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TABLE T. 
Occurrence of Stoinal Ulcer Accompanying Gastric Resection of Variable Sizes (35, 50, and 
75%) Carried Out on the  Billrotli I Plan  of Operation After Administration of Histamine-in- 

Beeswax. 
~ ~~~~~~~ 

Series I--%% Gastric Resection. 
Dog No. Wt ,  Ib Survival, days Results 

356 -9 I -  1 k 16 4 1;rrgc duodenal ulcers. One perforated. 
330 45 4 5 Small  gastric ulcer. Small duodenal erosion. 
331 55 4 3 No ulccr. 
394 30 1i 2 duodenal ulcers, one perforated. 

Series IJ-50Yo Gastric Resection. 
325 45 45 Large duodenal ulcer. 
333 40 4.3 
313 34 4 5 
362 38 45 No ulcer. 

328 33 31 No ulcer. Pregnant.  Dead of uterine ~olvulus .  
329 44 45 No ulcer 
372 42 45 
3 i 3  55 4 5 

9 )  9 ,  7 ,  

,, 7 ,  9 )  

Series III-i5Yo Gastric Resection. 

9 9  7 ,  

2 ,  7 ,  

These experiments suggest that it is unlikely of stomach. A three-quarter resection will 
that substitution of the Billroth I for the protect against the histamine-in-beeswax pro- 
Billroth I1 plan of operation, in which a short voked ulcer, whether the operation is carried 
afferent duodenal loop is employed, will pro- out on the Billroth I or I1 plan of operation. 
tect against recurrent ulcer with less sacrifice 
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Gastric hemorrhage as a complication of 
fracture has beeq observed in patients in this 
clinic.' In a series of 52 dogs subjected to 
fracture of the humerus, or to a small drill 
hole placed through both cortices of the hu- 
merus or curettage of the bone marrow of the 
shaft of the humerus after placement of the 
drill hole, gastroduodenal pathology (erosion 

* Supported by special g ran ts  for  s u r g i c ~ l  re- 
sr:irc.li f rom tlrr following sources: Citizen's Aid 
Soviet?., Augustus I,. Searley Dr. and Mrs. H a r r y  
B. Ziniinerinan, tho Dr. Berenice Moriarity, the 
Ro1)el.t A. Cooper Funds,  and  a gran t  from the 
Gr;tduatr \School of the University of Minnesota. 

1 ~Vnngenstcen, 0. H., Merendino, K. A., and 
Litow, S. S., Bull. Ani.  Col l .  Surg., 1945, 30, 58. 

and/or ulcer) was demonstrated in 21% of 
the dogs2 In dogs with gastric pouches, such 
procedures, as well as the intravenous injec- 
tion of fat, failed to evoke evidence of stimu- 
lation of gastric secretion." I t  was observed 
however that ulcer could be produced by the 
intravenous injection of fat, when accom- 
panied by the administration of histamine-in- 
beeswax.* I t  remained to be shown, however, 

2 Merendino, K. A.: Litow, S. S., Armstrong, 
W. D., and Wangensteen, 0. H., Bitll. Ant. Coll .  
Surg., 1945, 30, 58. 

:%Merendino, K. A., Litow, S. S., and Wangen- 
steen, 0. H., B d l .  Am.  Coll.  Surg., 1945, 30, 58. 

-I Baronofsky, I., and Wangenstrcn, 0. €I., Bull. 
Ant. C O l l .  s t try . ,  1945, 30, 59. 
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TABLE I. 

liistamiiic-iii-bec.swax given intramuscularly once daily). 
Production of Ulcer in  Rabbits witli Intravenous F a t  and €Iist;rniine-in-Bees~~as Mixture. (30 mg of 

(Series T-Rabbits). 

s o .  of Amclullt Path.  reports 
Rabbit i i i jw- f a t  I.V., r 

H ~ i n a  r k s B L  K S ”  No. Size, k g  tions cc H c su 1 t s 

1 

<> 
d 

3 

6 

7 

8 

4 
5 
9 

10 
11 

1.38 1 11h 1’crfor:rting ulcer 

1.8 I! 1% 1’i~rfor:rtin.g ulcer 

1.58 1 11,5 S o  ulcer 

grea t t’r c u rva t ure 

g re: 1 t e r c u rva t u re 

2.1 4 2 Entire fundus 
eroded :l\v:ly 

1.8 - 1 I)uotlcnn 1 ulcer > 

1.58 1 1 Pcrfora ting ulcer 
lesser curv;1 ture 

Controls: Intravenous f a t  but no Iristaniinc. 
1.38 0 1% s o  ulcer 
1.55 0 llh ” ” 

1.38 0 11h2 ” ” 

1.8 “8 0 s o  ulccr 
1.58 21 0 ” ” 

(‘ontrols: Hist:imine but i i o  intravtwous f a t .  

Killcd 1 d:iy af te r  in- 

Iiillctl 2 days a f te r  inj. 

Dead pu1nion:rry cmbolus 

Dead in  4 days. 

I! ir1.j. 30 nig histamine 
Q.O.U. s 2. Sacrificed 
4 days af te r  last inj. 

Killcd 1 day af te r  inj. 

j e c  t ion. 

1 day. 

- + + +  
- + + +  
+ + + -  
- + + -  
- + + -  
+ + + -  

whether fat can be demonstrated in the end 
vessels of the gastric mucosa and submucosa 
in animals injected with fat in which ulcer was 
produced by intravenous injection of fat. This 
study concerns itself with that item. 

Method. Two series of observations were 
carried out on 52 animals consisting of 15 
rabbits, 18 dogs, 13 cats and 6 guinea pigs. A 
single, intravenous injection of fat was made 
in all the animals. Human breast or omental 
fat obtained from surgical procedures and ex- 
tracted with ether was used. One and one-half 
cc of fat per kg of body weight was injected 
intravenously in all animals except in the 
guinea pigs, in which the injection was made 
directly into the heart. 

The observations on these 52 animals are 
divided into 2 series. In the first, consisting of 
26 animals, the presence or absence of ulcer 
attending the intravenous injection of fat was 
noted. I t  should be mentioned here that only 
6 rabbits among the 52 animals employed in 
these experiments received, in addition to the 
intravenous fat, a daily injection of 30 mg of 
histamine-in-beeswax, prepared after the 

method described by Code and V a r ~ o . ~  
A second series of observations was then 

carried out on the fate of the intravenous fat, 
as studied by microscopic section in the 24 of 
the 26 animals in Series I that received fat in- 
travenously. Twenty-eight additional similar 
observations were made on 7 cats, 11 dogs, 4 
guinea pigs and 6 rabbits. 

Experiments: Series I .  Eleven rabbits, 6 
cats, 7 dogs, and 2 guinea pigs were used. Six 
of the rabbits received both the fat and the 
preparation of histamine-in-beeswax mixture. 
Three received fat alone and 2 received his- 
tamine alone. Of the 7 dogs, 5 received fat 
alone, and the remaining 2 had the left and 
right gastric and gastro-epiploic vessels ligated 
in addition to the fat injection. Both the cats 
and guinea pigs were submitted to intravenous 
fat only. 

Series ZZ. Fifteen rabbits, 18 dogs, 6 guinea 
pigs, and 13 cats were used. These were in- 
jected intravenously with about 1.5 cc of fat 
per kg of body weight and were sacrificed in 

.3 Code, C. F., and  Varco, R. L., PROC. SOC. EXP. 
13101,. A N D  MED., 1940, 44, 475. 
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TABLE 11. 
Production of Ulcer i n  Various Animals with Intravenous Fat (No Histamine). 

(Series I )  

No. of Amt Time of 
A. cats W t  of f a t  sacrifice 

____- ~ _ _ _ _ _  _ _ - . _  

6 1 t o 2  1.5 to 1 to 21 days 
kg  2 cc after inj. of 

Per kg  f a t  

No. of 
R. dogs 

7 8 to 10.5 1.5 cc Same 
kg Per kg  

Results Remarks 

Ulcers in 2 of 6 cats. Both showed emboli in  
Ulcers on greater brain, lung, kidney. Sub- 
curvature of stomach mucosal vessels of stom- 
of cats sacrificed 4 ach of the cat  sacrificed 
and 18 days after f a t  after 18 days showed f a t  
i n j .  emboli. 

One dog with bleed- This ulcer occurred in 
ing duodenal ulcer 14 one of 2 dogs that had 
days after fa t  inj. major arteries and vein? 

of stomach, except the 
short gastric branches of 
splenic vessels ligated. 

No. of 
C. guinea 

Pigs 
2 600 and 1 cc 2 and 4 days Typical gastric ulcers Emboli in brain, kidney, 

800 g after inj. of in the guinea. pig sac- and lung. Emboli i n  

f a t  inj. 
f a t  rificed 2 days after stomach near ulcer. 

TABLE 111. 
Occurrence of F a t  Emboli Attending the Intravenous Injection of F a t  (aeries I and 11). 

Amt of f a t  % of tissues revealing f a t  emboli 
injected 7 \ 

Stomach No. of animals cc/kg Lung Brain Kidney 

Sacrificed 1 to 4 days after f a t  injection. 

Sacrificed 5 to 21 days after f a t  injection. 
A. 23 1% 91 60 73.9 47.8 

B. 29 1% 41 11.1 34.4 3.7 

periods varying from one to 21 days. Sec- 
tions were taken from lung, brain, kidney 
and stomach and stained for fat emboli. 

Results. The incidence of erosion or ulcer 
(gastric and/or duodenal) attending the intra- 
venous administration of fat with or without 
histamine is shown in Tables I ,  11, and 111. 
In Series 11, in animals sacrificed within 
one to 4 days after the intravenous injection 
of fat, the occurrence of fat embolism in the 
various tissues was as indicated in Table 111. 

Discussion. These results show that fat 
emboli released in the blood stream may oc- 
clude the end vessels in the gastric or duodenal 
mucosa, causing areas of local anemia; thus 
these areas become susceptible to the acid- 
peptic digestive activity of the gastric juice. 
I t  has been shown previously in this laboratory 
that it is difficult, if not impossible, to pro- 

duce acid peptic ulcers in the rabbit using 
histamine alone.G Yet, with a combination of 
histamine and fat intravenously, ulcer can be 
produced quite consistently. The mechanism 
of ulcer production undoubtedly is plugging 
of the end vessels to the mucosa. Even though 
intravenously injected fat does not stimulate 
nor augment gastric secretion, the resultant 
anemic areas in the mucosa become less re- 
sistant to injury and digestion by the acid- 
peptic juice than is the normal mucosa. Micro- 
scopic studies of the gastric wall of animals 
into which fat has been injected intravenously 
indicate definitely that the rate of disappear- 
ance of the fat from the mucosal and sub- 
mucosal vessels is rapid. This circumstance 

G Hay, L. J., Varco, R. L., Code, C. F., and 
Wangenstecn, 0. H., Surg. ,  Gyn. and Obst.,  1942, 
75, 170. 
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undoubtedly accounts for the fact that ulcer 
or hematemesis have not been observed more 
commonly to accompany fracture of long 
bones in man. That fat  emboli in the lung 
and brain are common occurrences in patients 
dying early after fracture of long bones is 
well known. In response to an inquiry ad- 
dressed to 50 American orthopedic surgeons 
concerning the occurrence of hematemesis or 
ulcer after fracture, 42 replies were received. 
None reported observing ulcer or bleeding 
after fracture. However, two surgeons each 
reported having observed hematemesis once 
after the manipulation of a stiff joint under 
anesthesia. I t  has been indicated previously 
that the production of chronic arterial spasm 
also invites the occurrence of erosions and 
ulcer.s In other words, even temporary areas 
of anemia in the gastric or duodenal wall 

7 Response to :in inquiry addressed to 50 Anier- 

8 Baronofsky, I., :ind W;ingcmstcen, 0. H.. Hull. 
ican ortliopedic surgeons. 

A m .  c'oll. Sitrg. ,  1945, S O ,  59. 

render those areas prone to injury by the gas- 
tric juice. Arterial thrombosis of gastric ves- 
sels, as well as arteriosclerosis of the terminal 
gastric vessels probably abet the ulcer dia- 
thesis in patients whose stomachs secrete nor- 
mally. I t  would appear to be justifiable to 
suggest that bacterial emboli, lodging in the 
end vessels of the gastric mucosa, may also 
invite erosions and hematemesis 

Conclusions. Fat emboli may cause gastric 
and/or duodenal erosions or ulcers. The pres- 
ence of fat emboli after intravenous injection 
of fat may be demonstrated in the lung, brain, 
kidney and stomach. Its rate of disappear- 
ance in experimental animals is such that after 
4 days it is found in sections of lung tissue in 
41%, brain l l . l % ,  kidney 34.4% and the 
stomach of 3.7% of the sections examined. On 
the contrary, in sections of those animals 
sacrificed within one to four days after the 
intravenous injection of fat, the incidence of 
demonstrable fat  emboli in the same tissues 
was: lung 91%, brain 61%, kidney 73.9% 
and stomach 47.8%. 
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Obstruction of Splenic Vein Increases Weight of Stomach and Predisposes 
to Erosion or Ulcer.* 

IVAN BARONOFSKT AXD OWEN H. WANGENSTEEN. 
Front the Dcpartnmrl of S u r g c r j ,  U ~ i i r ( ~ r , s i t y  of A f i , i w r w l c L  Aletlical School, Mimicapolis.. 

Bleeding from esophageal varices, in con- 
ditions which give rise to portal hypertension, 
occurs not infrequently. The usual explana- 
tion is that such bleeding has its origin in the 
increased hydrostatic pressure; in other words, 
rupture of the mucosal and submucosal veins 
occurs. At autopsy or operation, unusually 
large veins are observed commonly in the 
omenta of the upper end of the stomach and 

* Supported by special g ran ts  for surgic.:il ro- 
scarcli from tlie following sourc'('s: C'itizca 'S -Aid 
Socicty, Augustus L. &:irk, Dr. and Mrs. H a r r y  
B. Ziminerin;in, tlie Dr. Bercnice Moriarity, the 
Robert A. Cooper Funds, aiid a grant  from the 
Graduate Scliool of the Unircrsity of Minncsot:~. 

about the lower end of the esophagus. Pa- 
tients with obstruction of the superior vena 
cava, exhibiting esophageal varices, do not 
bleed, however. A more likely cause of bleed- 
ing, therefore, in portal hypertension would 
appear to be erosion by the gastric acid-peptic 
digestive juice. The purpose of this presenta- 
tion is to test this latter thesis experimentally. 

Methods. These experiments were carried 
out on rabbits and dogs in 3 series. In each 
series an obstruction to the normal venous 
return of part or all of the stomach to the 
portal system was made. In  2 of the series, 
the normal flow of venous blood from the left 
gastro-epiploic vein into the splenic was ob- 


