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IN PREvious experiments it was demon-
strated that the intra-aortic injection of
incompatible blood, amniotic fluid, or
thrombin in the dog resulted in an im-
mediate drop in the arterial blood pressure.
This drop, was reversible, and the pressure
usually returned to normal spontaneously
in 15 to 45 minutes.4 8 It was also observed
that under certain conditions a secondary
fall in the blood pressure occurred a short
time later with ultimate death of the ani-
mal.4 5 Autopsy regularly showed hemor-
rhagic gastro-intestinal lesions similar to
those occurring subsequent to the admin-
istration of endotoxin. Because the clinical
and pathological picture of endotoxin
shock seemed identical to that produced by
the injection of incompatible blood, am-
niotic fluid, and thrombin, and since the
latter substances were shown to cause in-
travascular coagulation 4-6, 8 with resulting
changes in the clotting mechanism,7' 11 it
seemed desirable to investigate endotoxin
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shock utilizing the same methods which
had been used for the study of incompat-
ible blood and thrombin shock.4'

Methods
Fifty mongrel dogs of both sexes were

anesthetized with sodium pentobarbital.
Records of the arterial blood pressure were
made on a Sanborn Recorder from a large
size polyethylene catheter inserted into the
right femoral artery. The vena caval pres-
ure was also measured in eight animnals
from a polyethylene tubing introduced
through the femoral vein. A small-sized
catheter inserted into the left femoral ar-
tery up to the level of the thoracic aorta
was used to inject endotoxin and to with-
draw blood samples. Each dog was given
4.0 mg. of Escherichia coli endotoxin per
kilogram of body weight diluted to 60 ml.
with saline. The injection was given over
a five-minute period using a mechanical
syringe in order to insure a constant, even
injection. The endotoxin was prepared by
the Department of Bacteriology at Walter
Reed Army Institute of Research as fol-
lows:

E. coli was isolated from a dog later
used in this study. Biochemical reactions
of this organism were checked and only
organisms from smooth colonies were used.
A somatic antigenic analysis indicated that
this organism was not a member of any of
the known or suspected pathogenic groups,
or of groups 01 through 025. Organisms
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were grown in Peptone Phosphate Broth
(Difco-Detroit, Mich.), and the bacteria
were harvested and processed as described
by Noyes et al.-1 Sterilization of the endo-
toxin was effected by filtration through
membrane filters prior to animal injections.
The nitrogen content of the endotoxin was
1.1 per cent by weight as determined by
Nesslerization after digestion with selen-
ium-sulfuric acid. The LD50 was 170 micro-
grams when injected intraperitoneally into

FIG. 2. Gastro-intestinal tract of dog dying
three hours after injection of endotoxin. Note
hemorrhagic necrosis of the mucosa, of the duo-
denum (below) jejunum, ileum and cecum
(above).
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FIG. 1. Recording of
Group A dog given endo-
toxin at point of large ar-
rows. The upper record
shows the typical brief
rise and then dramatic
fall of aortic blood pres-
sure following endotoxin
injection. Note that the
pulse pressure before in-
jection was about 50 mm.
Hg and decreased after in-
jection to 10-15 mm. Hg.
The drop in both systolic
pressure and pulse pres-
sure persists for many
minutes. The middle rec-
ord shows the pressure in
cm. of H20 of the vena
caval blood. Before endo-
toxin it was about 4 cm.
and it dropped to essen-
tially zero after injection.
The lower record shows
respiration which was
markedly affected by the
injection.

16- to 18-Gm. albino mice of the Bagg
strain.
The dogs were divided into two groups:

Group A (25 dogs) received endotoxin
alone. Group B (25 dogs) received herapin
in addition to endotoxin. The experiments
were carried out on paired animal prepara-
tions, one dog receiving the endotoxin
alone, the other receiving 12 mg. of 1:
1,000 herapin per kg., intravenously, ten
minutes before the administration of endo-
toxin. The toss of a coin immediately be-
fore the experiment decided which dog
was to receive herapin. The last eight
heparinized dogs were given a lower dos-
age of herapin consisting of 6.0 mg./kg.
before endotoxin and 3.0 mg./kg. one
hour after endotoxin. Blood samples were
taken before injection of any material, and
at 20 and 60 minutes after the administra-
tion of endotoxin. In Group B, an addi-
tional blood sample was taken ten minutes
after the administration of herapin just
preceding the endotoxin injection. The fol-
lowing determinations were done on the
blood samples: 1) pH; 2) pCO2; 3) fibrino-
gen; 4) platelet count; 5) prothrombin
time; 6) thromboelastogram; 7) clotting
time; 8) prothrombin time; 9) antithrom-
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FIG. 3. Section of ileum of dog dying three
hours after injection of endotoxin. Note white
areas of dead superficial mucosa (pseudomem-
brane) which are peeling off leaving a raw

hemorrhagic mucosa.

bin titration; 10) protamine titration; 11)
thromboplastin generation; 12) labile fac-
tor; 13) lactic acid level; and 14) hemato-
crit. Most of these studies will be reported
in another publication 3 and not be dis-
cussed in detail here. Autopsies and histo-
logic studies were carried out on all cases

of fatality.

Results

Group A (Endotoxin). In these animals
the aortic blood pressure, after an initial
brief rise, always plummeted from a mean

of about 150 mm. Hg to depths ranging
from 25 to 60 mm. Hg 30 to 45 seconds
after the intra-aortic injection of endotoxin.
At the same time, the pulse pressure nar-

rowed down from a control level of about
50 mm. Hg to ranges of 10-15 mm. The
drop in the blood pressure lasted for several
minutes and was then followed by a slow
climb (Fig. 1). The narrowed pulse pres-
sure likewise persisted for a similar interval
and then began to slowly widen toward
normal. Both pressures approached their
control levels within 20 to 40 minutes in
most animals. In a few animals recovery
from the phase of hypotention was only
slight. Concomitant with the precipitous
fall of the arterial blood pressure, the in-
ferior vena caval pressure dropped from
preinjection levels of 4 to 5 cm. water to al-
most zero (Fig. 1). Respiration was also
markedly affected, and frequently, there
was an initial brief period of apnea. In four
animals manual artificial respiration was

applied for several minutes until sponta-

FIG. 4. Duodenum of dog dying three hours
after injection of endotoxin. Note in addition to
the hemorrhagic mucosa that there are four dis-
crete ulcerations completely through the mucosa.

neous respiration was resumed. Hyperpnea
ensued, persisting throughout the duration
of the experiment (Fig. 16).
A secondary drop in the arterial pressure

was observed to occur in most dogs start-
ing about 40 to 50 minutes after the injec-
tion of the endotoxin. This was slow and
gradual as compared to the dramatic earlier
drop. Furthermore, it displayed no signs
of reversibility and eventually culminated
in the animals' demise. Many dogs re-

mained deeply asleep and all 25 succumbed

FiG. 5. Undisturbed heart of dog dying after
injection of endotoxin. Note that the right heart
(on the left) is completely collapsed and concave.
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FIG. 6. Photomicrograph of lung of dog dy-
ing after injection of endotoxin. Note numerous
thrombi in small pulmonary vessels and wide-
spread hemorrhage and edema.

within two to 24 hours of the injection of
endotoxin.
Autopsy consistently showed a marked

hemorrhagic necrosis of the gastro-intes-
tinal mucosa, usually most pronounced in
the upper small bowel, but involving most
or all of the alimentary tract (Fig. 2).
Sloughing off of the superficial mucosal
layers was frequently encountered in the
terminal ileum leaving a hemorrhagic mu-
cosa beneath (Fig. 3). In several animals
numerous acute ulcerations were seen in
various parts of the gastro-intestinal tract
but mostly in the duodenal mucosa (Fig.
4). These appeared similar to the stress
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ulcers often seen in human autopsy mate-
rial. There was moderate congestion of the
liver, spleen and kidneys in all dogs, and in
one animal hemorrhage in the pancreas
was also noted. The lungs were heavy,
moderately congested and contained nu-
merous areas of hemorrhage: the right side
of the heart was usually collapsed (Fig. 5),
but otherwise normal. Histologic examina-
tions disclosed numerous plugs consisting
of fibrin and an amorphous collection of
agglutinated red cells and platelets in the
capillaries and small vessels of the lungs,
liver gastro-intestinal mucosa, kidneys, pan-
creas and spleen (Fig. 6, 7). These were
associated with focal necrosis in the liver
(Fig. 8), infarction in the spleen (Fig. 9),
and superficial necrosis, hemorrhage and
ulceration in the gastro-intestinal mucosa
(Fig. 10). Heart tissue appeared normal.
Laboratory Data. The blood coagula-

tion mechanism was markedly altered.
Blood clotted normally prior to the injec-
tion of endotoxin but frequently failed to
clot for hours in the specimens taken 20
and 60 minutes after the injection (Fig.
11). Average silicone clotting time for pre-
endotoxin blood was 10 minutes and 20
seconds. Average postinjection clotting time
was several hours. There was a significant
drop in the fibrinogen level (Fig. 12). This

FIG. 7. High power photomicrograph of kidney NOW

of dog dying after injection of endotoxin. Note FIG. 8. Photomicrograph of liver of dog dying
occlusion of small vessel by a plug or thrombus .
cnitn ofre cels agltiae an fiml after injection of endotoxin. Note focal central

bound togethere necrosis around central veins occluded by thrombi.
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finding did not account for the failure of
the blood to clot in most cases. This ab-
normality was due apparently to endoge-
nous heparin and low levels of other blood
clotting elements. These were multiple and
will be reported in detail elsewhere.3 The
decrease in levels of clotting elements is
probably due to their being used up in a
clotting episode.3 In addition, there was
activation of fibrinolysin in some cases
(Fig. 13). There was a marked increase in
lactic acid level of the blood after endo-
toxin and a swift production of a metabolic
acidosis.2
Group B (Heparin Plus Endotoxin).

In this group of 25 dogs, 12 survived and
13 died within 24 hours. Of the eight dogs
given the reduced and divided heparin
dosage six (75 per cent) survived. The
initial blood pressure responses were vari-
able. In one animal there was no significant
drop (Fig. 14). In four the drop in the
mean pressure was slight 10 to 30 mm. Hg
(Fig. 15). In the remaining animals a
marked fall occurred. This was similar to,
but not as marked as, that observed in
Group A dogs. The recovery started sooner
and proceeded faster than in Group A
(Fig. 16). The diastolic pressure returned
to 75 per cent of the control levels in an
average time of 4.9 minutes in these ani-

XIN SHOCK 795

FIG. 10. Photomicrograph of intestine of dog
dying after intra-aortic injection of endotoxin.
Note necrosis of superficial mucosa, and numerous
thrombi in the lower mucosa.

mals, as compared to a mean of 29.1 min-
utes in Group A dogs. Statistical analysis
of these readings shows a "t" value of 3.25,

FIG. 11. Thrombo
elastogram of blood1
of dog taken (1) be-'
fore injection of en-
dotoxin, (2) 20 min. .
after endotoxin and
(3) 60 min. after en-
dotoxin. Note the
normal configuration
of the record in the
first specimen with
normal clotting time.
Both the 2nd and
3rd specimens never
clotted, as shown by
the long narrow rec-
ords.

FIG. 9. Photomicrograph of spleen of dog dy-
ing after injection of endotoxin showing edge of
infarct.
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FIG. 12. Fibrinogen levels of Group A dogs
given E. coli endotoxin at point of arrow marked
"E." The individual determinations are recorded
as dots and the average drawn in a heavy line.
Note an average drop of 100 mg.% after endo-
toxin injection. Also note the many recorded
readings below 100 mg.% after endotoxin.
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FIG. 13. Blood of two dogs (E-3 and E-4)
given endotoxin. The upper three tubes are from
one dog, Tube 1 being taken before endotoxin
injection, Tube 2 20 minutes following injection
and Tube 3, 60 minutes following injection. All
tubes were allowed to clot although Tubes 2 and
3 took some time. After incubation at 37°C. for
24 hours, the tubes were tumed on their sides.
Note that contents of Tubes 2 and 3 are liquid,
denoting lysis of the clot. Similar tubes for dog
E-4, below, failed to demonstrate fibrinolysin.

Annals of Surgery
November 1961

significant at the 1.0 per cent level. The
systolic and pulse pressure readings of both
groups were also subjected to statistical
analysis and the differences were found to
be significant at the 1 per cent level. Mean
readings in both groups are charted in Fig-
ures 17 and 18. Additional significance is
provided by the fact that all the mean
pressure readings of the heparinized dogs
in the post endotoxin period were signif-
icantly higher than any of those in the non-
heparinized group. The secondary fall start-
ing after 40 or 50 minutes, which was prom-
inent in Group A, was only slight in Group
B (Fig. 17, 18) and intimated that these
dogs had a better chance of survival. The
respiratory disturbances (apnea followed
by hyperpnea) were not nearly so prom-
inent as in Group A (Fig. 16).
Autopsy findings were generally different

from those of Group A. The lesions in the
gastro-intestinal mucosa were usually ex-
tremely mild (Fig. 19) in comparison to
those in Group A (Fig. 2). Petechial hemor-
rhages were encountered in the heart and
other organs in 10 animals. This may have
been related to possible overdosage of hep-
arin. In the lungs, only a few very small
petechiae were seen as opposed to the
large areas of discoloration and hemorrhage
in Group A. Microscopic sections showed
none of the obstructing intravascular
thrombi noted in the previous group of
animals (Fig. 20), and there was no hemor-
rhagic necrosis evident in the liver.

Blood coagulation studies were rendered
impossible since heparin was used. How-
ever, determination of fibrinogen showed
that, while heparin itself caused a moderate
drop in fibrinogen, there was no further
drop in this element after the injection of
endotoxin (Fig. 21). The fibrinogen drop
associated with the administration of hep-
arin is probably related to the precipitation
of this protein by heparin as described by
Godal.1 Despite the fall caused by heparin
in this group of animals, there was not post-
endotoxin fibrinogen readings of less than
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FIG. 16. Record on typical paired dogs, E-45 and E-46, below. Dog E-45 received no

heparin. Dog E-46 received heparin at arrow at the left of 3rd channel. Both dogs received
endotoxin at arrow marked "E." Note that the non-heparinized dog's pressure dropped pre-

cipitously and remained low during the entire record. The pulse pressure also remained low
during the entire record. Note that the heparinized dog's pressure (3rd channel) while it
dropped markedly after the endotoxin injection, recovered quickly and demonstrated
essentially normal diastolic and pulse pressures within a few minutes. Statistical analysis of
these differences show significance to the less than one per cent value. Note also that the

respiration was markedly affected in the non-heparinized dog (2nd channel) with a severe

hyperpnoea starting soon after the endotoxin injection. This occurred to a much less extent
in the heparinized animal (4th channel).

100 mg. per cent, whereas about 1/3 of dogs
in Group A dropped below that level (Fig.
12, 21).

Discussion

The data provided by these experiments
indicate that the respnose of the mongrel
dog to the intra-aortic administration of
endotoxin, appeared to be similar to that
elicited by the use of other clotting agents.
In a previous communication,4 it was re-

ported that the immediate drop in blood
pressure incident to the intra-aortic admin-
istration of incompatible blood or amniotic
fluid was associated with an episode of in-
travascular clotting with plugging of capil-
laries and small vessels in the lungs and
liver. There was a measured rise in both
the portal vein and pulmonary artery pres-

sures.4 This phenomenon was attributed to
the obstruction of the flow of blood in the
liver and lungs by the formed thrombi.
Pulmonary obstruction decreases venous re-

turn to the left heart. The acute portal ob-
struction and generalized peripheral vaso-

constriction cause a decrease in the infe-
rior vena caval pressure, as was noted in
the present experiments. This decreases the
venous return to the right heart. The de-
creased venous return to both the left and
right heart contributes to a diminished
cardiac output. The circulatory embarrass-
ment caused by these thrombi could con-

ceivably be intensified by associated vaso-

spasm; the spasm being possibly mediated
by the liberation of smooth muscle stimulat-
ing peptides incident to the hydrolysis of
fibrinogen into fibrin under the influence

798
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FIG. 19. Gastro-intestinal tract of pre-hepar-
inized dogs dying after injection of endotoxin.
Note relatively normal gastrointestinal mucosa as
compared with non-heparinized dogs Figure 2.

FIG. 17. Average systolic blood pressure of
preheparinized dogs (H) and non-heparinized
dogs (E) injected with endotoxin at arrow E.
Note that the average initial fall was less in the
heparinized dogs and recovery more rapid. Also
note that there was a tendency for the pressure
to show a secondary fall in the nonheparinized
dogs whereas this was only slight in the heparin-
ized dogs.

E
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FIG. 18. Average pulse pressure of pre-heparin-
ized dogs (H) compared with non-heparinized
dogs (E) injected with endotoxin at arrow "E."
Note that the heparinized dogs did not fall as

low as the non-heparinized dogs and recovered
more rapidly. Also note that there was a marked
tendency for the pulse pressure to show a sec-

ondary fall in the non-heparinized dogs whereas
this did not occur in the heparinized dogs.

FIG. 20a. Gastric mucosa of pre-heparinized
dog dying after injection of endotoxin. Contrast
the lack of thrombi and hemorrhage with the
dark areas in the lower picture. b. Gastric mucosa

of non-heparinized dog showing areas of thrombi
and hemorrhage in the villi.
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FIG. 21. Average fibrinogen levels in Group
B dogs heparinized at arrow "H" and injected
with endotoxin at arrow "E." Note drop in fibrino-
gen after heparin but lack of change in fibrinogen
after endotoxin. Note lack of readings below 100
in this record as compared with the numerous low
readings after endotoxin alone in Figure 12.

of the enzyme thrombin.9 Recovery from
this primary fall in blood pressure may be
associated with the activation of fibrinolysin
and antithrombin in the blood stream and
washing out of capillary thrombi.8
As to the secondary and terminal fall in

blood pressure, additional mechanisms re-

sulting from the initiating factor of intra-
vascular thrombosis are brought into play.
The deleterious effect of the thrombi on

the involved tissue is evidently determined
in these animals not only by the extent and
the duration of the thrombotic phase and
associated vascular spasm but also by the
capability of the tissue to withstand the
greatly compromised oxygen supply. The
gastro-intestinal mucosa, kidney, liver, and
pancreas are relatively sensitive to anoxia
and seem particularly susceptible to injury
from an episode of intravascular clotting.
Furthermore, the circulating blood after
endotoxin injection is poorly oxygenatedI
and has a high lactic acid content,2 which
in itself may add insult to injury. The in-
tegrity of the gastro-intestinal mucosa ap-
pears to be a crucial factor in the survival
of the dog for the first 24 hours. The severe

damage sustained by this tissue was appar-
ently responsible for the early demise of
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the animals that died. The superficial layers
of the mucosa necrose and slough off leav-
ing a raw surface which rapidly ooses blood
and serum. This loss of blood and body
fluids ultimately causes a fall in the blood
pressure, which is usually terminal. In ad-
dition, the factors described in the initial
fall in blood pressure may be still operating
in part causing a decreased cardiac output.
This secondary blood pressure fall ap-
peared late in the experiment after the ani-
mal had already partially or completely re-
covered its control pressures. In some ani-
mals the two phases overlapped and the
demise vas therefore earlier. These changes
were similar to those previously reported
using injection of incompatible blood or
thrombin.8 Lillehei 10 attributed these mu-
cosal changes entirely to vasospasm. While
there undoubtedly is a significant degree of
spasm involved, it is believed this spasm is
probably not the predominant underlying
factor and could conceivably be secondary
to the thrombosis as explained by Laki.9
He isolated two peptides which were split
off from the fibrinogen molecule by the
enzyme thrombin. These peptides he found
to stimulate smooth muscle.
The data strongly suggest that the use of

heparin can greatly ameliorate the initial
phase of immediate hypotension and en-
hance the recovery of the blood pressures
(Fig. 17, 18). It is further demonstrated
that this anticoagulant drug can avert the
occurrence of the secondary and often ter-
minal phase of hypotension, especially
when the appropriate amount of heparin
is used. This is evident by the over-all im-
proved survival rate in the Group B dogs
and particularly outstanding in the last
eight animals of this group in which the
proper dose of heparin was approached.
The protective effect of heparin, as evalu-
ated in these experiments, appears to be
closely related to this drug's predominant
known action, i.e. anticoagulation. This
mode of action is strongly suggested by the
fact that no intravascular thrombi were seen

i
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in the heparinized dogs in contrast to the
numerous thrombotic plugs noted in the
vasculature of the non-heparinized dogs.
These findings would further lend support
to the contention that the pathologic phys-
iology underlying endotoxin shock is pre-
dominantly initiated by intravascular throm-
bosis and its sequelae.

Summary and Conclusion
Intra-aortic injection of E. coli endo-

toxin produces intravascular coagulation as
evidenced by,

1. Decrease (due to using up) of blood
clotting factors including, fibrinogen and
other clotting elements.

2. Finding of thrombi in tissue sections.
3. Finding of focal necrosis and infarcts.
4. Prevention of these findings by pre-

heparinization.

There is evidence that the immediate
(reversible) fall in blood pressure after
endotoxin injection is caused by a decreased
cardiac output secondary to

1. Decreased venous return to the left
heart because of acute cor pulmonale due
to blockage of pulmonary capillaries by
thrombi and associatated vasospasm.

2. There is decreased venous return to
the right heart due to damming of blood in
the portal system by thrombi in the liver,
and associated vascular spasm contributing
to a low inferior vena cava pressure, which
is also partially due to increased peripheral
resistance. This immediate blood pressure
drop can be prevented in part by heparin.
Recovery from it may be associated with
appearance of fibrinolysin in the blood and
lysis and washing out of the clots and plugs
in the capillaries and small vessels.
There is evidence that the secondary (ir-

reversible) fall in blood pressure and death
is assisted by loss of blood and serum into
the bowel lumen, caused by necrosis and
sloughing of the superficial gastro-intestinal
mucosa. This may be caused by ischemia
and anoxia secondary to plugging of mu-

cosal capillaries by clots and plugs. Factors
described in the primary blood pressure
fall may still be in partial operation. These
probably include dominantly the decreased
venous return to the right heart as evi-
denced by the finding of a collapsed right
ventricle at autopsy. These changes may be
largely prevented by preheparinization, but
once they occur are irreversible due to
mucosal tissue death. Acute ulcers fre-
quently seen in the present experiments are
apparently due to local infarction of mu-
cosa and may be analagous to similar le-
sions frequently seen in human autopsy
cases.

Focal necrosis of the pancreas, liver and
other organs while prominent in the dog is
not as prominent as the gastro-intestinal le-
sions. In humans this may be reversed. This
may account for the dogs demise within
12-24 hours in irreversible shock whereas
humans frequently die more slowly with
focal necrosis of the liver and kidney.

References
1. Godal, H. C.: Precipitation of Human Fibrino-

gen with Heparin. Scan. J. Clin. and Lab.
Invest., 12:56, 1960.

2. Hardaway, R. M.: Studies on pH Changes in
Endotoxin and Hemorrhagic Shock. J. Surg.
Research. In press.

3. Hardaway, R. M. et al.: Changes in Blood
Coagulation Mechanism in Endotoxin Shock.
In preparation.

4. Hardaway, R. M. and D. G. McKay: Dis-
seminated Intravascular Coagulation: A
Cause of Shock. Ann. Surg., 149:462, 1959.

5. Hardaway, R. M. and D. G. McKay: Intra-
vascular Thrombi and the Intestinal Factor
of Irreversible Shock. Ann. Surg., 150:261,
1959.

6. Hardaway, R. M., D. G. McKay, G. H. Wahle,
Jr., D. E. Tartock and R. Edelstein: Patho-
logic Study of Intravascular Coagulation Fol-
lowing Incompatible Blood Transfusion in
Dogs. Amer. J. Surg., 91:24, 1956.

7. Hardaway, R. M., H. E. Watson and F. H.
Weiss: Alterations in Blood Coagulation
Mechanism after Intra-aortic Injection of
Thrombin. A. M. A. Arch. Surg., 81:983,
1960.

8. Hardaway, R. M. and F. H. Weiss: Intra-



802 HARDAWAY AND OTHERS Annals of Surgery
November 1961

capillary Clotting as the Etiology of Shock.
A. M. A. Arch. Surg. In press.

9. Laki, K.: Some Aspects of the Fibrinogen-
Fibrin Transition. Nature, 187:758, 1960.

10. Lillehei, R. C. and L. D. MacLean: The In-
testinal Factor in Irreversible Endotoxin
Shock. Ann. Surg., 148:513, 1958.

11. McKay, D. G., R. M. Hardaway, G. H. Wahle,

Jr., R. Edelstein and D. E. Tartock: Altera-
tions in Blood Coagulation Mechanism after
Incompatible Blood Transfusion. Amer. J.
Surg., 89:583, 1955.

12. Noyes, H. E., E. J. Pulaski and H. H. Balch:
The Detection of Bacterial Endotoxins in
the Plasma of Dogs with Experimental
Periotonitis. Ann. Surg., 144:51, 1956.

Books Received for Review
Fredericks, Vic

Blades, Brian (edited by)

Flocks, R. H., M.D.
Culp, David, M.D.

Prof. Dr. Valentin, Bruno

Marble, Henry C., M.D., F.A.C.S.

MacCarty, Colhn S., B.A., M.D., M.S.

Woodruff, Michael F.A., M.D., M.S., (Melb.),
F.R.C.S., F.R.C.S.E., F.R.A.C.S.

Cooper, Irving S., M.D., Ph.D., F.A.C.S.

Conn, Howard F., M.D. (edited by)

Smith, Warwick (Architect)

Hughes, Carl W., A.B., M.D.
Bowers, Warner, F.A.B., B.Sc., M.D., M.S.,
Ph.D.
Willson, J. Robert, M.D., M.S.

Conwell, H. Earle, M.D., F.A.C.S.
Reynolds, Fred C., M.D. (edited by)

Translated from the French by Nicholas Andry

More For Doctors Only, Frederick Fell, Inc.,
Pub., 192 pages, 1960, $2.95.
Surgical Diseases of the Chest, C. V. Mosby
Co., 580 pages, 1961, $22.00.
Surgical Urology, 2nd Edition, Year Book Pub-
lishers, Inc., 441 pages, 1961, $10.50.
Gaschichte Der Orthopadie, Intercontinental
Medical Book Corp., 288 pages, 1961, $9.45.
The Hand, A Manual and Atlas For the Gen-
eral Surgeon, W. B. Saunders Co., 207 pages,
1960.
The Surgical Treatment of Intracranial Menin-
giomas, Charles C. Thomas, 69 pages, 1961,
$4.50.
The Transplantation of Tissues and Organs,
Charles C. Thomas, 777 pages, 1960, $25.50.
Parkinsonism, Its Medical and Surgical Ther-
apy, Charles C. Thomas, 229 pages, 1961,
$16.50.
Current Therapy-1961, W. B. Saunders, 806
pages, 1961.

Planning the Surgical Suite, F. W. Dodge
Corp., 471 pages, 1961, $12.75.
Traumatic Lesions of Peripheral Vessels,
Charles C. Thomas, 197 pages, 1961, $8.00.

Atlas of Obstetric Technic, C. V. Mosby Co.,
304 pages, 1961, $14.50.
Key & Conwell's Management of Fractures,
Dislocations, and Sprains, C. V. Mosby Co.,
7th Edition, 1153 pages, 1961, $27.00.
Orthopaedia, A photographic reproduction of
the first English edition of 1743, J. B. Lippin-
cott Co., 1961, $10.00.

(Continued on page 817)


