.

If n be taken as 070 the value of % is 21'9, and with an n of 072 % iz 23+4.

C. Thoma’s Observations on Mon.—Table XII contains the figures for the
aortas of 33 human individuals calculated from the grouped observations
published by R. Thoma (7). The individuals in question ranged in age from
two months to 29 years and the range in weight of the groups is from
8941 grm. to 49,000 grm. The best » is 0°70, which gives an average value
for & of 5:03. The variations in the aortic constant are without periodicity,
but the aortic percentage falls gradually though not quite regularly from
1:309 in the lightest group to 0'804 in the hesviest. Using these values
for » and %, the average percentage deviation of the observed from the
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Table XII.—Man (grouped). Thoma’s Observations.*
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| eE| e B 3 g g 82 By ) | 385 85 888
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‘grms, | mm. |sq. mm, per cent. per cent.
A 7 8941 | 6°1 1170 499 | 1309 | 116°0 | 086 941 | 24:34
B 9 11950 | 67 1410 | 507 | 118 1421 | 077 | 12567 | 117 |
C 5 18630 | 7256|1650 | 475 1211 | 1656'8 | 591 14834 | 156°06
D 3 175610 | 765 | 1840 | 508 | 1051 | 1857 | 0'92 | 1842 0°11
E 4 438250 | 10°2 8260 | 54 0754 | 8496 | 675 | 455°0 | 2886
F 5 49000 | 112 | 8940 | 487 | 0804 | 381'5 | 328 | 5155 | 2857
Average ......... 508 | 1052 | — 808 | — 1727

* Thoma’s data are printed in light type. The figures galculated by us are printed in heavy
type.

calculated figures is 3:08, while it is 17'27 (more than five and a-half times as
great) if the area be calculated as a percentage of the body weight.

If the value 071 be taken for n the value of £ becomes 555, and with an
n of 072 k£ is 6:13. Taking n as 0'71 the average percentage deviation of the-
observed values from those calculated by our formula is 3°16 as compared
with the deviation of 3:08 per cent. with » equal to 0-70. Or if the appropriate
allowance be made for the number of individuals in each of the groups, the
figures for the average percentage deviation of the observed values from the
theoretical values given by our formula are 269 with an = of 0-70 and 273
with n of 071, indicating the fact that the value 0-71 for = is only very
slightly less good in these observations than the value 0-70.

Thoma himself, who, in his great monograph (7) on the size and weight of
the various parts of the human body under normal and diseased conditions,
endeavoured to establish a definite quantitative relation between the body
weight and the aortic radius, defined the correlation which he found to exist
in the statement that the body weight divided by the cube of the aortic
radius was approximately constant over a wide range of weight. '

This he expressed in the formula W /73 = K. The formula was purely
empirical, and possessed no special biological significance, though it repre-
sented the experimental data in an extremely satisfactory manner. It will
be seen, however, that it is readily transformable into the formula

W#/7r? =k, which is the formula deduced by us from our observations
E 2



52 Messrs. Dreyer, Ray, and Walker. [Sept. 30,

upon. animals (W»/A = k) if one gives » the value % or 067 instead of
070-072, as we have found it to be. This latter formula is a rational
formula, since it indicates, as has already been pointed out, that the aortic
area (like the blood volume) is'a function of the body surface.

Table XIII.—Man (grouped). Thoma’s Observations.*
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A 7 8,041 | 6°1 394 546 616 | 097 6:05 0-83

B 9 11,950 | 6°7 397 56:0 678 118 671 0°15

C 5 18,680 | 725 | 858 51-8 7-09 2:26 7°08 3138

D/ 38 17610 | 7-65 | 891, 564 . 770 0-65 7'68 0-39

'E 4 43,250 | 102 408 61-9 1041 202 10°58 3:59

F 5 49,000 | 11 -2 34°9 539 10'86 313 11-06 127

Average ......... 38+3 558 —_ 170 — 156

* Thoma's data are printed in light type. The figures calculated by us are printed in heavy
type.

In Table XIII we have calculated K for Thoma’s figures from the formula
W/rn =K, first giving » the value 3 as in Thoma’s, formula, and then
giving it the value 2:82, which corresponds to #» = 0-71 in our formula,
and is the best n for Thoma’s observations. It then appears that if the
aortic radius be calculated by means of these values of K the average
percentage deviation between r calculated and r observed is 170 when =
has the value 3, while it is only 1-56 when 7 has the value 2'82. - Moreover,
if the. appropriate allowance be made for the number of individuals in each
group the figures become 165 with n taken as 3, and 1'35 with n taken
as.2:82. It will, of course, readily be apprehended that. differences of this
aimount in the radius assume a considerable importance when calculations
are made by area (i.e. m2), as is necessary in referring the aortic area to the
body surface.

In Table XIV are tabulated our main results arranged in such a manner
as. to show at a glance the range of weight, the best n, the value of %, the
percentage deviation, and so forth for each species of animal. It will be
seen from the averages brought out at the foot of the table that taking all
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our animals together the average percentage deviation for the individual
animals between the calculated and the observed figures for the aortic area
is 997 when the calculation is made in terms of the body surface, while it
is 2455 (two and a-half times as great) when the area is expressed in
percentage of body weight. The corresponding figures for the grouped
animals are 3:15 and 15'35 per cent. respectively, a deviation nearly five
times as large.

Attention may further be drawn to the fact that although the technique
of these aortic measurements is in the nature of the case much less exact
than that employed by two of us in measuring the blood voluine, and there-
fore gives much larger figures for the percentage deviation, yet this deviation
is found to be reduced to precisely the same extent in both cases by grouping
the animals. Thus in the present instance the ratio between individual
and grouped percentage deviations (of course reckoning by the body surface)
is 9°97/3:15, 4.e. 32, while in the case of the blood volume experiments it
was 443/1-39, or 32 again. From the table it is also clearly seen that the
greater the range of weight of the animal observed the more misleading
and erroneous is the result obtained by calculating the aortic area in
percentage of the body weight. Thus, while in the case of the ptarmigan
and sparrow, where we have only a small range of weight, the difference is
comparatively small, in the case of ducks, fowls, and rats, which show the
widest range, the difference may properly be spoken of as enormous, being
from 135 to 167 times as large. This shows that if one were to attempt
to calculate the sectional area of the aorta of a small animal, for example,
"from the ascertained aortic area of a large one of the same species, expressed
as a percentage of body weight, the result would inevitably be grossly
misleading, while if it were calculated by our formula a true estimate would
be obtained, correct within the limits of the experimental errors.

In Table XV are given the mean deviations as calculated by the method
of least squares for the eight species concerned in these observations, both
- individually and grouped. From the averages of these it can be seen that
if one were to make only a single observation and this differed by 30 per
cent. from the theoretical value given by our formula it would be probable
that the aortic area in question was abnormal in size, while if it were
expressed as a percentage of body weight it would have to differ from the
theoretical area by at least 60 per cent. before one could say with the same
~ degree of certainty that it was abnormal. i

If, however, a series of observations were made and averaged, it follows
from our figures for the mean deviation for grouped animals that if the
difference between this average and the theoretical value given by our
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Table XV.—Mean Deviations.

Mean deviation using M;z;{dce;:(;ui);l c:ten
Species. Best #. best nAm_ tl‘lis”ﬁrmula, culated in percentage
- . of body weight.
Guinea-pig : individual ............ 071 2151 2576
grouped ........c.oveen 0-72 391 17 -81
Rat : individual ......ococovoernins 0-71 15°75 23 ‘54
5 grouped ......eee.eeeeiiinienens 072 18 20 ‘45
Rabbit (tame) : individual ......... 0-71 1947 3208
grouped ............ 0-71 11-92 29 96
Duck : individual ..... 070 367 4593
Fowl: individual . 0-72 325 50 -7
Ptarmigan : individu 071 841 9-1
. grouped ........ 072 178 4-11
Sparrow : individual..............c.us 071 16 °51 17 -84
Man: grouped ........oeeveeevennenns 070 432 21 -57
Average mean deviation taking [ individuals ... 14-21 29 -27
best 7. grouped ...... 475 1878

formula was as much as 10 per cent., the aortic area would probably be
abnormal, and if it amounted to 15 per cent. it would be almost certain
that the aortic area was abnormally large or small. But if the measure-
ments were expressed in percentage of body weight it would only be
possible to say with the same degree of certainty that the aortic area of
an animal was abnormal when it differed from the calculated value by
60 per cent.

Conclusion.

Within a wide range of weight in any given species of warm-blooded
animal the sectional area of the lumen of the aorta is proportional to the
body surface, and can be calculated from the body weight by means of the
formula A = W[k, where n has the value 0-70-0-72 and % is a constant to
be ascertained for each particular species.
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The Size of the Trachea in Warm-Blooded Animals, and s
Relationship to the Weight, the Surface Area, the Blood
Volume, and the Size of the Aorta.

By GEeorgEs DRrEYER, WILLIAM Ray, and E. W, AINLEY WALKER.

(Communicated by Francis Gotch, F.R.S. Received September 30,—
Read December 5, 1912.)

(From the Department of Pathology, University of Oxford.)

_ The analysis of data collected in connection ‘with the investigation of a
number of problems in immunity has led to a series of results, in part
already published, bearing upon the blood and circulation. The conclusion
was reached that in certain cases a precise and definite relationship to the
body surface exists in warm-blooded animals in accordance with the formula
W /a = k, where W is the body weight of the animal, @ represents the mass of
the body fluid, tissue, or organ under. investigation, % is a constant, and the
value of n is approximately 0-70-0-72.

In view of the fact that the carriage of oxygen is one of the chief
functions of the circulation, and that the volume of the blood (1), (2), and
the aortic area (3), (4), (area of cross-section of aorta), have been shown by
us to.be proportional to the body surface in warm-blooded animals, while, as
we have also found, the total oxygen capacity is the main factor in deter-
mining the size of the heart (5), it appeared to be of interest to examine the
size of the channel by which the oxygen gains access to the lungs.

Accordingly, the trachea was measured in two species of mammal and one
bird, namely, guinea-pig, rabbit, and ptarmigan. The animals used were
healthy individuals in good condition, not previously experimented upon,



