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1. EXPERIMENTAL AND CLINICAL STUDIES OF
FIBRINOGEN A:NDHEPARIN PRECIPITABLE
FIBRI1TQGEN,"""PARTICULARLY AS RELAT],1)
TO FIBRINOID DISEASE

Richard T. Smith, M.D.
Carol Vaubel, B.A.
Lewis Thomas, M.D.

Intravenous injection of two appro
priately spaced doses of gram-negative
bacterial endotoxin into the young rabbit
results in a catastrophic reaction of

. hemorrhage and necrosis in almost every
organ - the generalized Shwartzman phe
nomenon. l ,2 The underlying histopatho
logical lesion in this experimental
model has been shown to consist of oc
clusion of small blood vessels by intra
vascular and perivascular deposits of a
homogeneous pink-staining material with
the tinctorial qualities of fibrinoid. 3,
4,5,6 These experimental fibrinoid
lesions have attracted particular inter
est because of their striking resemblance
to the lesions found in certain human
diffuS~ vascular disaases7 and infec
tions. Several lines of indirect evi
dence suggest that the fibrinoid deposits
in the experimental animal originate in
the fibrinbgen cornponent of the circu
lating blood.9,10,11 Moreover, direct
imIDunological identification of fibrin
in the fibrinoid deposits from human
pathologic; material has been recently
achie~ed.12 ..

. It was of interest, therefore, to
examine the blood of the experimental
animal, as well as human patients, for
changes in fibrinogen which might be
related to these pathologic deposits. It
is the purpose of this presentation to
review the available evidence pertaining

These studies were supported in part by
grants from the National Heart Institute
of the National Institutes of Health,
The Helen Hay Whitney Foundation, The
Minnesota Heart Association, The American
Heart Association, and the Graduate
School of Research Fund.

to origin and nature of fibrinoid and to
present the results of recent studies of
quantitative and qualitative alterations
of circulating fibrinogen in the experi- .
mental model, and in various human dis
eases, which appear to be related to
fibrinoid deposition.

~~ of evidence for origin of
fibripoid fr~the circulating blood
The perivascular and intravascular
eosinophilic deposits in both the gen
eralized Shwartzman reaction and human
"fibrinoid disease" demonstrate all of
the special tinctorial qualitie~ which
differentiate them from fibrin. 6,7,13 On
the other hand, it is difficult to
reconcile this histochemical evidence
that fibrin and fibrinoid are signifi
cantly different with the considerable
body of indirect evidence that fibrinoid
originates in the circulating blood.
Some items of evidence for origin in the
circulating blood of fibrinoid, and more
specifically, fibrinogen, are as follows:

1. The earliest visible microscopic
change in the generalized Shwartzman
reaotion is deposition of layers of fib
rinoid along the renal glomerular endo
thelium. This progresses to complete
ooclusion; occasionally clumps are seen
backing up into the afferent arteriole4indicating its intravascular origin. 1, ,6

2. Glomeruli may be isolated by dif
ferential sedimentation of a mash of
kidney from a rabbit With the generalized
Shwartzman reaction. 14 The fibrinoid in
these glomeruli is dissolved by proteo
lytic enzymes, and is birefringent 1n
polarized light, suggesting a protein
wi th highly organized molecular config
uration, similar to polymerized fibrino
gen.

3. Doses of heparin sufficient to
render the blood incoagulable for 2 - 3
hours after the provoking injection of
endotoxin protect rabbits against the
generalized as well as the dermal
Shwartzman reaction. 15 This suggests
that some alteration in blood coagulation,
prevented or reversed by heparin, is re
lated to fibrinoid deposition.



4•. Fibrinoid depoe,its identical to
those of the generalized Shwartzman
reaction can be produced by intravenous
injection of any of several large-mole
cule acid polysaccharide sulfates in com-.
bination with a single injection of
small amounts of endotoxin,9, 16 or by
direct renal ~rfusion of pglJlIDer-endo
toxin prepared donor blood. 11 No reac
tion occurs with these doses of the
polJlIDer alone or with endotoxin alone.
'lhese substances, including polyanethol
sulfonate ("LiqUOid"), polyvinylalcohol
sulfa te ( PVAS ), and dextran sulfate,
share the heavy charge, anticoagulant,
and combining properties of hepar.in,
Anticoagulant doses of heparin were
found to prevent comple~ely the endotoxin
polymer reaction providing heparin was
given before the polJlIDer. Walton and
co-workers17 have found that dextran
sulfate precipitates fibrinogen in vitro,
and that precipitation is blocke~by
prior exposure to heparin. It seems
reasonable, therefore, to postulate that
polymers produce .in vivo precipitation
of fibrinogen and~h~ese precipitates
are in turn responsible for the endo
tOXin-polymer reaction. 'lhe first sec
tion of this presentation is conc&rned
with shOWing evidence of fibrinogen de
pletionby the acidic .polymers, and with
a qualitative change infibrinogen oc
curring after endotoxin in rabbits.
These studies are being reported in de
tail elsewhere. 10

Materials and Methods - Rabbits of a
hybrid albino stock, weishing approxi
mately one kilogram, were used for all
experiments.' Blood. specimens were ob
tained by heart puncture with a 22-
gauge needle. Blood was always with
drawn rapidly and mixed with the anti
coagulant. If any technical difficulty
in obtaining blood specimens was encoun
tered, the animal was discarded. Menin
gococcal endotoxin, prepared as previous
ly described,l was diluted in sterile
pyrogen-free saline, and injected intra
venously in a 2.0 ml. volume. Na
Po lyane tho1 sulfonate, "Liquoid ", ob
tained from Hoffman-LaRoche, Nutley,
N. J., was 'prepared in sterile pyrogen
free saline in a 10 mg./ml, concentra-

tion " Fibrinogen de term.inat ions were
made oii"plasma samples ,us ing ACD anti
coagulant, by a mod~ication of the
method of Morrison, described else-
where. 10 A correction factor for "oc
clusion" of other proteins 18 was made and
the result expressed as Gm. per 100 ml.
The procedure for measuring heparin
preoipitable fraotion is outlined in the
text. Heparin employed for these exper
iments included a pure sodium heparin
preparation (129 WP units per mg., lot
Dx-629) generously supplied by Dr. James
Dugger of the Upjohn Company, Kalamazoo,
Miohigan, and oamnercial heparin solu
tions containing 10 mg. per ml., prepared
by The TJpjohn Company, Vitarine Company,
and Hoftman-LaRoche.

~a~ges in circulating fibrinogen
during the generalized Shwartzman reac
rioO ~roduoed by endotoxin in combination
with 'Liquoid" - If a relationship be
tween oirculating fibrinogen and fibrin
oid deposition is postulated on the basis
of various items of indirect eVidence;
it follows that an alteration in the
blood level of fibrinogen should be de
monstrable at the time these deposits
are being laid down. Accumulation 91'
fibrinoid in the blood vessels is. known
to begin Within one hour of the provoking
injection of 'endotOXin, and earlier in
the case of the endotoxin-polymer reac
tion. Therefore, groups of rabbits were
given a single intravenous injection of
1-200 endotOXin. TWo hours later, after
a base line bleedi~, 8 mg. of "1,.iquoidl'
was injected intravenously and a second
blood specimen obtained one hour later.

Besults of this experiment are shown
in 'r'able 1. It w11l be. seen that sig
nificant reductions in fibripogen levels
occurred in the endotOXin-treated
rabbits given "Liquoid.", while ~nimals
receiving "Liquoid" alone showed no
sign ificant change in fibrinogen. Fib
rinogen depletion occurred Within 10
minutes and lasted up to 6 hours in
other experiments in which 8 .mg. of
"Liquoid" was givep. Significant deple
tion of fibrinogen in blood sl?6cimens
taken one hour after "Liquoid" were
found after 10.0, 8.0, 4.8, and 2.4. mg.
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Table I

Fibrinogen Depletion by Liquoid in Rabbits Given

~ingococcal Endotoxin

Rabbit Fibrinogen Grams Percent
Group Number Before LJ1,uoid One hour after

Liguoid

Endotoxin* followed 1 .22 .06
in two hpurs by in-
travenous L1guoid** 2 .24 .07

•
3 .17 .03

4 .27 .03

j 5 .15 .00

6 .20 .09

Average .208 .047

Intravenous 1 0.21 .17
Liquo id alone

2 .29 .26

3 .27 .24

4 .26 .20

5 .22 .17

6 .24 .16

,. Average .24 .20
.-

* 2.0 ml. 1 - 200 meningococcal endotoxin given intravenously

** 8.0 mg. Liguoid in 2.0 ml. saline

"Liquoid" were injected after endotoxin,
but not after 1.2 mg. This range of
"Liguoid" dosage producing fibrinogen
depletion corresponds roughly to those
ryroducing the generalized Shwartzman re
dction with "Liguoid"-endotoxin combina
tions.

Similar experiments have been con-

due ted with the conventional two-dose
Shwartzman reaction. However, no signif
icant change in fibrinogen level could
be. demonstrated using various amounts of
endotoxin and twcing blood specimens at
varying times after provocation. Since
fibrinogen turnover takes place at an
extremely high rate,20 it seems possible
that the slower rate at which deposition
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occurs in the conventional reaction .
could be compensated for by rapid replace
ment into the circulation.

Prevention of fibrinogen depletion
by "LiquOid" with anticoagulant doses of
heparill - Deposition of glomerular fib
rinoid in the glomerular capillaries of
rabbits treated with endotoxin and
polymer is complete ly prevented by prior
injection of anticoagulant doses of
heparin. Experiments were therefore de
signed to d.etermine if similar amounts
of heparin prevent fibrinogen depletion
by "Liquoid". Table II gives the results
of an experiment in which groups of
rabbits were given intravenous injections
of 1-200 endotoxin, followed in two hours
by 8 mg. of "Liquoid" intravenously.
Twenty-five mg. of heparin were injected
immediately before "Liquoid." Blood
specimens were taken before and one hour
after "Liquoid" administration. Appro
priate controls which received endotOXin
followed by "Liquoid" and endotoxin fol
lowed by heparin were included. No sig
nificant difference was found between
the fibrinogen levels of the heparin-'
treated endo toxin- "Liquo id" group and
the controls receiving only endotoxin
and heparin. Aga~p, marked depletion of
fibrinogen was observed in the group
receiving endotoxin and "Liquoid" without
heparin.

These experiments indicate that fib
rinogen depletion of the circulating
blood by "Liquoid" parallels in timing
the appearance of fibrinoid deposits in
the kidneys and other vessels, and that
heparin in dosage sufficient to prevent
fibrinoid deposits also prevents fibrin
ogen depletion.

Demonstration of a heparin-precipit.
able fraction in the plasma of. endotoxin
.treated rabbits - Assuming that fibrinoid
is somehow derived from fibrinogen, it
may be inferred that an alteration in
this.'. component of circulating blood must
occ~ following endotoxin injection,
whi9h renders it more susceptible in
'Y:i:Vo~;:to precipi ta·tion by IILiquoid" and
other polym~rs. Attempts were therefore
made to demonstrate a qualitative 1£

vitro change in the blood of rabbits
given endotoxins which would result in
increased precipitability by polymers.
A component of the heparinized plasma
of endotoxin-treated rabbits was found
whioh would precipitate reversibly at
40D. 2l

This heparin-precipitable fraction
(HPF) is demonstrated by taking blood
samples into heparin in a final dilution
of 1 mg. per ml., then centrifUSing at
2600 r.p.m. for 15 minutes, separating
the plasma, and cooling it to 40C. The
prec~pitation first appears about 30
minutes after placing in the cold as a
visible opalescence with gradual opacif
ication. Soon the precipitate collects
as fine, then coarse, floccules, and
within two hours a dense, opaque, floc
culant precipitate has formed'in'the
tube. This precipitate redissolves on
wal1l1ing to 370 C. No precipitation
occurs in serum or in freshly obtained
oxalated or citrated plasma. Addition
of heparin to oxalated or citrated
plasma, but not to serum, causes cold
precipitation similar to that in hepar
inized plasma.

In an experiment designed to estimate
quantitatively the HPF appearing after
a single endotoxin injection, rabbits
were given 1-200 endotOXin intravenously
and bled two hours later. The hepar
inized plasmas were chilled for six
hours, the precipitate collected by
centrifugation at 4°c, and washed twice
with cold phosphate'buffer pH 7.4, M/20.
The protein content of the precipitates
was then measured by the biuret method.
'Data from this experiment are presented
in Table III. The average precipitate
'in this experiment ·represented 0.043 Gm.
'/0 of protein, while the range was from
0.03 to 0.06 Gm.'/o. In other experiments
values as high as 0.20 Gm.% have been
observed.

The time of appearance and duration
of presence of BPF is shown by the data
in Table IV. In this experiment groups
of rabbits were given an intravenous
injection of 1-200 endotOXin, bled at
various times afterward. . The plasma was

.
"
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Table II

Heparin Frevention of Fibrinogen Depletion by "Liquoid" in Rabbits Given

Meningococcal Endotoxin

Rabbit Fibrinogen Grams Percent
Group -

One hour after--l'fumber :Before Liquo1d Li'1uoid

* 1 .22 .16Endotoxin followed
in ~lO hours by in- **

2 .43 .37travenous "Li'1uoid."
Heparin*** before

.20 .17"Li'1uoid. " 3

4 .17 .13

5 .20 .16

6 .17 .14
f--.

Average .232 .188

Endotoxin followed 1 .20 .09
in two hours by in-

2 .17 .03travenous "Liquoid"
No heparin.

3 .17 .02

4 .20
.

• 00

5 .17 • 00

6 .31 .14

Average .220 • 046

Endotoxin followed 1 .18 .17
in two hours by
Heparin. Bleedings 2 .39 ,

.27
before and one hour
after Heparin. 3 .25 .22

4 .18 .17

5 .25 .21

6 .19 .17

Average .240 .201

* 2.0 mI. 1 - 200 meningococcal endotoxin intravenously
** 8.0 mgm. "Li'1uoid" in 2.0 mI. saline
*** Heparin, 25 mgm. injected intravenously immediately before "Li'1uoid. I:
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Table III

Amount of Heparin-Precipitable Fraction Present in Plasma of Rabbits
, *Two Hours after Intravenous Meningococcal End,otoxin

-
Rabbit Number Heparin Precipitable fraction

Grams Percent

1 0.06

2 0.03

3 0.04

4 0.04

5 0.03

6 0.06

Average 0.043

* Rabbits given 2.0 ml. 1 - 200 meningococcal
endotoxin intravenously, bled two hours later.

Table IV

Time of Appearance of Heparin-Precigitable Fraction in Rabbit Plasma

after an Intravenous Injection of

*Men:tngococcal EndotOXin

Time of Bleeding Number of Rabbits Number with
In.lected HPF

Before endotOXin 20 1
, ,

15 minutes after endo toxin 10 0

30 minutes after endotox,in 10 1

1 hour after endotOXin 20 16

2 hours after endo toxin 20 20

4 hours after endotoxin 20 19

6 hours after endotoxin 10 8,

24 hours after endotoxin 20 5

* Rabbits given 2.0 m1. 1 - 200 meningococcal endotoxin. 'J\t the
time intervals indicated, the animals were bled, and the ,heparin~

izedplasma chilled to 40 for'two hours. The number shOwing a
precipitate at this time 1s indicated.

...
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chilled to 4°c and observed after two
hours for the presence of precipitate.
RPF was absent at thirty minutes, but
had appeared in the plasma of most
rabbits by one hour, and all rabbits by
two hours after injection. It was gone
in 7'7~ of rabbits 24 hours after injec
tion.

Studies attempting to determine the
oomposi tion of HPF in the experimental
animal indicate strongly that it is
closely related to, if not identical,
wi th fibrinogen. For example, it mi
grate's with fibrinogen on paper electro
phoresis at 37°C, it is partially clot
table by thrombin, it is absent from
serum, and it gradually takes on the
appearance and consistency of a clot,
being no longer completely soluble at
37°C if allowed to remain in plasma more
than 24 hours at 4°c.

Further evidence of the identity of
HPF, and fibrinogen was obtained in ex
periments which showed that RPF, like
fibrinogen, was abruptly depleted in the
endotoxin treated an:lmal g1ven an intra
venous injection of "Liquoid.u

The appearance of RPF in plasma fol
lOWing an injection of endotoxin can be
completely prevented by prior intraven
ous injection of anticoagulant doses of
heparin. Table V shows an experiment in
which a group of .twelve rabbits "lere
given 1-200 endotoxin, bled two hours
later, and the plasma observed for the
appearance of RPF. 1be precipitates ap
pearing after two hours at 4°c were com
pared with those from an identical group
of rabbits receiving 20 mg. heparin
immediately before, one hour and three
hours after endotoxin. It will be seen
that RPF appeared in no group receiving

J
.p,
1,
~

f

Table V

Prevention of Appearance of Heparin-~cipitable Fraction in Plasma of Rabblli

after Intravenous Meninsococcal Endotoxin

by Prior Heparin Treatment

Number Number
Procedure of Rabbits with HPF

Intravenous endotoxin.*
Bled two hours later. 12 11

20 mgm. Heparin in-
travenously immediate-
ly before endotOXin. 12 0
Bled two hours later.

20 mgm. Heparin intra-
venously one hour after
endotoxin. Bled two 12 5
hours after endotoxin

20 mgm. Heparin intra-
venously three hours
after endotOXin. Bled 12 12
one hour later.

* 2.0 mI. I - 200 meningococcal endotoxin
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heparin before 'endotoxin, in five of
twelve receiving it one hour later, and
in all 'receiving' heparin three hours
later. Eleven out of twelve rabbits in
the control group showed precipitates.
In other experinlents it has been found
that the appearance of,HPF after endotoxin
injection is not prevented by nitrogen
mustard in a leucopenia-inducing dose,
or by 'prior treatment with cortisone.

Studies of a' Hepari.n-Prec~.l1..table. Frac
tion Occurring in the Plasma in Various

HUI.O.an Disease States -

The studies cited above in experi
mental animals prompted examinations of
human plasma fora similar qualitative
fibrinogen alteration, particularly in
disease states oharacterized histopatho
logically by fibrinoid deposition. A
hep"arin-precipitable ,cold-insoluble pro
tein, similar to that produced in experi
mental an:lmals, was found to be present
in large quantity in the plasma of pa
tients with acute rheumatic fever, rheu
matoid arthritis, periarteritis nodosa,
and other vascular diseases. However,
further studies demonstrated clea~ly

that HPF occurs in similarly large
amounts in a variety of other diseases,
including meningitis, Group A, hemolytic
streptococcal pharyngitis, disseminated
neoplasms, hypersensitivity states, and.
in smaller quantityin normal persons.•
The results of serial quantitative esti
mations of fibrinogen and heparin-pre
cipitable fibrinogen in various disease
states, and studies of the properties 'of
HPF are presented in this section.

Methods and techniques - Blood speci
mens were obtained fram patients with
various diseases and from normal volun
teers in the fasting state and immediate
ly mixed with the appropriate anticoagu
lant. At each bleeding, samples were
taken in heparin, 1-50 final dilution,
for HFF determinat ion, into f1double
oxalate II for erythrocyte sedimentation
rate and fibrinogen determination, and
into a sterile tube for serum mucopro
tein, C-reactive protein, and other
studies.

HPF was determined by measuring the

protein .content of the precipitates
formed in heparinized plasma', after 18
hours at 40 0. 'Ihe precipitates were
washod twice with pH'l.4 M/20 'Sorensen
phos phate buffer by centrifugation at
2600 r.p.m. in .the International refrig
erated centrifuge at 4°c. The precipi
tate was then dissolved in buffer at
37°C for 30 minutes, whereupon the pre
cipi tatewo,uld go back.intosolution~

The protein .content of the resultant sol
ution wasde·termined:·by the biuret tech
nique employing a Coleman, Jr~ spectro
photometer. ·'ille resultant. value was ex
pressed as grams per 100 cc. plasma.' The
method produces results, in :replicate
samples'; from patients,w i th varyipg H.PF
levels, ",hich vary within 0.010 Gm.t%.
The conditions ,chosen for the determina-'
tj.on were found ...to be optimal for main
taining insolUbility at 4°c durulg
washes, and at the same time ma.ximum sol
Ubility on rewarming to 370 C. Details
concerning the effects of pH and ionic
strength on solubility will be reported
later.

In experiments in Which electrophoret-,
ic patterns were obtained, or c1ottabil
tty by thrombin estimated, HPF was pre
pared as described above.

Fibrinogen was determtned by a modifi
cationlO of the method of Morrison. 18
The results, expressed in grams per 100
m1., include the correction factor.
Erythrocyte sedimentation rates were de
termirled by the Westergren method; the
numerical result refers to the fall in
mil1imetere in one hour.

C-reactive protein was estimated
us ing the capillary tube techn ique and
Schieffl,in "-C.R.P.A." rabbit anti-C
reactive protein. Results are given
from 0 to 4+ depending.on measurements
of the column of pr~cipitate present
after 18 hours of refrigeration.

Result of Cl1nicalStudies - Approxi
mately 1600 determinations of HPF have
been performed sipce July, 1954, on
normal adults ·and children, and in pa
tients of all ages with a variety of
disease states. Attempts "lere made to
study selected patients serially with a

•

~-

,
\

"
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group of determinations rather than to
include all possible varieties of dis
ease. Most experie nee lias been gained
to date in patients with rheumatic fever,
rheumatoid arthritis, lupus erythemato
sus, meningitis, nephrosis, malignancy,
and various acute infectious diseases.

Normal values for HPF and fibrinogen
have been determined on a group of 100

apparently healthy adults. Figure 1
depicts the distribution of these HPF
values. It will be seen that the normal
adult valu~s ranged from 0.01 to 0.13
'~ th'emean value being 0.056 gm.~~.

Summary graPhic charts depicting clin
ical' progress correlated with HPF, fib
rinogen and other determinations have

,Figure I '

~eparin-Prec1pitable Values on ~OO Apparently Heaithy Adults
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been prepared for representative cases
and will be presented. Data sheets on
groups of p~tients with various dis
eases, showing HPF values in relation,
to the clinical state, a~nd other s imul
taneous laboratory determinations cor
responding to that value, are presented
in Tables VI,VII, VIII, IX, X, XI.

Table VI shows that most pati~nts with
acute rheumatic fever were found to have
HPF values well above normal, in two
instances exceeding 1.0 gm.%. No con
sistent correlation of HPF level with any
single feature cif the 6linical condition
of the patient was found; however, it
tended to be highest in the most



Table VI

Relation between Clinical Activiy~ Heparin-Precipitable Values in Patients with Rheumatic~

Initials Age Duration Activity HPF Fibrinogen HPFI ESB CRP
Gm.i% Gm.1' - -Fib.

Fever Arthritis Carditis Failure-.. 12 yrs. 2 weeks 103 0 5+ 4+ 1.38 0.68 2.01 114 6+
~ 8 yrs. 1 week 101 0 4+ 1+ 1.10 120 6+

, 8 yrs. 1 week 102 2+ 4+ 0 .67 .51 1.30 75 3+·.. 16 yrs. 1 month 1lk? 0 0 0 .65 ~46 1.41 96 2+
,. 14 yrs. 3 weeks 1+ 4+ 0 .59 .57 1.03 108 5+

- 9 yrs • 1 week 103 4+ 3+ 0 .57 .64 .88 121 4+... 7 yrs • 2 weeks 102 1+ 0 0 .56 .49 1.14 45 3+
, 30 yrs. 2 weeks 100 0 1+ 0 .42 65 1+,.
, 24 yrs. 5 months 1+ 2+ 0 .40 ~42 .95 62 2+I.

~. 13 yrs. 8 months 3+ 2+ 0 .40 .40 1.00 46 -
). 7 yrs. 2 weeks 102 4+ 4+ 1+ .30 .29 1.03 49 2+
I. . 7 yrs. 1 month 101 1+ 3+ 1+ .27 .49 .55 68 4+
•• 9 yrs • 3 months 3+ 3+ 0 .26 .74 .35 93 4+
'. 12 yrs. 3 months 0 1+ 0 .26 .37 .70 36 1-
1. 10 yrs. 1 month 0 1+ 0 .24 .36 .67 46 -.. 38 yrs. 4 weeks -2+ 1+ 0 .23 .19 1.21 22 1+

· 5 yrs. 1 month 100 0 2+ 0 .17 .42 .40 62 2+

· 12 yrs. 1 month 0 2+ 0 .17 .38 ~45 89 -
· 13 yrs. 3 months 101 0 2+ 4+ .16 .21 .76 9 2+

· 12 yrs. 3 weeks 100 0 2+ 0 .14 .31 .45 . 67 1+

..Mean Values for 20 Patients 0.44' 0.397 0.815

VI
--J
~

I .. I(" ..... ~. I!"~ .""'m ",... i/" ,,",'< ..•.11, ,~ , I
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Table VII

";'-..... ---'~,..;"'""""'~~,..,,'~ ......

Relation between,C1inical Activity and Heparin Precipitable Fraction in Patients with

Rheumatoid Arthritis

Initials Age Treatment Duration Fever' Activd Joint HEF Fibrinogen HPF/ ESR CRP
Disease Gm.' Gm.% Fib•.

· 5 yrs. none' 5 weeks 101 1+ 0.73 0.66 LIO 91 3+

· 9 yrs. aspirin. 6~ years 101 3+ 0.52 .39 1.33 84 4+

· 50 yrs. 3+ 0.44 0.71 .62 113 4+

· 22'-71'8-;· hydrocortisone 3;t years 100 4+ 0.38 0.42 .90 104 3+

· 6 yrs. Na salicylate 3 years 104 4+ 0.33 0.64 .52 54 4+

· 45 yrs. none· 12 years 98 1+ 0.25 0.25 1.00 91 5+

· 14 yrs. none 3 weeks 100 1+ .24 .28 .86 39 -
· 31 yrs. ACTH 7 years 98 1+ .11 .27 .41 10 1+

Mean Values for 8 Patients 0.375 0.453 0.843

Table VIII

Heparin Precipitable Fraction Values in Patients with "Fibrinoid" Diseases

Initia..ls Age Fever Rash IE Cells Joints Jil:E.. Fibrinogen HPF/ ESB CRP
Gm.% ~

-Fib. - .~.

.64
.

~42 4+· 15 ;yrs. + + + + .32 .50 _.

· 12 yrs. 0 0 + + .16 .51 .32 123 4+

· 70 yrs. + 0 + + .08 .32 .24 96 1+

· 9 yrs. + + ,0 ... -+ .q4 .32 .11 103 2+

VI
-.:)
I\)
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Patients with active rheumatoid arth
ritis had similarly high levels of HPF,
corresponding roughly to the degree of
activity. Return to normal of these
values~marked periods of quiescence of
the disease or use of steroid therapy.
These data are summarized in Table VII.

Fibrinogen values were also elevated
in acute rheumatic fever, :as has been
reported by othe rs .19 It 1s of interest
that HPF equalled or exceeded the clot
table fibrinogen value in ~ of 20 pa
tients studied. In only 6 was the HPF
fibrinogen ratio under 0.40.

Four patients with "fibrinoid" dis
ease7 have also been studied serially.
(Table VIII) Three of these had clini
cal lupus erythematosus and the fourth,
J.S., generalized vascular disease
characterized histopathologically by
Widespread deposition of fibrinoid in
and around vessels of the kidney, heart,
liver, pancreas, lung, ani adrenal
gland. Histopathological studies of
this patient were presented previously
by Bronson and Gamble. 7 It will be seen
that these four patients had particular
ly low HPF values, and low HPF/fibrino
gerJ ratios, cons idering their h.igh
fever, skin rash, apd joint manifesta
tions. The last patient, J.S., showed
a rapid fall in HPF level to 0.01 Gm.%
terminally.

severely ill'patients with high fever
and pericarditis. Treatments of the
patients showing h:tgh HPFlevels wi til
salicylates or steroids resulted in a
rapid fall of the value to within the
normal range, paralleling or anticipat
ing reduction in fever,.joint manifesta
tions, or pericarditis. Values remained
low as long as treatment was successful
in suppressing the disease, but when in
adequate dosage was given, or when
therapy was stopped abruptly, the' values
usually rose again to higher levels.
Patients receiving no suppressive
therapy were found to have prolonged
elevation of HPF•. Recovery was re
flected in the HPF values obtained by
.return to with in the normal range.
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The data on patients with meningitis,
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Table X

HeEarin-Precipitable Fraction Values in Patients with Various Neoplastic Diseases

Initials Age I Type Tumor RTF _ Fibrinogen HPF/ ESR CRP- : Gin.% Gm.% - -Fib.

, 7 yrs. Hodgkins Disease, 0.83 0.67 1.24 74 4+
grade 4

7 mos. Massive cavernous .66 .35 1.88 49 -
hemangioma

7 yrs. Hodgkins Disease, .61 .52 1.17 106 3+
grade 4

I 54 yrs Care inoma of the lung .55 .58 .95 29 3+

I
with metastases

"
68 yrs Carcinoma of the lung .37 .30 , 1.23 22

I inoperable
,. I 10 yrs I.eukemia, acute .31 .32 .97 78 -

9 yrs. Leukemia, acute .29 .37 .18 40 1+
4 yrs. Wilms - metastatic' .23 .25 .92 26 -

1 13 yrs Myelogenous leukemia .19 .27 .70 22 +
7 JoTS. 4Ymphoma, dissemina- .18 .28 .64 40 ~

,. 0+

ted
8 mos. NeurobIas toma - me ta- .13 "'--- .41 42.JC -

static
28 yrs Lymphoma, disseminated .11 .29 .38 5 -
67 yrs Carc inoma 0 f the lung .13 .41 .33 46 1+ II operable
5 yrs. Lymphatic leukemia - .11 .14 .79 2 -

in remis's ion
, 65 yrs. Multiple myeloma .02 .34 .59 10 -

,,,...,_-~~~>ii'i~~~'"

'-...'1
~
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shown in Table IX, indicate that this
..severei-nflammatory disease is also
associated in its acute stages with high
HPF levels and high HPF/fibrinogen
ratios. As fever, central nervous
system signs, and spinal fluid findings
showed improvement under specific anti
biotic therapy, the high HPF values fe 11
quickly. However, in most patients
these values remained persistently above
the nonnal limits for up to three weeks
after apparent clinical recovery had
occurred. In two patients with per
sistently elevatea levels, D.O. and IoQ.,
subdural empyema and cerebritis, re
spectively, were demonstrated. The pa
tients with meningococcemia acoompanying
meningitis held special interest for the
authors, but did not show a pattern of
HPF response differiI8 from patients
similarly ill wi thQut bacteremia.

Patients haVing neoplastic diseases,
p30rticularly Hodgkins disease, had. in
many instances high HPF levels (Table X)
Wide dissemination of the disease was
apparently the single olinical correlate
of a high HPF level; no consistent cor
relation with tumor type was observed•
Nephrotic patients (Table XI) on the
other hand, wore found to have exception
al pat-terns of normal or only slightly
elevated HPF levels associated with high
fibrinogen values, thus a low ratio.
Elevated fibrinogen levels returned to
nonnal as diuresis occurred•

From these clinioal studies it seems
apparent that elevated HPF levels occur
in a wide variety of diseases in amount
roughly in proportion to the degree of
illness of the patient. High values
were generally associated with a cor
respondingly elevated fibrinogen level
and a..high HPF fibrinogen ratio. Ex
ception to this generalization was noted
in patients with diffuse vascular disease
and nephros is. Erythrocyte sedimenta';'
tion rates were almost invariably high
in patients with high HPF levels j how
ever, serial changes in these values
failed to show significant or regular
correlation with HPF. The ESR remained
elevated longer than HPF after recovery,
and returned to nonnal more slowly With
treatment. As has been well established,

\

\

\
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.Table XII

t
•,

fairly consistent ESR-fibrinogen corre
lation was observed. Of the acute phase
reactants studied, C-reaotiveprotein
level most nearly followed liPF ohanges
in the serial studies. These changed in
parallel in repid return to normal fol
lowing treatment or sIJOntaneous recovery,
and were equally sens iti ve to reappear
ance of activity in a disease state.

Relation of human HPF to fibrinogen 
In the experimental studies it was shown
that the heparin-precipitable fraction
appearing in rabbit pl~sma after endo
toxin injection was closely related to
fibrinogen. Similar, somewhat more ex
tensive investigations of the properties
of this substanoe in various patients
have been conducted. It has been found
that human HPF, like that obtained from
the experimental model, is not present
in serum or in unheparinized, oxalated,
or citrated plasma. However, on occas ion
oxalated plasmas from very acutely or
severely ill patients have been observed
which demonstrate cold-precipitation
similar to that with heparin, but in
much smaller quantity. This finding is
of interest in view of the studies on a
patient with carcinoma of the lung and
multiple thrombotic ~~isodes reported by
Korsh and Kratochil. These authors
demonstrated in the patients citrated
plasma a cold-insoluble protein similar
to fibrinogen in sedimentation constant
and electrophoretic mobility, which they
tenned "cryofibrinogen."

HPF from patients with several dis
eases has been studied by paper electro
phoresis and oompared with simultaneous
ly run heparinized serum and plasma.
Because of the tendency of RPF to became
less soluble at room temperature, all
runs were made at 37°C in a Spinco
(Model L) paper electrophoresis appara
tus. Most runs were .made .in pH 8.6
v:eronal buffer at 5 amps., 110 V, for 8
• 12 hours to avoid excessive diffusion
which occurred at the high temperature.
JIhese studies have shown that HPF mi
grates primarily as a single peale, para
lleling fibrinogen of heparinized plasma
and a partially purified heparinize~.

fibrinogen of human origin run simultane.
ously. Contamination of the twice.
washed precipitates with gamma and. beta
globulins was commonly observed, but not
in quanti tatively s ign±'ficant amounts.
Similar s·tudies of more purified HPF are
in progress.

Another indication that HPFand fib
rinogen are close ly related is the find
ing that both are partially clottable by
thrombin. Table XII .depictsthe results
of an experiment in which HPF from

three patients With different levels was
examined for clottability. An optimal
concentration of thrombin was added to
the HPF, and the resultant clots washed,
dried, and weighed as in the fibrinogen
procedure. The clottable material was
compared With the total HPF and the
percentage figure indicated in the table

Clottabili ty of Heparin-Precipitable Fraction.

Patient Initials Total HPF Clottable HPF* Percent
Gm.~__ Gm.% Clonttability

0.57 0.21 37

0.27 0.14 52

0.04 0.02 50

* For method see text.
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In addition to quantitative depletion
of fibrinogen during fibrinoid deposi
tion in the experimental animal, a
qualitative alteration of circulating
fibrinogen--cold preoipitation by hepar
in--has been observed. The preoipitable
material, designated HPF for convenience,
appears in the plasma of an:bDals given ....
endotoxin intravenously aftara one hour

obtained. It will be seen that 37-52%
of HPF from these three patients \-las
clottable.

These studies indicate strongly that
HPF from human plasma is closely related
to fibrinogen; indeed, at least 50% of
it is unequivocally, if this protein 1s
defined by its clottability. On the
other hand, a significant proportion of
HPF has the characteristics of fibrino
gen but is·non-clottable. This would be
predicted from the clinical studies which
showed, in a number of very ill pat ientis ,
HPF values exceeding.significantly the
values for clottable protein.' These
findings raise the question of a· correct
defini tion of fibrinogen; i.e., whether
it should be limited to clottable pro~

tein, or whether it should be defined
by.i ts other ·chara.cteristics including
electrophoretic :migration ,sedimentation
constant, double refraction of flow,.' .
isoelectric point, intrinsic viscosity,
or salt and alcohol-low temperature
precipitation charaoteristics.

Detailed studies of a non-clottable,
cold-insoluble globulin obtained from
Cohn plasma fraction I and shown to be
very closely related to fibrinogen, has
been reporte~',recEfntly by Edsall and
co-workers. 2 Preliminary studies in
our laboratory have -indicated that cold
precipitation of similarly prepared
bovine non-clottable fraction is con
siderably augmented by addition of he
parin, and that removal of the cold
insoluble fraction by the procedure of
Laki removes most heparin preoipitable
material. It seems possible, therefore,
that HPF, particularly in the acutely
ill patient, may be very 9+o~ely relate~

to this non-clotting fraction of fibrin
ogen.

Discussion

The experimental studies outlined in
this report show that fibrinogen disap
pears from the circulation of the endo
toxin-treated rabbit shortly after the
administration of a high molecular
weight, acidic polJ1Iller. '!his occurs
during a time when intravascular fib
rinoid is known to be deposited. Fib-

rinogen depletion was prevented by prior
injection of the rabbits with heparin.
These items of eVidence, considered with
the points cited previously, suggest 
strongly that'intravascular fibrinoid
deposits characteristic of the endo
toxin-polymer'analogue of the generalized
Shwart~n reaction consist in part of
fibrinogen or fibrin.

It has been recently observed in our
laboratories that "I,iquoid" combines .!!l
Vitro With fibrinogen and fibrin to
yield precipitates with the appearance
and S~ining characteristics of fibrin
oid. 2 This observation may provide an
explanation for the dilemma posed earlier
--that:lb spite of evidence that fibrin
oid should contain fibrinogen, it does
not have the staining reactions, and ap
pearance of this protein.

The evidence available seems to per
mit the tentative conclusion that fib
rinoid deposits in the experimental
animal have resulted from agglomeration
in vivo of pol~ner-fibrinogen precipi
tatea:- This eX9lanation fails to account
satisfactorily for the occurrence of
subintimal and perivascular collections
of fibrinoid observed oommonly in the
coronary arteries an% other vessels
during the reaction. A possiblemech
anism by whioh this might occur that
fibrinogen Dresent nonnally, in the tis
sue spaces2) is precipitated by polymer
in perivascular locations. It is,
perhaps, more plaus ible to account for
this localization of fibrinoid on a
basis of accellerated transudation of
plasma proteins thro~h endotoxin
damaged endothelium. 2 This would ex
plain the extravascular location either
of fibrinogen-polymer complexes, or of
fibrinogen SUB ceptfble to polJ1Iller
preoipitation.

..
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interval, reaohes a maximvm level in two
to three hours, and is gone in 80% of
animals after 24 hours. HPF did not
appear ij anticoagulant doses of heparin
were given prior to endotoxin injection.
Stu~ies of HPF'from the experimental
animal indicate that it consists mostly,
if not entirely, of fibrinogen.

No satisfaotory explanation of the
origin or role of HPF in the animal
model has been established. The co1d
insoluble, non~c1ottab1e globulin (frac
tion ~-1) was thought by Edsall, et a1,23
poss ib1y to represent a dimer of fibrino ..,
genmo1ecu1es. Demonstration that he
parin acce11erates cold-precipitation
of fraction 1-1 has sugcested its pos
sible relationship to the heparin-pre
cipitable fraction under study. HPF
might represent, then, a partially
polymerized form of fibrinogen. The
observation that its appearance follow
ing endoto~in administration is pre
vepted by prior treatment with heparin
then raises the pass !bilitYtbat such
partial polyme~1zation could occur as a
result of in vivo initiation of incom
plete c1otti.ng:-

There :la- a striking coinc,idence of
timing in the appearance of HPF in the
rabbit given endotoxin, and suscepti
bility of its fibrinogen to in vivo
depletion by polymers. It might be
postulated, therefore, that the same
alteration of fibrinogep resulting in
erulanced cold-precipitability by one
acidic polymer -- heparin -- also re
sults in increased precipitability in
vivo by polymers such as "Liquoid. II-By
this reasoning; heparin prevents in
!!y£ precillitation, as has been shown
in vitro,l( by successful competition
wi th the other polymers for a cOIIjbining
site on the altered fibrinoge~"molecule.

Whether heparin-precipitability signif
ies in this experimental circumstance a
general alteration of polymer-combin+og
properties of fibrinogen and is the form
of this protein representing the circu
lating precursor of fibrinoid is not as
yet es tablished.

Heparin-precipitation has been demon
strated also in the plasma of normal

humans and found in greatly increased
quantities in persons witO a variety of
diseases. As in the experimental s~tua

tion, HPF isolated from such patients
has been ~hown to consist mostly of
fibrinogen. Whether reasoning developed
from the experimental data is applicable
to HPF derived from hvman.patients is
not clear at this time. The possibility
that precipitation of f~brinogen or an
altered form of fibrinogen - HPF - by
naturally produced polymers may be re~

sponsible for fibrinoid deposits ob
served in certain.human diseases is
currently under ,study.,

'-,' :-.
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II. MEDICAL SCHOOL NEWS

April 26

April 27

April 28

May 9 - 14
May 10

May 16 - 21

gaming Ev~nts

Minnesota Pathologica.l Society Meeting; "Anginoid Chest Pain. An
Inquiry into the Causes of Pain in the Left Chest;" Dr. Asher A.
White; Owre Amphitheater; 8:00 p.m.

Special Lecture; "Medical and Surgical Implications of Liver Regen
eration;" Dr. L. Schalm, Director, Municipal Hospital, Arohem,
Holland; Todd Amphitheater, University Hospitals; 12:45 p.m.

Phi Delta Epsilon Lectureship; "Newer Concepts in Psychosomatic
Disease;" Dr. Adelaide M. Johnson, Professor of Psychiatry, Mayo
Foundation, Rochester, Minnesota; Mayo Memorial Auditorium;
8:15 p.m.

Continuation Course in Electrocardiography for General Physicians
Duluth Clinic Lectureship; ItThe Relationship of Achylia Gastrica to

Pernicious Anemiaj" Dr. William B. Castle, Professor of Medicine,
Harvard University Medical School, Boston; Mayo Memorial Audi
torium; 8:15 p.m.

Continuation Course in Proctology for General Physicians

* * *
Continuation Course

The Ubiversity of Minnesota announces a continuation course, An Introduction to
Electrocardiography, which will be held at theC~nt.er for Continuation Study from
May 9 to 13, 1955. As its name implies, this year's course is intended only ror
those with very little or no previous experience in electrocardiographic interpre
tation. The first morning will be devoted to the consideration of introductory
material. During the remainder of the week, instruction will be tutorial ~n type.
Registrants, meeting in small groups with individual instructors, will have an
opportunity to interpret more than 200 tracings during the course. The instructors
will supervise the interpretation and will discuss in informal fashion the various
electrocardiographic abnormalities. Faculty for the course will include DQctors
Arthur C•. -Kerkhof, Alan P. Rusterholz, Ben Somners, and Paul'Winchell.

* * *
SEecial Lectures Held

Dr. Michael E. DeBakey, Professor of Surgery, Baylor Univers ity, Houston, Texas,
presented the Annual George E., Fahr Lecture on Thursday even ing, April 14, in the
Mayo Auditorium. A large and interested audience heard Dr. DeBakey speak on "Surgi
cal Management of Aortic Disease. "

The Annual Clarence M. Jackson Lecture was presented by Dr. Leslie N. Gay,
Associate Professor of Medicine, Johns Hopkins University, Baltimore, Maryland, on
Tuesday, April 19. Dr. Gay's talk, itA History of the Treatment of Bronchial Asthma,"
was well received by an enthusiastic audience.

* * *
Dr. Keys Receives Award

Dr. Ancel Keys, Professor and Director, Laboratory of Physiological Hygiene,

1
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has been named recipient of one of the Minneapolis Awards, an award made annually by
the Minneapolis Chamber of Commerce. Dr. Keys was recognized for his pj.oneering
research in the field of human nutrition.

* * *
Faculty News

The Division of Anesthesiology was represented at the Biennial Western Confer
ence OD Anesthesiology, held in San Francisco on March 21-23, by Doctors Frederick
H. Van Bergen and James H. Matthews. Dr. 'Van Bergen served as moderator for a panel
on the subject of "Problems in Anesthesia for SUrgery on the Ductless Glands", and
delivered an address entitled, "'!he Effeoijs and Use of Chlorpromazene in Anesthesia."

Dr. Ivan D. Frantz, George S. Clark Research Professor of Medicine, attended the
recent meeting of the Federation of American Societies for Experimental Biology which
was held in San Francisco from April 11 to 15.

* * *
;publications of the Medical School Faculty

Garabedian, G. A. and Syverton, J. T.: Studies on Herpes Simplex Virus. I. An
Antigenic Analysis of Four Strains of Virus Iso~ted From a Human Subject.
J. Inf. Dis., 96: 1, 1955.

Garabedian, G. A. and Syverton, J. T.: Studies on Herpes Simplex Virus. II. An
Affinity in Vitro of Herpes Virus for Rabbit Microphages and Macrophages.
J. Inf. DIS.~ 5, 1955.

Koella, W. P. and Ballin, H. M.: The Influence of Envirornnental and Body Tempera
ture on the Electroencephalogram in the Anesthetized Cat. Archives Interna
tionales De Physio log ie, IXII: 369, 1954.

Koella, W. P. and Ballin, H. M.: The Influence of Temperature Changes on the
Electrocortical Responses to Acoustio and Nociceptive Stimuli in the Cat.
EEG Clin. Neurophysiol., 6:629, 1954.

Koelle, W. P. and Gellhorn, E.: The Influence of Diencephalic Les ions Upon the
Action of Nociceptive Impulses and Hypercapnia on the Electrical Activity of
the Cat's Brain. J. Compo Neurol., 100: 243, 1954.

Koella, W. P., Ballin, H. M., and Gellhorn, E.: The Influence of Hypothalamic
Stimulation on Evoked Cortical Potentials. The J. Psychology, 39: 77, 1955.

Koella, W. P., Gellhorn, E., and Ballin, H. M.: Interaction on Cerebral Cortex of
Acoustic or Optic with Nociceptive Impulses: The Problem of Consciousness.
J. Neurophys iology, 17: 14, 1954.

Malmstrom, B. G. and Bliok, David: Studies in Histochemistry. XXXVI. Determina
tion of Millimicrogram Quantities of Coenzyme A and its Distribution in the
Rat Adrenal. J. Biol. Chern., 211: 677, 1954.

Nayyar, Som N. and Blick, David: The Quantitative Histochemical Distribution of
B-Glucuronidase in the Adrenal of Various Species and the Influence of Stress
Conditions, Hormonal Treatments and Hypophysectomy. Endocrin., 56: 67, 1955.

\.



III. UNIVERSITY OF MINNESOTA W.IDlCAL SCHOOL
WEEKLY CAtENbAtfOF- EVENTS

Physicians Welcome
.:

April 25 - 30.!, 1955

9:00 - 9:50

1 9:00 - 10:50
t
j

It 10:00 - 12 :00
t
']

1 11:30 -i
'!
j.

11:30 12:30I -
!,

12 :15t -
t 12 :30 -I
t., 1:00 - 2 :00
w

It
r 1:30 2 :30I
.~,

1:30 - 3 :30

4:00 - 6:00

Monda;, April 25

Medical School and University Hospitals

Roentgenology-Medicine Conference; L. G. Rigler, C. J. Watson and
Staff; Todd Amphitheater, U. H.

Obstetrics and Gynecology Conference; J. L. McKelvey and Staff; W-612,
U. H.

Neurology Rounds; A. B. Baker and Staff; Station 50, U. H.

Tumor Conference; Doctors Hitchcock, Zimmermann, and Stenstrom; TOdd
Amphitheater, U. H.

Physical Medicine and Rehabilitation Staff Seminar; Evaluation of
Range of Motion of the Hip; Martin Mundale; Heart Hospital Theater.

Obstetrics and Gynecology Journal Club; Staff Dining Room, U. H.

Fhys iology Seminar; Studies of the Arterial Wall in Experimental
Hypertension; Louis Tobian; 214 Millard Hall.

Roentgenology-Surgical-Pathological Conference; Paul Lober and L. G.
Rigler; Todd Amphitheater, U. H.

Pediatric-Neurological Rounds; R. Jensen, A. B. Baker, and Staff; U. H.

Dermatology Hospital Rounds; H. E. Michelson and Staff; Dermatology
Histopathology Room, C-394, Mayo Memorial.

Anesthesiology Conference; F. H. Van Bergen and Staff; Todd Amphi
theater, U. H.

4:30 - Public Health Seminar; Polio, Is It Conquered? Gaylord W. Anderson;
100 Mayo Memorial.

4:30 - Pediatric-Medicine Infectious Disease Rounds; Station 33, U. H.

5:00 - 6:00 Drology-Roentgenology Conference; C. D. Creevy, O. J. Baggenstoss,
and Staff; Eustis Amphitheater.

Ancker Hospital

8 :00 - 9:00

8:30 10:30

9 :30 12 :00

10:00 12 :00

11:00 - J2 :00

12 :30 - 2 :30

Pediatric Contagion Rounds; Richard Lein; Contagion 5.

Medical and Surgical Chest Conference; Dr. Gahlen and Staff;
Auditorium.

Visiting Staff Rounds.

Surgery Grand Rounds; Begin Floor E4.

Pediatric Rounds; Harry Orme; Contagioril.

Surgery Out-Patient Clinic; Room 8.
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Monday, Apr1125, (Cont. )
...•- 1'..""

Ancker Hospital (Cont.)

2:00. 3:00 Routine EKG Interpretation;
Record Library.

Dr. :Sorinrlers, and House Staff; Medical

2:30 - 3:00 Discussion of Problem Case; Auditorium.

3:00. 4:00 Surgery Journal Club;' Class.ro~p1,

3:00. 4:00 Lectures on Electrocardiography; Ben Sammers; Auditorium.'

4:00. 5:00 Medical Clerk JournalClubj Auditorium.

Minneapolis General Hospital

10:30 - 12 :00 Medicine Rounds; 'Ihomas !J:!wry and Staff; Station 11.

10:30 - Orthopedic and Fracture Bounds; Drs. John Moe and O. J. Campbell;
Station 20.

11:00 - Pediatric Case Discussions; Erling Flatou; Station 8.

12:30 • Surgery Grand Rounds; O. J. Campbell, Station 21.

1:30. 2:30 Tuberculosis Conference; J. A. Myers; Station 8.

2 :00 • Pediatric Rounds; William Krivitj Stations 4, 5, &6.

Veterans Administration Hospital

9 :30 

1:30 •

Infectious Disease Rounds j Drs. Hall, Zinnemann, and Doe.

Cardiac Conference; Drs. 8mith, J. Brown, Helseth, Simonson,and
Farquhar; Conference Room, Bldg. I; Rounds :1mmediate.+y follOWing
conference.

Pediatric Rounds on Wards; John A.Anderson' and Staff; U. H.

Physiology-Surgery Conference; Todd Amphitheater, U. H.

Clinical.Medical.Pathological Conference; 'Todd Amph1theater, U. H. "

12 :30 - 1:30

12:30

3 :30 •

3 :30 •

4:00 - 5:00

4:00 - 5:00

4 :30 - 5 :30

Tuesday, April 26

Medical School~ University Hospitals

9:00. 9:50 Roentgenology.Pediatric Conference; Samuel Feinberg, John A. Anderson
and Staffs, Eustis Amphitheater, U. H.

12:30. 1:20 Pathology Conference; Autopsies; J. R. Dawson and Staff; 104 Jackson,
Hall.

Physiological Chemistry Seminar; Determination of Inulin and Evans
Blue in Tissue; Donald. Clausen; 214 Millard Hall.

Anatomy Seminar; Concepts of the Golgi Apparatus; 226 Jackson Hall.

General Phys 10l08Y Seminar; 323 Zoo logy Building.

Pediatric Seminar; Subject to be announced; Richard B. Raile; 1450
Mayo Memorial.



~sday, April 26 (Cont.)

Medical School~ ~~ty Hospitals (Cont.)

5:00 - 6:00 X-ray Conference; Presentation of Cases by Veterans Hospital Staff;
Eustis Amphitheater, U. H.

*8:00 p.m. Minnesot'a Pathological Soc:1.ety Meeting; "Anginoid Chest Pain. An
Inquiry into the Causes of Pain in the Left Chest; II Dr. Asher White;
Owre Amphitheater.

Ancker Hospital

8:00 - 9:00 Pediatric Rounds; Dale Cumming; Contagion 1.

9:00 - 10:30 Visiting Staff Rounqs.

9:00 - 12:00 Practical Diagnostic Clinic; Harry Orme; Out-Patient Department.

11:00 -12:00 Medical X-ray Conference; J. R. Aurelius; Auditorium.

2:30 - 4:00 Routine EKG Interpretations; Resident Staff.

4:00 - 5:00 Medical-Pathological Conference; W. F. Mazzitello, Auditorium.

Minneapolis General Hospital

9 :30 

10:00 

10:00 

11:30 

12 :30 -

1:00 -

Veterans

7 :30 

8:30 -

8 :30 

9 :30 -

10:30

1:00 -

2 :00 -

2 :00 -

4:00 

5:00

5:30 -

Pediatric Rounds; Elizabeth Lowry and A. Bridge; Station 5.
Cardiac Rounds; Paul F. Dwan; Classroom, Station 4.
Psychiatry Grand Rounds; R. W. Anderson, Station 3.

12 :30 .. Neurology-Neurosurgery Conference; Classroom, Station 8.

2 :30 Dermatology Rounds on Clinic; Carl W. laymon and staff.

Tumor Clinic; Drs. Eder, Coe, and Lipschultz; Classroom.
J

Administration Hospital

Anesthesiology Conference; Surgical Confer;ence Room, Bldg. 43.

Hematology Rounds; Drs:. }:lagen .a~d 1-1exler•. ·

Surgery Journal Club; Confere:qce Room, Bldg. I.

Surgery-Pathology Conference; Conference Room, Bldg. I.

Surger,y-Tumor Conference D. Ferguson and J. Jorgens.

Review of Non-TBC Chest Pathology Conference; ·E. T. Bell; Conference
Room, Bldg. I.

Combined Medical-Surgical Chest Conference; Conference Room, Bldg. I.

2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staff;
Bldg. III.

Thoracic Surgical Problems; Conference Room, Bldg. I.

Fluid Balance Conference; Conference Room, Bldg. I.
, '

Physiology Seminar; Surgical Conference Room, Bldg. 43.



5:00 - 6:00

5:00 - 5:50

5 :30 - 7:30

7 :30 - 9 :30
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Wednesday, April 27

Medical School and University ~Eitals

11:00 - 12:00 Pathology-Med1cine-Surgery-Pediatrics Conference; Todd AmPhitheater,
U. H.

12 :30 - 1:30 Radioisotope Seminar; Francis Spurrell; Betatron Room in Cobalt Under
ground Section, U. H.

*12 :45 p.m. Special Lecture; "Medical and Surgical Implications of Liver Regenera
tion;" Dr. L. Schalm, Director, Municipal Hospital, Arnhem, Holland;
Todd Amphitheater, U. H. . .

1:00 - 2:00 Dermatology Clinical Seminar; F. W. Lynch; 300 North Clinic.

1:30 - 3:00 Pediatrics Allergy Clinio; Albert V. Stoesser and LloYd Nelson;
\{ -211, U. H.

3 :30 - 4 :30 Dermatology-Pharmacology Seminar; 3m Floor Conference Room, Heart
Hospi tal. .

4:30 - 5:50 Dermatology-Infectious Disease Seminar; 3rd Floor, Conference Room,
Heart Hos pital. .

Radiology Residents' Lecture; Orthopedics; Kenath Sponsel; Todd
Amphitheater, U. H.

urologioal-Pathological Conference; C. D. Creevy and Staff; A503, Mayo
Memorial.

Dermatology Journal Club and Discussion Group; Hospital Dining Room.

Dermatology Seminar; Review of Interesting Slides of the Week; Robert
W. Goltz; Todd Amphitheater, U. H.

Ancker Hospital

8:30 - 9:30 Clinico-Pathological Conference; J. Noble; Auditorium.

11:00 

11:00

3 :30 -

12 :00

12 :00

4:30

Pediatric and Contagion Rounds; Harry Orme; Contagion 1.

Medicine Resident Rounds; W. F. Mazzitello.

Pediatrio Surgery Conference; Harry Orme; Auditorium.

Minneapolis General Hospital

8:30 - 9:30

10:30 - 12 :00

11:00 -

12 :30 -

Obstetrical and Gynecological Grand Rounds; William 1'. Sadler and
Staff; Station 30.'

Medicine Rounds; Thomas Lowry and Staff; Station 3l.

Pediatric Rounds; Erling Flatou and Richard Raile; Station 6.

Pediatrics Staff Meeting; Classroom, Station 4.

8:30 - 12:00

9:00 -

Veterans Administration HosFital

8:30 - 10:00 Orthopedio X-ray Conference; E. T. Evans and Staff; Surgical Conference
Room, Bldg. 43.

Neurology Rehabilitation and Case Conference; A. B. Baker.

Gastro-Intestinal Rounds; Drs. Wilson, Zieve, Ferguson, Brake1,
Vennes, Nesbitt and Sadoff.

\
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Wednesday, April 27 (Con~.)

Veterans Administration Bospital (Cont.)

10:30 

12 :30

12 :30

1:30

3:30

7:00 -

Psychosomatic Conference; C. K. Aldrich; 7th Floor, Bldg. 43.

Medical Journal Club; Doctors' Dining Room.

X-ray Conference; J. Jorgens; Conference, Bldg. I.

3:00 Metabolic Disease Conference; Drs. Flink and ~hapiro.

Urology Pathology Slide Conference; Dr. Gleason; Conference Room,
Bldg. Ie

Lectures in Bas io Science of Orthopedics; Conference Room, Bldg. I!

11:00 - 12 :00

12 :30 - 1:55

12 :30 - 1:30

1:30 - 4:00

4:00 - 5:00

5:00 -, 6:00

Minneapolis General Bospital

8:00 - 9:00

9:00 - 10:00

9 :30 - 10:30,,
t 11:00 - 12 :00
'J
,!
'I 11:00 12 :00,~ -
r 2:00 3:00! -

9 :30 

10:00 -

Neurology Rounds; Heinz Bruhl; Station 4.
Psychiatry Grand Rounds j R. W. Anderson and Staff; Station 3.

[

I
I
I
r
J
t
l

f
I
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'Ihurs,dal, April 28 (C~nt.,)

Minneapolis General Hospital (Cont.)

11:30 - 12 :30 Clinical Pathological Conference j ,John I. eo's j Classroom.

12 =30 - 2 :30 Dermatology Rounds and Clinic; Carl W. La3IDOn and Staff.

1:00 - Fracture X..;ray Conference; ·Drs ... Campbell and Moe; Classroom.

Veterans Administration Hospital

8:00

8:30

9 :00 

9 :00 -

11:00 

1:00 -

4:-00 '- 5 :00

Experimental Surgery Laboratory Meeting; Confere,nce Room, Bldg. 1.

Hematology Rounds; Drs. Hagen and Duryea.

Surgery Grand Rounds,; ConfereDoe Room, Bldg. I.

Surgery Ward Rounds; D. Ferguson and Staff; Ward. 11.

Surgery-Roentgen Conference; J. Jorgens; Conference Room, Bldg. I.,

Infectious Disease Conference; Conference Room, Bldg. I. (Rounds
~ediately following conference).

Seminar on Radioisotopes 'in Medicine; Methods and Principles of .
Badiation Measurement; Conference lbom, Bldg. I.

Friday, April 29.

2 :30 - 4:00

3:00 - 4:00

3 :30 - 4:30

4:00 - 5:30

Medical School and yniversity Hospitals

8:00 - 10:00 Neurology Grand Rounds;' A. B. Baker a.nd Staff; Station 50, U. H.

9:00 - 9:50 MediCine Grand Rounds; C. J. Watson and Staff; Todd Amphitheater, U;H.

10:30 - 11:50 Medicine Rounds; C. J. Watson and Staff; Todd Am~hitheater, :U. H.
11:00 - 12 :00 Vascular Rounds; Davitt Felder and Staff Members from the Departments

of Medicine, Surgery, physical Medicine, and Dermatology;, ~st1s
Amphitheater, U. H.

11 :45 - 12 :50 University of Minnesota Hospitals Medical Staff Meeting; Forty, Yeare
of Social Service at University Hospitals 1915-1955; Annie Laurie
Baker; Powell Hall Amphitheater.

1:00 - 2 :50 Neurosurgery-Roentgenology Conference; W. T. Peyton, Harold O. Peterson \,
and Staff; Todd Amphitheater, U. H.

1:00 - 2 :00 Physiology Seminar 212; Selected Topics' in Respiration: Respiratory'
and Circulatory Effeots of Hypothermia; E., B. Brown; 214 Millard Hall•.

1:30 - 2 :30 Dematology Grand Rounds,; Presentation of Cases from Grouped Hospit~ls

(University, Ancker, General and Veterans) and Private Offices; H. E. \
Michelson and Staff'; Eustis Amphitheater, U. H.

Dermatology Hospital Rounds; H. E. Michelson and Staff; Begin at
Dermatologlcal Histopathology Room, C-394 Mayo Memorial.

Neuropathological Conference; F. Tichy; Todd Amphitheater, U. H.

Dermatology-Physiology Seminar; 3rd. Floor Conference Room, Heart
Hospi tal.

'....
Chest X-ray Conference; Chest Staff and Charles Nice; Todd Amphitheater,
U. H.
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Friday, April 29 (Cont.)

Medical .§.chool and University Hospitals (COIit,.)

4:30 - 5:20 Ophthalmology "lard Rounds; ErlIng W. Hanson and Staff; E-534, U. H.

5 :00 - Urolog~cal Seminar and X-ray Conference; A~503, Mayo Memorial.

Ancker Hospital

8:00 - 9:00 Pediatric Rounds; Charles Steinberg; Contagion 1.

10:30 - 11:30 Pediatric Contagion Rounds; Richard Smith; Contagion 1.

11:00 12:00 Contagion'Rounds; Harry Orms; Contagion 5.
, ,

2:00 3:00 Routine EKG Interpretation; Res:1d.ent Staff.

3:00 - 4:00 Medical-Surgical-Pathological Conference; Auditorium.

4 :00 - 5: 00 Medical Journal Cfub; CC?nf~rence,Room, E5.

4:00 - 5:00 X-ray Surgery CQnferencerAuditorium.

Minneapolis General Hospital '

10:00 ;.

10:30 -

12 :00 -

Otolaryngology Conference; Robert A,. Priest, large Classroom.

Pedia tric Surgical Conference; Tague ChishoJIn and B. Spencer; Class
room, Station 4.

Surgery-Pathology Conference; Drs .'"Campbell and Coe; Classroom.

1:00 - 2:00 ECG Conference: Boyd Thomes and Staff; Classroom, Stat:l.on 4.

2:00 - 4:00 Clinical-Medical Conference; Thomas Lowry; Classroom, Station 8.

Veterans Administration Hospital

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

11:00 - 12 :30

12 :30 

1:00 

2 :00 -

Psychiatry Case Conference; Werner Simon; Psychiatry Department, VA
Hospital Annex.

Urology X-ray Conference; X-ray Department.

Autopsy Conference; E. T. Bell; Conference Room, Bldg. r.
Chest Pathology Follow-Up Conference; E. T. Bell; Conference Room,
Bldg. I.

Saturday, April 30

Medical School ~ University Hospitals

7:45 - 8:50 Orthopedic X-ray Conference; W. H. Cole and Staff; M-l09, U. H.

9:00 - 9:30 Pediatric Grand Rounds; Eustis Amphitheater, U. H.

9:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; Heart Hospital Amphi
theater.

9: 15 - 10:00 Surgery-Roentgenology Conference; Alexand,er R. Margulis, Owen H.
"Wangensteen and Staff; Todd Amphitheat~r, U. H.

10:00 - 11:30 Sursery Conference; Todd Amphitheater, U. H.
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Saturday, April 30 (Cont.)

liedica1 Schoo1~ Universitl Hospitals (Cont.)

10:00 - 12:50 Obstetrics and Gynecology Rounds; J. L. McKelvey and Staff; Station
44, U. H.

10:00 - 12:00 Otolaryngology Seminar on Current Literature; L. R. Boies and Staff;
Todd Memorial Room, A-675 Mayo Memorial.

Ancker Hospital

8:30 - 9:30 Surgery Conference; Auditorium.

9:30 - 11:00 Medicine Grand Ward Rounds; W. F. Maz~ite110.

11:00 - 12 :00 Medical Clerk Case Confere~~e; W. F •. Mazzite11o.

Minneapolis General Hospital

8:00 

9:00 -

9:30 -

11:00 -

Urology Staff Conference; T. H. Sweetser; Ma.in Classroom.

Psychiatry Grand lbunds; R. W. Anderson; Station 3.

Pediatrics Rounds on all Stations; R. B. Baile.

12 :00 Medical X-ray Conference; O. Lipschultz, Thomas Lowry and Staff; Main
Classroom. .

Veterans Administration Hospital

8:00 

8:30 -

Proctology Rounds; W. C. Bernstein and Staff; Bldg. III.

Medical X-ray Conference; Conference Room, Bldg. I .•

'\

* Indicates spec:1a1 meeting.
same time on the same day.
conference B •

All other meetings occur regularly each week at the
Meeting place may vary from week to week for some


