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In a paper published nine years ago on the causes underlying
the origin of human monsters, I made the assertion that Jocal-
ized anomalies were more common in embryos obtained from
abortions than in the full term fetus, without, however, adduc-
ing conclusive evidenee in support of this theory.!

In a footnote on page 27 of that publication I gave a list of
embryos with their chief defects, comparing them with the
percentage of frequeney of monsters born at full term. An
objection to be raised to such a statement is the fact that there
is not a complete correspondence between anomalies in the
embryo and those found in the fetus at the end of pregnancy.
For instance, spina bifida in young embryos is always complete
while at full term the open canal is covered over with skin.
Cyclopia and exomphaly are the same in the embryo as at
birth, but the deformities of the head and neck of the embryo
are of such a nature that it cannot live long enough to admit
of comparison with like malformations found at term. With
these difficulties clearly before me, I have made an effort to
define sharply the anomalies in embryos, so that a satisfactory
comparison might be made with those found in monsters at the
end of pregnancy, as described in the literature.

I shall mention first cyclopia, for it seems to me that it is
the type of monster which is now best understood. This clearer
conception is due largely to the excellent experimental work of
Stockard, and partly to the fact that the cyclopean state can
exist quite independently of other marked deformities of the

t Mall, F. P. A study of the causes underlying the origin of human monsters.
Jour. Morph., vol. 19, 1908.
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embryos. I have previously discussed the question of cyclopia
in a separate publication, and it is not therefore necessary for
me to dilate further upon it at present.2 Hare lip is also sharply
defined in the embryo and is as readily recognized as exomphaly.
Other anomalies, however, are more difficult to recognize as
sharply defined malformations in the embryo.

We have in our collection about 2000 embryos. The patho-
logical specimens of the first 400 were reported in my paper on
the origin of human monsters mentioned above. Since the
collection was taken over by the Carnegie Institution of Wash-
ington, it has grown at a very rapid rate, about 400 specimens
being added to it each year. I have in preparation a more ex-
tensive study of pathological embryos, and during the past year
have practically completed a careful study of the first thousand.
While this was in progress, another thousand specimens were
added to the collection. At present, however, only the first
thousand will be considered, the remainder not having been
sufficiently tabulated to be of statistical value.

We have introduced and are gradually perfecting a system
of classification of the embryos which will enable us to locate
any specimen in our collection and the record thereof by means
of a card catalogue. Reasons for adopting this system were
given in a circular recently published.* The specimens can
clearly be divided into two groups according to their origin,
i.e., uterine and ectopic. In both of these, the embryos which
are normal in form are catalogued according to their sitting
height, which we call ecrown-rump (CR). All embryos there-
fore which are apparently normal, say 10 mm. long, are entered
upon one card. What happens to these specimens subsequently,
whether they are dissected, sectioned or preserved permanently
as whole specimens, may also be entered upon this card without
interference with the system of classification. The chief dif-
ficulty is to determine what constitutes a normal embryo, and

2 Mall, F. P. Cyclopia in the human embryo. Contributions to Embry-
ology, vol. 6, Publication No. 226, Carnegie Institution of Washington, 1917.

3 Mall, F. P. Embryological collection of the Carnegie Institution, Circular
No. 18, 1916.



LOCALIZED ANOMALIES IN HUMAN EMBRYOS 51

here we must rely largely upon our experience in human and in
comparative embryology. A sharply defined, well formed white
embryo, with blood vessels shining through its transparent
tissues, is considered normal. If it is partly stunted and opaque
or disintegrating, it is considered pathological. A further study
of the normal embryo, however, shows that in many of these
specimens the membranes are decidedly pathological. For
instance, the villi may be deformed, diseased, atrophic or hyper-
trophic, or the contents of the amnion and the exocoelom may
be unusual. Nevertheless, in all of these cases we still classify
the embryos as normal, although fully cognizant of the fact
that the surrounding m  ranes are pathological; otherwise it
would be difficult to acveuunt for the great number of spon-
taneous abortions. The theory is that the embryo was devel-
oped under pathological conditions, but that the chorion was
not sufficiently affected to cause any apparent change in the
embryo. If an embryo included in this group is apparently
normal in all respects save one, we still consider it normal with
a localized anomaly. In fact we are gradually forced into this
position, as an embryo, considered at first to be normal, may
later on prove to have a localized anomaly, such as spina bifida
or cyclopia. As far as we can determine, such an embryo would
have been able to survive longer had not something happened
to its membranes, thus causing its expulsion. I am inclined to
believe that pregnancies of this sort, if carried to term, would
produce the ordinary monsters described by teratologists. As
the study of our collection of specimens is continued by different
members of the staff, localized anomalies, when found, are
recorded in our card catalogue, without, as stated above, neces-
sitating any rearrangement. When these anomalies are present
in normal embryos, the embryos are classed as normal, with
localized anomalies.

The second group of specimens, which are termed patho-
logical, are in a way more interesting, and their study justifies
our method of classifying localized anomalies with normal
embryos. We have in this group a variety of changes ranging
from those found in fetus compressus down to complete disin-
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tegration of the ovum, leaving only a few villi. Having made
numerous efforts to classify these specimens, I have finally
resolved them into seven groups which 1 shall consider in their
reverse numerical order.

The seventh group, shown in figure 7, is composed mostly of
larger specimens which are either dried up and deformed, or
macerated and soft. These, of course, apparently merge into
each other, and for this reason we have had to consider them as
a single group. We hope, however, in the course of time to be
able to subdivide them, for it is well known that fetus compres-
sus is extremely rare in pigs and other lower animals, while
edematous and macerated embryos are quite common. It
appears that the type of fetus in this group develops as a normal
embryo during the first portion of pregnancy, and then dies
slowly, either undergoing maceration, or being transformed into
a fetus compressus. In the latter the cord is long, thin and
greatly twisted The structures of the embryo show that there
has been a slow tissue growth which has not been sufficiently
rapid to allow the normal development of the extremities. In-
stead the hands and feet are club-shaped, and in several in-
stances there are adhesions beween the extremities and the
body We also find very pronounced and quite characteristic
changes in the placenta of the fetus compressus, there being
beween the villi lage masses of chromatin substance presenting
much the same picture as the photograph of a comet, a central
nucleus with scattered granules extending from it. Generally
in our notes we speak of this substance as nuclear dust.

The sixth group of specimens we term stunted (fig. 6). The
form of the embryo is easily recognized, but the head is atrophic
as are also usually the extremities. At the time of the abortion
the tissues are quite transparent, giving every appearance of
a living embryo, but with increasing knowledge concerning
tissue cultures and growing isolated cells, we can see in speci-
mens of this sort an active but circumseribed tissue culture of
a clump of differentiated tissues. In other words we have a
tissue culture of the entire embryo, which on account of faulty
or arrested circulation, grows in an irregular manner. Changes
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of this sort in an embryo I have designated in my paper on
monsters as a dissociation of the tissues. I picture to myself
something like the following sequence: when the ovum comes
into the uterus which is more or less diseased, it becomes some-
what poisoned and consequently does not implant itself well.
This naturally results in an irregular growth of the chorionic
villi; in turn the embryo is affected and it is only natural to
infer that the most direct influence would be through the vascu-
lar system, soon ending in poisoning of the heart and frequently
in the interruption of the circulation. In such specimens the
nutrition would reach the embryo through the exocoelom. In
fact one of the earliest indications of a pathological specimen is
an increased amount of magma in the exocoelom. Embryos,
which are thus cut off from the chorion, continue to grow in an
irregular manner; the tissues are more or less dissociated, and
the specimen as a whole is stunted. Hence the designation.

In the fifth group (fig. 5), the process of stunting has pro-
gressed to such an extent that the extremities are almost
entirely lacking and only the head end can be recognized with cer-
tainty. On account of their shape, due to this extreme stunting,
we speak of these specimens as cylindrical embryos. Falling
frequently into this group are embryonic remnants which,
however, really do not belong there, since a primary examina-
tion with a binocular microscope does not permit of a sharp
differentiation between this and other ecylindrical forms of
stunted embryos. Close examination with a microscope reveals
specimens of this sub-group to be composed of a naked um-
bilical cord belonging to an older embryo which had disinte-
grated, or as seen in a few instances the embryo has been torn
off by mechanical means during abortion. As rapidly as the
sub-type is recognized, it is labeled in the card catalogue in
parenthesis (cord) so that in studying these specimens we may
distinguish between the naked cords and the frue cylindrical
forms of pathological embryos.

When the process of dissociation of the embryo begins in
still earlier stages than those belonging to the older groups (Nos.
5, 6, and 7), the result is a nodular body representing the embryo,
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but the change in it is so complete that it is difficult to recognize
the different parts of the embryo except in a general way (fig. 4).
The coelom, heart and central nervous system can readily be
made out. Sometimes there are pigmented spots in one or two
of the sections, marking the position of the eyes. This group
again divides into two quite sharply circumseribed sub-groups:
first, those with an umbilical cord to which the dissociated
embryo is attached together with the umbilical vesicle; and
second, a vesicular group composed of specimens in which there
is only the remnant of the umbilical vesicle, the embryo being
nearly or entirely destroyed. Had it been possible in every
instance to differentiate between these two types of specimens
in the primary examination, they would, of course, have been
recorded as separate groups; but this could not be done without
sections and a microscopic examination. Therefore, for the
present we must consider them together. In our ordinary
laboratory parlance we speak of them as the nodular group.

In the third group, both embryo and umbilical vesicle are
completely destroyed, but we can see within the degenerated
chorionie sac a more or less complete amnion. This group is
designated as the one in which the specimens are composed only
of the chorion and the amnion (fig. 3).

In the second group the amnion is destroyed and there re-
mains only the chorionic vesicle containing the coelom. This
is usually filled with reticular magma and scattered cells, which
may represent all that is left of the embryo (fig. 2).

Finally in the first group the form of the ovum is destroyed
and the specimen consists only of the villi which have under-
gone fibrous or mucoid degeneration. Sometimes only a few
of the villi are found, at other times there is a large cluster cling-
ing to a single stem, and some specimens are composed of large
masses of villi which form malignant hydatidiform moles. Such
a mass may weigh a kilogram (fig. 1).

It can be readily seen that the above classification into sub-
groups is arranged somewhat in the order of the age of the ovum
when it began to degenerate. Generally these changes are so
pronounced that the embryo cannot live through the duration
of pregnancy and this accounts for the abortion.
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As far as localized anomalies are concerned, we naturall do
not find them in the first four groups, while in the remaining
three groups we encounter only such as are very pronounced
and stand out clearly in spite of other changes in the embryo.

Fig. 1 Illustrating Group 1, composed exclusively of villi. Specimen No.
749 received from Dr. G. C. McCormick, Sparrows Point, Md. X 2. Tktese
hypertrophic villi came from a hydatiditorm mole weighing over a kilogram.

Fig. 2 TIllustrating Group 2, chorion with coelom. No. 1289 from Dr. J. R.
Cottell, Louisville, Ky. X 2. The picture shows the coelom filled mostly with
granular magma.

Fig. 3 Tllustrating Group 3, chorion with amnion. No. 813 from Dr. H. D.
Taylor, Baltimore. X §. The cavity of the ovum is filled with a dense mass
of granular magma.
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Thus, for instance, with fetus compressus we frequently recog-
nize club-foot; in stunted forms, hare lip and spina bifida, and
in cylindrical forms, spina bifida. Of course, if cyclopia is
encountered in any of these forms, it is looked upon as a local-
ized anomaly in a pathological embryo. On the other hand, a
single anomaly in an embryo called normal can easily be recog-

4

lig.4 Specimen illustrating Group 4. The ovum contains a nodular embryo;
No. 1140b from Dr. George T. Tayler, Greenville, S. C. X 1i.

Tig. 5 TIllustrating Group 5. Ovum containing a cylindrical embryo; No.
839 from Dr. W. 8. Miller, Madison, Wis. X 131.

nized, and it is from this group that we should expect
the development of monsters had the pregnancy progressed to
term.

A few illustrations of localized anomalies are given in the
figures in order to show that they are identical with those found
in infants at birth. Figures 8 and 9 are specimens of cyclopia
and double monsters in normal embryos. Figure 10 a and
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10 b show an embryo and a fetus with hare lip. Figure 11, 12
and 13 have pronounced localized anomalies and need no further
explanation. Finally figures 14 to 18 show anomalies of the
hand the first and last are of the hereditary variety, and figures
15 and 16 show acquired anomalies, -that is, they were subse-
quently formed in an embryo which started its development
normally. It is proper to remark here that these illustrations
are mostly from specimens from the second thousand of our

6c

Tig. 6 Group 6. Three stunted embryos to illustrate this group. 6a, No.
1295d from Dr. B. T. Terry, Brooklyn, N. Y. X 4. 6b, No. 1523 from Dr. G. B.
Ward, Gilman, Towa. X 2. 6¢, No. 1477 from Dr. H. B. Titlow, Baltimore.
X 3.

collection but this is for the reason that recently we have made
many more photographs and secondly, many of the specimens
in the first thousand have already been figured in my paper on
monsters.

In order to render possible a comparison between localized
anomalies found in pathological and those found in normal em-
bryos, the following six tables have been constructed. Table
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1 gives the classified distribution of the first 1000 embryos in
the Carnegie Collection. The primary division comprises two
classes—pathological and normal. The pathological in turn is
arranged in the seven groups just described. The normal are
arranged in groups to correspond as nearly as possible with the

Fig. 7 Group 7, giving two specimens of fetus compressus. 7a, No. 996
from Dr. H. B. Titlow, Baltimore, X § 7b, No. 868 from Dr. E. H. Egbert, Wash-
ington. X 2.

ages of the embryos in lunar months. In order to define clearly
which embryos belong to a given month, 1 have inserted their
probable lengths for each month in table 6. Thus, for instance,
the second month includes all specimens from 2.6 mm. to 25
mm. in length, ete. (Data upon the estimated age of embryos
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may be found in my chapter on the age of embryos, contained
in the Manual of Human Embryology.)*

It will be noted in these tables that the specimens are
arranged in centuries; that is, each line in the table includes
exactly 100 specimens. The first century includes specimens
Nos. 1 to 98, the second, Nos. 99 to 205, and so on. This ad-
justment was necessary for the reason that frequently a single
number is given to two or more specimens. Sometimes the

Fig. 8 Normal embryo with cyclopia; in front of the eye is seen the cyclo-
pean snout. No. 559 from Dr. B. J. Merrill, Stillwater, Minn. X 5.

Fig. 9 Normal double monster. No. 249 from Prof. L. Hektoen, Chicago.
Natural size.

first is called @ and the second, b; or the first may be given the
number, and the second the letter a, ete. The second century
passing from Nos. 99 to 205 includes more than 100 numbers,
because specimens which are given a number are frequently
found upon further examination not to contain any remnants
of the ovum, and for this reason they are to be discarded. In
our catalogue they are later marked as ‘no pregnancy.” Finally
the full 1000 ends with embryo No. 900g. The individual
entries are percentage records. Thus in the fifth century, there

4 Determination of the age of human embryos and fetuses, Human Em-
bryology, Keibel and Mall, vol. 1, Chap. 8. 1910.
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10a 10b ’

Fig. 10 Two specimens of hare lip. 10a, No. 364 from Dr. B. J. Merrill,
Stillwater, Minn. X 3. There is also exencephaly in this specimen. 10b,
No. 982 from Dr. G. C. McCormick, Sparrows Point, Md. X 2.

ol 12 13

Fig. 11 Stunted fetus with a large hernia in umbilical cord, also spina bifida.
No. 1330 from Dr. A. R. Mackenzie, Capitol Heights, Md. X 1i.

Fig. 12 Normal embryo with exencephaly and spina bifida (the latter op-
posite the arrow). No. 1315 from Dr. J. C. Bloodgood, Baltimore, X 2.

Fig. 13 Normal fetus with hernia of midbrain. No. 1690 from Dr. P. F.
Williams, Philadelphia. X 9.10.
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are 41 normal specimens of the second month; that is, of this
hundred, 41 per cent of the specimens are normal embryos of
the second month, whereas the total for the full 1000 has been
brought down this percentage to 24.5.

15

Fig. 14 Anomaly of the left hand in which only the thumb and little finger
are normal. No. 306a from Dr. F. A. Conradi, Baltimore. X %.

Fig. 15 Left hand which is club-shaped from a fetus compressus. No. 230,
CR 57 mm., from the late Dr. J. P. West, Bellaire, Ohio. Natural size.

Fig. 16 Deformed wrist with atrophic radius in a normal embryo. No.
789, CR 50 mm., from Dr. H. F. Cassidy, Roland Park, Md. X 2. The same
kind of wrist is seen in the specimen illustrated as figure 11.

Fig. 17 Right hand with six fingers from macerated specimen. No. 1749
from Dr. S. M. Wagaman, Hagerstown, Md. X 2. "This specimen had six digits
on all four extremities.

Fig. 18 Double little finger of the left hand of the same specimen. X 2.
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TABLE 1

Giving the distribution of 1000 specimens

@ PATHOLOGICAL, IN GROUPS NORMAL, IN MONTHS
E CATALOGUE
B NUMBER b=} . =
z W23 1415167 1g)1 203|475 1617 1819)10]%2
g & &
1 1- 98 115116 |43 (4243|4178 7|0|0]0|0{0]|76
2] 99-205 (0|9 1|8 6136|430 252117 |2|2[0/0{0]0]57
3] 206-295 [ 2503|911 |7 |87 124287 |1(1]0/0[|0]1]863
4 296-380 11701419716 |7 (451 2111214 |2 (2]2|0]|0]|1]55
5 381-476 |4/ 23|47 |9|3132(3 (411111 (2{0/[0[0|0]0]868
6 477571 | 410|717 |19 |86 510 (2116/4|5]|1,0|2|0/|049
7| 572-652¢ 315/ 4|35 51833028 21]10(3(2[3[0]0]|0]67
8 652d-729 | 4|7 3 |72 |7 |4 14411 |18 1810 |4 |3 |1|0 |0 1|56
9] 730-816b | 813| 1 | 5| 7 (411 [49) 1 (12} 15115 |7 |1{0|0]0|0]51
10 817-900g | 9/ 8 0| 4|7 |46 |38/ 1|14/ 2117 8620|0362
3671|121 |51 |75 {80 {62 39611 [245180(93 {41 |18 | 8 | 2 | 0 | 6 (604

In determining the normality of specimers, the criterion used
was the shape of the embryo, judging this as best we could by
our own knowledge of human and comparative embryology, as
well ag by the experience of other students of human embryology,
and we have used freely the atlases of His, Hichstetter and
Keibel and Else in making our decisions on this point. How-

TABLE 2

Specimens obtained from the uterus

15}
é Cﬁ{;\ﬁgigk 1203|4567 E tl2(si4ls5 678|910 E
8 g d
1 1-68 |15/ 1614|3424 341117/8,7,0(0]0]0]0]|76
20 99-205 |0/ 8 1|8 |61(121641/0(22/2006(2,210]0|0/|0|52
30 206-295 | 2|5 03|91 |7 37123277 (1,1{0]0|0]|1]61
4! 296-380 113/0 (3 |8165 61361 |19 12(14(2[2]2]0]|0|1] 53
50 381-476 |1/ 13|37 19327334 811 |2(0|0[0|0]|0|58
6| 477-571 1105717163200 1814/315|1,0]|2|0]|0]43
7| 572-652¢ | 1|4/ 43155830024 211103]2{3;0|0{0/|863
8| 652d-729 143171017335/ 111318104 311|000 1|51
gl 730-816b | 2|5/ 1[5 |6 410|331 8 15(15 (7| 1/0|0|0]| 0|47
10| 817-900g {2/ 4/ 0|3 |52 |5 |21|1 11187 |8|6{2,0/|0|3]56
1239|118 48 |67 |74 |55 |313|11 [213|17091 |41 (18 { 8 | 2 | O | 6 |560
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ever, many of these specimens are enclosed in membranes which
have undergone very marked changes. Thus, an embryo,
normal in form, may be found surrounded by an excessive
amount of magma, and the chorion may have undergone very
pronounced changes; but for purposes of classification we have
found it necessary to arrange them all according to the shape
of the embryo. A fairly large number of our specimens were

TABLE 3

Ecotopic specimens

o
Bl cararou |y g3 a5 6|7 2|tz 34|56 |7][s]9]0 3
& 8 B
°© RN [ S S S N U ) A SO I SO VO N M
1 1-98 [0joo0o(0ol0oj0Ot0|0j0|0[{0{0j0j0j0|0l0{0]|0
2] 99-205 (0140|001 {0|2|0|3]1{1|0]0[0|0]0]|0|5
3 206-295 |0j¢/0OJO0 O0O|C0]O|0O|1}1|0OI0|0|0O|O0|0]|0 2
4 296-380 |0/ 4/1 {1 (1]|1]1]|9]0{2]0|0|0{0|0]|0O|0]02
5 381476 13 10|1(0|0|0|5/0}7|3]0/0/0!070/|0]|0]10
6] 477-571 | 3102102123220 (3}]2]1)10]|0[0|0|0]0]6
7] 572-652¢ |2/ 1|00 |0 |0|0|3|0[|4]0[0|0]|0[O0O|0|0]O0]4
8] 652d-720 13/3|0(012]011{9370]510,0]0]0{0,0}01]015
9 730-816b |6/ 8 0|0 1|0, 116|0|4;0[0|0]|0]|0|0|0]|0]4
10/ 817-900g (740|122 |1({17[0(3|3{0(0[0l0,0[0|06
24321 3 13|86 (|78 |0132(10|2{0,0(0(0[0]|0 |44
TABLE 4
Specimens showing localized anomalies to be compared with lable I
@ PATHOLOGICAL NORMAL
E CATALOGUR
I NUMBER - —
7 tlalsjals etz gjrj2|38|4|5{6|7 818 10|
B3] X =
1 1-908 |0/0/0l0 011 [112]1{4;01010;0(01010,015
2l 99-205 |06/0j0O|0O|12;1|4{0;3[0/0{0[0/0/0]|0]0}3
3 206-295 (00 O[O0 |1(1(3|5(1|3]2{1|0{0l0(0]|0]0!7
4 296-380 |0/ 000|331 (7|0/3/0|1|0|1|0|0]0]|1]|6®6
5| 381476 |0/Oj0jO}1 ;20|30 ,0[{0l0[0{0]0O[0O|0]|O]O
6| 477-571 ojojojoj0}|2|0(2(0|3;]0,0]0|0|0]1]0]0]4
7] 572-652¢ |0/ 0[O0 |0/1/4|5]|0[2{0|0|0]|0|0]O|O|O0]|2
8 652d-729 1000107210012 0|1)0]0]0|0]|0]O]|0F0]|1
9 730-816b 000 |01 1[{3|5[|0]|3/1,2|0/0]0 0/0]0]6
10} 817-900g (0j 00 (0|2({0|1]|3{0{0;0|0|0{0{0(0[0}3]}3
000/0|0 11|13 143821223 4|0 110|1|0]4]|37
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obtained from hysterectomies, and we believe with Hochstetter
that we shall ultimately have to determine what constitutes a
normally formed human embryo from specimens obtained in
this way. However, even by this method we have found among
about 25 specimens 3 markedly pathological ones undergoing
abortion.

The second table includes all specimens that were obtained
from the uterus, and the third, all ectopic specimens. Thus,
in making a comparison of these three tables it will at once be
noted that among the entire 1000 nearly 40 per cent are patho-
logical embryos and ova. Of this number, 31 per cent were
obtained from the uterus alone while slightly more than 8 per
cent were ectopic. The comparative frequency of pathological
and normal embryos can be ascertained, however, by comparing
them within a given ceuntury, or for the whole thousand to-
gether. In the uterine specimens about one-third of the ova
and embryos are pathological, as compared to two-thirds in
the actopic. In other words, pathological specimens are twice
as frequent in ectopic as in uterine pregnancy.

The fourth table includes all the specimens in which there
are pronounced localized anomalies. The character of the
anomaly is given with the individual specimens which are re-
corded in tables 5 and 6. It is interesting to note that these
tables show that there are about as many anomalies among the
normal as among the pathological specimens, but when these
figures are compared with the total of specimens both normal
and pathological, it becomes evident that localized anomalies
occur about twice as frequently in the pathological as in the
normal embryo. Thus, there are 38 localized anomalies among
396 pathological specimens or about 10 per cent, while the oc-
currence of localized anomalies in 604 normal specimens is about
6 per cent. The table shows further that the 38 pathological
specimens with localized anomalies abort in the early part of
pregnancy and only one of them (No. 649) grew to a sitting
height of 90 mm., that is, about the middle of the fourth month.

Among the normal embryos, those with localized anomalies
usually disappear before the fifth month, there being but one
in the sixth, one in the eighth, and four in the tenth month or



TABLE 5

Localized anomalies in pathological embryos

GROUP

CATALOGUE
NUMBER

LENGTH OF
EMBRYO

DIMENBIONS
OF CHORIN

MENSTRUAL

LOCALIZED ANOMALY

mm. mm. days
785 2 15x12x10 64 | Spina bifida
874b | 3 35x30x20 80 | Hydrocephalus
189 4 28x25x15 Spina bifida
228 4 60x25x25 99 | Hydrocephalus
Group 5 302 4 25x20x15 Hydrocephalus
(Cylindrical 466 4 29x23x16 Spina hifida
Embryos) 328 4.5 Hydrocephalus
842 5 Eye detached from brain
653 | 11 80x50x35 Amyelia-Ectopia of heart
710 13 95x55x55 | 228 | Amyelia
365 | 14 Anencephaly—Spina bifida
4332 | 3 27x25x15 | 49 Hydrocephalus
413 5 35x35 Spina bifida
510 | 10 60x45 Spina bifida
338¢c | 11 35 Spina bifida
276 | 13.5 | 70x35x35 | 80 Anencephaly
81 |15 65x55x35 Anencephaly
344 | 16 45x45x45 Rounded head—Club leg
Group 6 364 | 16 90x50x40 | 89 Exencepahaly—Hare lip—
(Stunted Exomphaly—Spina bifida
Embryos) 499 | 17 45x45x40 Hare lip—Spina bifida
201 | 20 80x60x50 Cyclopia
124 | 35 90x75x50 Club foot and hand
797 | 35 65x35x35 Club foot and hand
649 | 90 Spina bifida—Exomphaly—
Without radii and without
thumbs
182 |. 5.5 Head defective—Spina
bifida
802 6 19x26x16 Anencephaly
212 | 15 Head atrophic
732 | 19 88 Exomphaly
94 | 20 Spina bifida
226 | 24 60x60x30 | 87 Anencephaly—Spina bifida
Group 7 651a | 27 70x45x45 Spina bifida
(Macerated 868 | 39 193 | Club foot
and fetus 316 | 44 Club hand and foot. Hand
compressus) adherent to head.
Skin nodulas
627 | 45 80x50x35 Club hand and Club foot
740 | 56 Club foot
230 | 57 75x60x50 Club hands and feet
622 | 70 Club foot,
646 | 85 90x60x50 Exencephaly
65
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TABLE 86

Localized anomalies in normal embryos

z
=}
s (%2 | B2 |2
MONTHS S g E g % E g a LOCALIZED ANOMALY
i | 23 55 S
3 3 A =
mm. mm, days
1 250 2 10x9 x8 Cytolysis
(0-25mm.) 12 2.1 18x18x18 |41 Anencephaly—Spina bifida
779 [2.75 | 16x14x12 |44 Spina bifida
164 (3.5 17x17x10 Spina bifida
186 |3.5 25x20x15 Anomalous tracheal diver-
ticulum
112 4 Hydrocephalus
808 4 47 Spina bifida
80 5 24x18x8 Deformed tail
552 6 40x28x28 Spina bifida
676 6 35x20x17 | 52 Spina bifida
796 6 30x20x15 | 48 Leg hypertrophic—Head
atropic
2 371 6.6 Hydrocephalus
(2.6-25mm.) 651f | 7 25x20x15 Spina bifida
559 8 20x15x12 | 54 Cyclopia
511 |14 38x32x32 Spina bifida
338a | 18 45x45 Constricted cord
203 | 19 Spina bifida
242a | 23 50x50x70 Double monster
242b | 23 50x50x70 Double monster
6 |24 40x40x40 Cyst of spinal cord
10 |24 Hernia of liver
31 |24 50x30x20 62 | Hernia of liver
314 | 24 Atrophic head
584a | 25 50x42x40 Hernia of liver
3 249a | 37 Double monster
(26-68 mm.) J 249b | 37 Double Monster
[|789 |50 117 | Extremities deformed—Left
radius probably absent.
Head acbophie
[|768c | 80 Stub coccyx
768b | 85 Left forearm and hand
4 wanting
(69-12 mm.) 306a | 100 Only 2 fingers on right
hand
295 | 110 Pounded head—Thickened

scalp
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TABLE 6—Concluded.

67

MONTHS

CATALOGUE
NUMBER

LENGTH OF
EMBRYO

OF CHORION|

DIMINSIONS

MENSTRUAL

LOCALIZED ANOMALY

5
(122-167 mm.)

6
(168-210 mm.)

7
(211-245 mm.)

8
(246-284 mm.)

9
(285-316 mm.)

10
(317-336 mm.)

3
3

No specimen

335 | 190

No specimen

558 | 250

No specimen

370 After birth

862 At birth
862a At birth

g
F

&

Q
w2

%

Anencephaly

Spinia bifida

Enormous tail
Ectopia of bladder
Spina bifida

862b At birth

Stunted eyes

at the end of pregnancy. In other words, all pathological speci-
mens, either with or without localized anomalies, abort in the
first half of pregnancy; while nearly all so-called normal embryos
with slight malformations are also aborted before the middle of
pregnancy, very few of them reaching full term.

We have made an especial effort to collect specimens of full
term monsters as well as abortion material from all months of
pregnancy. Only the first 100 specimens of the collection show
an unusually large percentage of normal embryos. Although
at first an effort was made to collect only good normal specimens
the last 900 specimens, including all sorts of material, of the
collection carry about the same percentage of normal speci-
mens throughout. The first 1000 specimens of our collection
is short of fetuses from the second half of pregnancy, but we
are now endeavoring to collect material covering all months of
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pregnancy. One monster at term, a sympus belonging in
about the third hundred, was not recorded in our catalogue,
and should be added to the four full term specimens given in
table 4. This means that among 1001 specimens there were
five monsters at term, while among 1000 specimens there were
71 with localized anomalies, most of which were aborted early
in pregnancy.

According to the table on the frequency of abortions given in
my monograph on monsters,® there are 80 full term births for
each 20 abortions; therefore, the 1000 abortions under considera-
tion were probably derived from 5000 pregnancies.

As we have calculated that there should be approximately 30
full term monsters in 5000 pregnancies, and as 5 of these were
observed in our 1000 specimens, it is apparent that the remain-
ing 25 should be encountered in 4000 additional full term births.
When these figures are compared with the fact that 75 localized
anomalies occurred in 1000 abortions—7.5 per cent, it becomes
apparent that in any similar numbers of abortions, localized
anomalies should be noted twelve times as frequently as mon-
sters at term. A similar result is obtained if the number of
localized anomalies of the tenth month, as given in table 4, is
compared with all of the localized anomalies of previous months,
as given in the same table.®

Our studies seem to justify the conclusion that pathological
embryos, as well as those which are normal in form, are very
frequently associated with localized anomalies and that abortion
usually follows as a result of serious lesions in the chorion, as
well as in its environment. Should the alterations in the em-
bryo and in the chorion be very slight, and the condition of the
uterine mucous membrane, which may be expressed by the
term inflammation, be overcome, the pregnancy in all proba-
bility would go to term and end in the birth of a monster or
an infant presenting a well recognized malformation.

5 Also in a résumé of the paper on monsters in the article entitled: Mall, F.
P. Pathology of the human ovum. Chapter 9, Human Embryology, Keibel and
Mall, vol. 1, 1910.

8 Records are now being made of about 50,000 births in Baltimore, including

the frequency of abortions for each mother. When these are completed, the
above mentioned ratio of 1 to 4 will probably be changed.
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I have already pointed out the difference in frequency of
malformations and destructive changes as observed in the ovum
in tubal and in uterine pregnancies. Since the publication of
my monograph on monsters, I have reconsidered the question
of tubal pregnancy, and the specimens mentioned in the present
paper are recorded in detail in a book on tubal pregnancy re-
eently published.”

It seems to me that the studies based upon our collection of
embryos as well as recent investigations in experimental embry-
ology, set at rest for all time the question of the causation of
monsters. 1t has been my aim to demonstrate that the em-
bryos found in pathological human ova and those obtained
experimentally in animals are not analogous or similar, but
identical. A double monster or a cyclopean fish is identical
with the same condition in human beings. In all cases, mon-
sters are produced by external influences acting upon the ovum;
as, for instance, varnishing the shell of a hen’s egg or changing
its temperature; traumatic and mechanical agencies magnetic
and electrical influences, as well as by alteration of the character
of the surrounding gases, or by the injection of poisons into
the white of an egg. In aquatic animals, monsters may be
produced by similar methods. Whether in the end all malfor-
mations are brought about by some simple mechanism, such,
for instance, as alteration in the amount of oxygen or some other
gas, remains to be demonstrated. The specimens under con-
sideration show such marked primary changes in the villi of the
chorion and in the surrounding decidua that the conditions in
the human may be considered equivalent or practically identical
with those created artificially in the production of abnormal
development in animals.

It would have been quite simple to conclude that the poisons
produced by an inflamed uterus should be viewed as the sole
cause, but when it is recalled that pathological ova occur far
more commonly in tubal than in uterine pregnancy, such a
theory becomes untenable. Moreover, monsters are frequently

7 Mall, Franklin P. On the fate of the human embryo in tubal pregnancy.
Publication No. 221, Carnegie Institution of Washington, 1915.
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observed in swine and other animals without any indication of
an inflammatory environment. For this reason I have sought
the primary factor in a condition buried in the non-committal
term faulty implantation. It would seem to be apparent that
lesions oceurring in the chorion as the result of faulty implanta-
tion, can and must be reflected in the embryo. For example,
before circulation has developed, in a human embryo, pabulum
passes from the chorion to the embryo directly through the
exocoelom, and probably on this account we always encounter,
as a first indication of pathological development, a change in
the magma. In older specimens before any other changes are
noticeable in the ovum, the magma become markedly increased,
and a variety of changes are found between the villi. I shall
not dwell further upon magma as I have recently dealt with
the subject in detail.?

It is perfectly clear that monsters are not due to germinal
and hereditary causes, but are produced from normal embryos
by influences which are to be sought in their environment.
Consequently, if these influences are carried to the embryo by
means of fluids which reach it either before or after the circula-
tion has become established, it would not be very far amiss to
attribute these conditions to alterations in the nutrition of the
embryo. Probably it would be more nearly correct to state
that change in environment has affected the metabolism of
the egg. Kellicott, who has recently discussed this question,
seems to be disinclined to accept such an explanation, but I do
not see that he has added materially to it by substituting the
word disorganization for nutrition as one might as easily say
that the altered nutrition causes the disorganization.?

In my paper on monsters I'stated that on account of faulty
implantation of the chorion the nutrition of the embryo is af-
fected, so that, if the ovum is very young the entire embryo is
soon destroyed, leaving only the umbilical vesicle within the

8 Mall, Franklin P. On magma réticulé in normal and in pathological de-

velopment. Contributions to Embryology, vol. 4, Publication No. 224, Carnegie
Institution of Washington, 1916.

? Kellicott, W. E. The effect of lower temperature upon the development of
Fundulus. Am. Jour. Anat., vol. 20, 1916.
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chorion, and this also soon disintegrates, leaving only the chor-
ionic membrane which in turn collapses, breaks down and finally
disappears entirely. In older specimens, on the other hand,
the process of destruction takes place more slowly and thus we
account for a succession of phenomena which correspond with
the seven groups of pathological ova recognized and given in
the various tables appended.

In my original study, I really went, I believe, a step farther
than Kellicott in his discussion of monsters, as he dropped the
subject by stating that the embryo is a monster simply because
it is disorganized. 1 attempted to analyze the process of dis-
organization more thoroughly and demonstrated that when
disorganization begins it is accompanied by cytolysis, but as
it progresses more rapidly it results in histolysis, and that these
two processes do not act with equal severity on all parts of the
embryo. When we consider the whole ovum, it is the embryo
itself which is first destroyed; while within the embryo the cen-
tral nervous system or the heart is the portion which is first
affected. Morphologically, these changes are accompanied by
a destruction of certain cells and tissues, leaving other portions
which continue to grow in an irregular manner. For this reason
I speak of the tissues which are first affected as more susceptible
than the others. The entire process of disorganization, result-
ing in an irregular product, I have termed dissociation. In
a general way this explanation is accepted by Werber in his
recent studies, but he employs the term blastolysis instead.!®

At the time I prepared my paper on monsters, Harrison was
just beginning his interesting experiments in tissue culture in
our laboratory. Since then this method of study has given us
clearer insight into the independent growth of tissues. I was
fully convinced from the study of pathological embryos that
tissues continue to grow in an irregular manner, thus arresting
normal development; but since we are more familiar with the

10 Werber, E, I. Experimental studies aiming at the control of defective and
monstrous development. A survey of recorded monstrosities with special atten-
tion to the ophthalmic defects. Anat. Rec., vol. 9, 1915. Also: Blastolysis as

a morphogenetic factor in the development of monsters. Anat. Rec., vol. 10,
1916.
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growth of tissues, as revealed by Harrison’s method, we can
understand a little better the process of dissociation. In fact
we have in our collection two striking examples of tissue culture
in human embryos. In one, the cells had formed an irregular
mass which is growing actively, but the contour of the organs
has been entirely lost. In the other, from a tubal pregnancy,
for some unknown reason, the ovum had been completely broken
into two parts, which in turn had cracked the embryo, and from
each piece had been a vigorous independent tissue growth, or,
as we may now say, a tissue culture. Accordingly, when an
embryo through changed environment is profoundly affected,
the development of one part of the body may be arrested, while
the remaining portion may continue to grow and develop in
an irregular manner. In very young embryos tissues or even
entire organs become disintegrated, as can easily be recognized
by the cytolysis and histolysis present, and the resultant dis-
organized tissue cannot continue to produce the normal form
of an embryo. If this process is sharply localized, for instance,
in a portion of the spinal cord or in the brain, spina bifida or an-
encephaly results. To produce a striking result, as in eyclopia,
a small portion of the brain must be affected at the critical time,
and I think the work of Stockard has shown clearly that this
is before the eye primordia can be seen. Consequently, in
order to produce a human monster, which is to live until the
end of gestation, the altered environment must be reflected
from the chorion to the embryo, so that the tissue to be affected
is struck at the critical time in its development. It is incon-
ceivable that cyclopia should begin in an embryo after the eyes
are once started in normal development. Moreover, the same
is true regarding hare lip, for after the upper jaw has once been
well formed, the abnormality cannot develop. We may extend
this statement to include club-foot, spina bifida occulta, and
other types of malformation. In fact, in discussing the origin
of merosomatous monsters, hardly more has been stated by
most authors than that there has been an arrest of development,
but I have attempted to point out that the primary cause is in
the environment of the egg and that the arrested development
is associated with destruction of tissue.



