Staff Meeting Bulletin
Hospitals of the » » »
University of Minnesota

Sulfanilamide and
Sulfapyridine Therapy

Volume XI Friday, October 27, 1939 Number 4




gy

S R

iy R

STAFF MEETING BULLETIN
HOSPITALS OF THE . . .
UNIVERSITY OF MINNESOTA

Volume XI Friday, October 27, 1939 Number L
INDEX
PAGE
I. LAST WE:EK . . . . . . . . . . . . . » . . . . . . . . . . )'1'7
ITe MOVIE 4 v v v v v o v v o o o v o o e o o e e e e e e w L7
III. ANNOUNCEMENTS
1., WEDDINGS v & o o « o v v o o o s o o « o o o o o o s L
2- BABIES . . . . . . . . . . . . . . . . L] [ . . ] . . )'|'7
3. WARNER F. BOWERS, M.D.,Ph.D., and
JOHN C. KENNEDYs; M.Dy v o o » o v s v o o & u7
)4'- RAY F. COCHIL‘\IVE) M.Do . ® . . . o e . . » . . . e . o 1‘;‘7
IV. SULFANILAMIDE AND SULFAPYRIDINE THERAPY + v v « o « o «
. « Edmund B. Flink and Wesley W. Spink . . . . . . 48 - 65
Vo GOSSIP v v v v vttt v e e e e e e e e e e e e e e 66

Published for the General Staff Meeting each week
during the school year, October to May, inclusive.

Financed by the Citizens Aid Society

Willi&m An O'Brien’ MoDo




G o g gy

RS

N

I. 1AST WEEK
Date: October 20, 1939
Place: Recreation Room
Powell Hall
Time: 12:15 to 1:30 P.M.
Program: Movie: "Great Heart"
Otogenic Meningitis
Jerome A. Hilger
Eric H. Loenholdt
R. E., Priest
Emmet W. Milhaupt
Discussion
J. A, Hilger
J. C., McKinley
T. E. Carmody
Horace Newhart
L. R. Boies
Movie: "Mastoidectomy"
L. R. Boiles
Present: 146
Gertrude Gunn
Record Librarian
II. MOVIE
Title: "Life Begins Again"
Relcased by: Bell Telcphone Co.
III. AKNOUNCEMENTS
1. WEDDINGS

Elecanor Mary Smith and

Clarence Dennis (Surgery) -
June 17, 1939,

Evelyn Shaffer (Social Ser-

vice) and John Dexter Lyon -
June 24, 1939,

b7

Ruth Moulton (Psychiatric Social
Service) and Dr. William Andberg
(University Farm) - July, 1939.

Kathryn Buntin and Richard Jessup
(Iowa) - dfugust 19, 1939.

Adrienne Odlaug (Radiology) and
Clayton Mullen - September 9, 1939.

2. BABIES

Carl Durant Craft is recciving
callers on Station 54. He arrived
on October 24,

3. W.LRNER F. BOWERS, M.,D.,Ph.D.Surg.
and
JOHN C. KENNEDY, M.D.

Announce their Association for the Con-

tlnuance of the Practice of the late

Dr. C. R. Kcnnedy
Practice limited to Gencral Surgery
Offices: 620 Omaha Loan and Building
Assocliation Bullding

Omaha, Nebraska

Phone Atlantic 6290

L. RAY F. COCHRANE, M,D,

The Doctors of
The NICOLLET CLINIC
Minneapolis
Announce the Association of

TR. RAY F. COCHRANE

Obgtetrics and
Discagcs of Women

July 1, 1939




IV, SULFANILAMIDE AND

SULFAPYRIDINE THERAPY

Edmund B, Flink
Wesley W. Spink

The purpose of this review ig to sum-
marize our clinical experience with
sulfanilamide and sulfapyridine at the
University of Minnesote Hospitals during
the past two years., No attempt will be
made to present a comprehensive review
of the voluminous literature on this sub-
Ject. For those interested, we have
eppended a list of the more important
monographs and pavers.

At the present time, there are thics
sulfonamide compounds uged in the trzat-
ment of infectious discases. Besides
sulfanilamide and sulfapyridine, there ig
neoprontosil, which is a trade name for
a more complex compound. We have had
1little experience with the latter drug.
There is no reason to believe that it has
any advanvagce over sulfanilesmide., A
better understanding of the action of
these druge is dependent upon knowledge
of their chemical structure, and some of
the changes they undergo in the body.

Sulfanilamide has the following struc-
tural formula:

er

SOLNH,

In the body, the drug undergoes chanzes.
Varying proportions (usually 10%) are

conjugated, probably in the liver, to form

acetylated sulfanilamide.
NHCOCH5

SO,NH,

This conjugated product is inactive
azainst organlsms, and is excroted in tiwe
urine. The remainder of the compound is
probably oxidized.

L8

Sulfapyridine has the following
formula:

NH,

\

S0 NH <:h&—->

This compound is also conjugated iIn
the body to form

NHCOCH

/\

Many individuals conjugate large amounts
£ the absorbed drug (up tc 80%) which
not only is inactive, but may ve pre-
cipitated in the uwrinary tract. The
remainder of the drug is probably oxi-

dized to form a more active compound or
compounds .

Neoprontoesil has the following
structurc:

NHCOCH;
[:/J NaS05 S0xNa

Sopni,,

This compound is inactive against bac-
teria, and in the body it is reduced to
form two compounds, one of which is free

gulfanilamide.
H2N NHCOCH
NaSO SO,Na

ITH,
It is believed that action of neopronto-
31l on bacteria is dependent upon the
Tormation of fres sulfanilamide, and
hence has no advantage over sulienila-
mide,

SOQNH2
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SULFANIIAMIDE THERAPY

During the past two years, obssrva-
tions have been made on 120 patients re-
ceiving sulfanilamide. Most of these
vatlents vere treated on the medical ser-
vice, but cases from every service in the
hospital are represented in this group.

Dose of sulfanilamide:

It is difficult to draw hard and fast
rules. Ouvr main objective has been to
maintain & blood level of free sulianila-
mide between 5 and 10 mgs., and in some
instances 15 mgs. per 100 c.c. excont
for patients with urinary trect infec-
tions. The optimum blood level for tiw
various types of bacterial infections must
gtill be worked out.

Sulfanilamide 1s administercd oiticr
orally in % grain tablet form, or sub-
cutancously with the purified powder
digsolved in warm saline. The drug nced
not be, and should not be, zgiven intra-
venously. Only rarely have the gulranila-
mide crystals been placed dircctly in
open wounds. Sodium bicarbonate has been
administercd to patients receiving sul-
fanilamide to prevent acidosis.

The oral administration for adults
has been as ioliows: 3.6 grems (60 grs.)
to 4.8 grams (80 grs.) were given for
the 1nitial dose, and then 0.6 grams
(10 grs.) to 1.2 grams (20 grs.) cvery
i hours night and day. Devcnding upon
the clinical rcsponse, the dese has been
gradually roauced, until the drug was
given only in small amounts duringz the
day. In some instences, larger doses
have bcen necessary because of poor ab-
gorption and low sulfanilamide blood
levcls., On occasicon, the tablets have
becn crushcd, suspended in water, and
given through a nasal tube. The fluid
intake has been limited to about 2000 c¢.c.
e day. Aboul 10 grains of sode bicarhon-
ate were glven with each dose of sul-
fanilamide.

Sulfanilamide

A. By mouth (for Children)

1. Usuel dose is 0,1 gn. per kg.

49
(gr. 3/4% ver 1b.) per 2k hr.

2. The dose for the first day,
egspecially as an heroic
measure,; may be 2 to 2.5 time:
this amount.

B. Subcutaneous (for Children)

1. 0.8% sulfanilamide crvstals
in saline, amount given
calculated as above. Given
in divided doses every 8 to
12 hours.

C. n urinary tract infechione
for Children)
1. 0.05 gm. per kg. (sr. 3/8 per
1b.) per day is vsuelly all
that 1s necessary.

Subcutaneous administration for adults

Sulfarilamide has been dissolved in
hot physiologiczal saline solution so
that a final concentration of 0,8% of
sulfanilemide has been obtained. A 1/6
molar solutlion of sodium lactate may be
ugsed as a solvent which will aid in the
prevention of acldosis. We have found
this to be an important precaution when
treating diabetic patients who have
an acidosis. In the initial porenteral
injection from 4 to 8 grams have been
given in 500 to 1000 c.c. of saline.
Then every 8 hours thereafter, 1/3 of
the calculated 24 hour dose has been
given (usually 250 c.c. of an 0.8%
sulfanilemide solution).

Correspondingly smaller doses are
given to children on the basis of the
calculated oral dosage.

As goon as sulfanilamide therapy has
been instituted, it is necessary to
watch for the appearance of toxic mani-
festations, and also know what level of
the drug In the blood has been attained.
In this connection, we have carried out,
and recommend the Tollowing procedures:

1. Blood sulfanilamide determination
at the end of the first 24 hours
of therapy, and then one every
other day during the acute stage

© s
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of the illness. As the dose is
being reduced, and the patient
improves, such determinations ar
not neccssary.

2. Hemocylobin determinations and
levkocyte counts should be done
at least every other day as long
as the patient recelves the drug,
and for several days thereaiter.
If the leukocyte drops below nor-
mal, daily differential and leuko-
cyte counts should be done.

3. Measure the daily intake and ocut-
put of fluids.

4, Toxic manifestations, and indica-
tions for stopping the administra-

tion o the drug will be discussed

later.
Dose for urinary tract infections:

The recommended dose varies consider-
ably. Fluids should be limitcd so that
the daily output is about 1000 c.¢. This
allows a higher concentration of the
drug in the urine., In some instances,
as little as 20 grains a day in divided
doses; has produced a favorable response.
In most cases, we have given 3 to 5 grams
a day in divided doscs. The drug need

not be given during the night. I a
favorable clinical response is to be
obtained it takes place within 4 to 5
days after therapy has bcen started.
Failures in obtaining sterile urinc cul-
turcs have been due to: the prescncce of
orgenisms that regist the action of the
drug; inadequate concentrations of the
drug in the urine; obstruction along
the urinary tract. Poor ronal Function
has not been a contraindication for the
administration of sulfanilamidc, but

it must be given very cautiously in
emell doses.

RESULTS OF SULFANILAMIDE THERAFY

1. Hemolytic streptococcusg infecctions:

A. Bactercmila
T Beta hemolytic streptococcal
infoctions will be considered
first., Tablc I shows the re-
gultes with patients having a
bacteremia. The accepted mor-
tality rate for this type of
infoction before the introduc-
tion of sulfanilamide was ap-
proximately 70%. The mortality
rate in our group treated with
sulfanilamide is 36.3%.




TABLE T

Eleven Caseg of Hemolytic Streptococcus Bacteremia

Treated with Sulfanilamide.

Age Sex Complication Total Dosc | Outcome
(In Grams)
56 M Wound Infection 12 Death
35 M Pneumonia, Arthritis,
Nephritis, Cellulitis 25 Recovery
5 Wks. M Pneumonia 13 Death
35 M Cellulitis, Thrombophlebitis 27.5 |Recovery
54 F Pneumonia 11 Death
LI F Empyema, Ca., of Cervix 36 Recovery
50 M Gangrene of Leg 2k Death
27 T Wound Infection. [frthritis 56 Recovery
17 F Pneumonia > Recovery
53 M Gangrene of Leg 174.6  IRecovery
18 M Mastoiditis 35.8 |Recovery
Be Pncumonia and Meningitis therapy.
Only 4 patients with a heriolvtic Thrce patients with streptococ-
streptococcal pneumonia were cal meningitis were given sul-
treated, and no conclusions con- fanilamide. Again no conclusion
cerning the results o therapy can be drawn, except 2 to 3 pa-
are warranted., These patients ticnts recovered, which would be
often recover without speciiic very unusual before the era of
sulfanilamide therapy.
TABLE 1T
Streptococcal Pneumonia
Age Sex Complication Total Dose| Outcome
(In Grams) !
23 g Empyema 13 Recovery
28 F " Lo Recovery !
21 M Empyema 33.7 Death
36 M Empreme 8 Recovery
Streptococcal Meningitis
6 M Sinusitis 51.8 Recovery
65 M Endocarditis 12 Death
4 M Otitis Media 30 Recovery




Miscellaneous hemolytic strepto-
coccal infections.
erythema nodosum, lymphangitis,
tonsillitis, gangrene oi extirem-
ity (diabetic) and scarlet iever
(with antitoxin). The number of
cases prevents any conclusive
statenent as to the therapeuiic
cffect of gulfanlilemide. ALl
patients recovered, and improved
while the drug was being admin-
lgtered.

2. Gonococcal Infections

We have treated 8 patients M'td
gonococcal complications,; ¢
ally polyarthritis. We hav
included in this report any re-
sults in patients having only =
urethritis or cervicitis. Sul-
fanilamide, and possibly sulfa-
pyridine are the best specific
therapeutic agents availlable for
gonococcal arthritis. In the

These include

~“he
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treatment of gonococcal srthritis,
it has been found esscntial to
administer these drugs very early
in the disease. In a fcw in-
stances we have combincd sulfanil.
amide therapy with artificially
induced fever, (Kettering hyper-
therm), because the rcsponse with
suwlfanilamide alone was not wholl;
satisfactory. It is suggested
that if at thc end of c¢ne weck of
trecatment with adequatc doses of
sulfanilamide (blood levels be-
tweon 5 and 10 mgs. per 100 c.c.),
there has been no marked improve-
ment of the arthritis, then fever
therapy should be undeirtaken.
Table IIT includes patients with
gonococcal infections treated at
the University Hospitals. In the
7 of 8 patients with local lesione
from which gonococcl were recover-
ed before treatment, cultures
taken at the conclusion of ther-
apy, were sterile for gonococci.

TAUIR_TIT

Gonococcal Infections Treated with Sulfanilamide

Age Sex Lesion | Complication Additional Ryx| Dosc Result #
L1 F Polyorthritis | Pelvic Inflam. 2k.6 Marked Imf
provement
9 F Conjunctivitis | Vaginitis 26,5 "
25 M Polyarthritis | Urethritis Fever (5x) 180, " i
18 F Polyerthritis ' 1h1, "
22 M Polyarthritis | Urothy wtgu Fever (7x) 56. "
*¥31 M Polyarthritis i Ursthri t Fever (7x) 163. '
22 ¥ Polyarthritis | Cervicitis 8L.6 "
19 F Polyarthritis | Cervic¢c.s 71. "

*¥Treated with Sulfapyridine, after nrevious

attempt with Sulfanilamide.

3. Bruccllosis (Undulant Fever)

Five patients have been treated.
Because of the experiencc of others, onc
patient received fever therapy in addi-
tion to sulfanilamide. It is olr impres-
sion, from our small experience and a re-
view of the literature, that the best

results will be obtained in those patients

treated early in the course oi their
disease. While no definite statement
can be made at this time, it is recom-
mended that sulfanilamide be given in
adequate doses for 10 days to 2 weeks.
If at the end of that time, there is
little or no improvementc, then combined
sulfanilamide and fever therapy should
bec tried, providing the patient's con-




dition will allow the use of induccd
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tients treated.

fever., Table IV 1s a resume' of pa-
TABLE IV
Patients with Brucellosis
Treated with Sulfanilamide
Age Sex Duration of Additional Ry Dose Result w
Disease (In Grams) }
i
28 M Acute (4 days) 18. Cure
37 M 3 Yrs. Fever (6x) 262.3 No Improvement
5k M 3 Months 2.5 Terporary
Improvement
66 F 5 Months 32. Improvement
23 M 5 Days i 7.8 Tmprovement

L, Staphylococcal Sepsis

Because a considcrable number of
patients with staphylococcal sepsis seck
treatment at the University Hospitals, we
have given sulfanilamide to several of
these paticents. Dr. John Paine, of the
Department of Surgery, collaborated in
this study. We were mindful of the
fact that most investigators state suli-
fanilamide i1s of no valuc in the treat-
ment of decp seated lesions duc to
staphylococcus. Mogt peoplec agrec that
the drug is useful in the treatment of
urinary tract infections due to this
organism. From our observations, we do
not believe that sulfanilamidec is of
much benefit in the treatment of staphy-
lococcal sepsis. One of us (Dr., Spink)

has found that in vitro the bacterio-
gtatic and bactericidal action of sul-
fanilamide is increased at higher than
body temperature. Following this ob-
gervation, a few patients have becn
trcated with sulfanilamide and induced
fover (Kettoring hypertherm). Further
clinical observations are nccessary
before definite conclusions can be made
concerning the results of treating
paticnts with this combincd therapy.
In Table V are recorded the results of
treating paticnts with infections duc
to the staphylococcus aurcus, Similar
regults werc obtained in paticents with
scpsis due to staphylococcus zalbus.
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TABLE ¥
Patients with Sepsig Due to the
Staphylococcus Aureusg Treated with gulfanilamide
Age | Sex Legion Complication Additional [Total Dose | Result
Ry (In Grams)
L8 F Abscess of |Reticulo- ok, No Improve-
Buttock endotheliosis ment
23 M Cellulitis (91.8 Improvement
of Neck " " (66.3
57 M Bacteremia |Furuncle, lung 100,000 units 25. Death
abscess Antitoxin
19 M Acute Bact. 20. Death
Endocard.
LYy M Acute Osteo. 31.8 No Improve-
i nent
51 M Chronic Osteo. 12,0 "
26 M Bacteremia [Furuncle 36,0 Recovery
18 M Chronic Fever (1lhx) 275.0 Improvement
Osteo.
ES) F Chronic Fever (5x) 207.0 "
Osteo.

ve Kidney Infectlons

not believe that sulfanilamide is of
much value in this form of sepsis.

Too few patients have been ob-
gerved by us, from which to draw definite
conclusions. The impression was gained,
however, that sulfanilamide is of defi-
nite value in the treatment of pyelone-
phritis, but the drug must be administer-
ed cautiously. This is also true for
cystitis,

6. Subacute Bacterial Endocarditis

We have had an unusual opportunity

to treat several patients who had sub-
acute bacterlal endocarditis., While we
have one patient of the series, who is
apparently cured or in a remission, we do

Because there 1s little to offer in the
form of therapy for these patients,

we believe at present that they should
be given large amounts of the drug over
a long period of time. Sulfanilamide
offers a hope in the prevention of this
disease. It is well known that there is
often a temporary bacteremia following
the extraction of teeth or tonsillec-
tomies. If these procedures are to be
carried out in patients with valvular
lesions of the heart, they should re-
ceive sulfanilamide for a day before the
operation, and for 2 or 3 days after.
The blood level of sulfanilamide should
be maintained around 5 mgs. per 100 c.c,.
The results of sulfanilamide therapy in
patients with subacute bacterial endo-
carditis are tabulated in Table VI,
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Treatment of Subacutec Bacterial Endocarditis

with Sulfanilamide

Age Sex | Lesion Organism Dose Result
(In Grams)
35 F Mitral Staph-Albus 259.5 Temporary Im-
provoment -
Death
13 F Potent Duct. Strept. vir. 191.6 ? Cure
Arteriosus
36 M Mitral & Strept. vir. 65. No Improvement
Aortic ‘
25 F Patent Inter- Strept. vir. | 53.2. "
ventricular Septum ’
23 F Mitral Strept. vir. ho,6 "
27 F Patent Duct. Strept. vir. 95.8 "
Arteriosus
22 ¥ Mitral Strept. vir, 69,9 "
65 M | Mitral Strept. vir. 102.5 "
4o ) Patent Duct. Strept. vir. 26.7 !
Arteriosgus
26 M Mitral & Aortic Strept. vir. 36. "
Lo M | Aortic Mitral Strept. vir. 53. !
29 F | Mitral Strept. vir. 131.6 )
31 F Aortic Strept. vir. 6k, !
20 F Patent Inter- trept. vir, 276, !
ventricular Septum
y. Miscellaneous Diseases more effective in the treatment
of pneumococcus Infections, and
A, Pneumococcus Pneumonia we have abandoned the use of
sulfanilamide.
Only a few patients with
pneumococcus pneumonia have B. Ulcerative Colitis
been given sulfanilamide. One
individual, a 52 year old Two patients received sul-
male, with a type VII pneumo- fanilamide with no improvement.
coccus, lobar, pneumonia and
bacteremia (63 colonies per C. Meningococcus Meningitis

cubic centimeter of blood)
recovered following the ad-
ministration of 58.4 grams of
sulfanilamide. Anothsr pa-
tient with a type IV pneumo-
coccus meningitis recovered
after receiving sulfanilamide
and type-specific rabbit ser-
um. It is generally accepted
that sulfapyridine is much

One adult recovered complete-
ly following treatment with
sulfanilamide,
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TOXIC MANTFESTATIONS OF SULFANILAMIDE

We have observed a number of toxic
signg and symptoms which may be directly
attributed to the action of sulfanilamide.
It should be pointed out that the number
of patients with these manifestations are
out of proportion to the total number of
ratients that we have observed. Our at-
tention has been called to these signs of
toxicity in patients on the various ser-
vices, whereas many other patients re-
ceiving the drug were not seen and arc

not included in this general review.

1. Central Nervous System

Common manifestations encounter-
cd werc hecadache, dizziness, mental de-
pression, lethargy. No instances of
peripheral neuritis were seen. In
Table VII are tabulated a greoup of pa-
ticnts with outstanding mental aberra-
tions. It is of interest that these
developed following the administration of
the drug for only a few days. All symp-
tomg rapidly subsided following the with-
drawal of sulfanilamide.

TABLE VII

Toxic Manifestabtions of Central Nervous System

Due to Sulfanilamide

Age Seux ifestation No. of days Drug Total Dose
Was Given (In Grams)
26 M Psychosis 8 32,
35 M Psychosis 2 10.6
23 M Delirium L 19.3
18 M | Psychosis 2 10,
30 F | Delirium b 15.
|

2. Gastro-Intestinal Tract

Nausea, and occasionally vomit-
ing occurred after the ingestion of
sulfanilamide. Anorexia was another
disturbing factor, especially in patients
with malnutrition.
ed diarrhea in one patient, which was
directly rclated tc the drug.

3., Cyanosis

This was a common finding on
our patients. Studies carried ocut on the
bloods of several of these patients by
Drs. Watson, Vigness, and Spink prove
that methemoglobin is the cause of +the
cyanosis, Rarcly, sulfhemoglobin is the
cause. We do not believe that this cyano-

We have only encounter-

sis should necessitate withdrawal of
gulfanilamide. When a l% golution of
mcthylene blue was given intravenously
to several of the patients having cya-
nosis, the latter promptly diseppeared
within 30 minutes. However, whaen sul-
fanilamide therapy was continued, the
cyanosils reappeared. The per cent of
circulating hemoglobin converted to
methemoglobin has been quantitated by
spectrocolorimetric and spectrophometric

methods., In Table VIII, these values
are given. Cyanosis was marked in these
patients., In most of the patients, the

cyanosis was moderate, and the per cent
of methemoglobin was between “ and 10%.
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TABLE

o7

VITI

Per Cent of Circulc
in Patients Ro ol

vting Methemoglobin
ring Sulfanilamide

Age Sex Per Cent of Metheumoglobin Dose of Drug !

(In Grams) N

51 F 31. 11. in 3 days i

5 Wks.| M 23, o.b ™1 " ,
6 M 13-19 45,6 "8 "
60 M 25-30 ., "3 "

L, Acidosis

The carhon dioxide combining power
of the bloods of many of thc pationts
wag determincd after large amounts of the
drug had been given. In no instancc was
there any appreciable degree of acidosis
due to sulfanilamide. Thesc findings may
be attriputed, in part, to the fact that
practically ©ll of the paticnts reccived
sodium bicarbonate.

5. Drug Fever

Four patients were observed who
had a marked risc in temporature due to
sulfanilamide, This menifestation uscal-
TV appeers after the drug has boen gi

Tor scverel days. AL times, it ig diffi-
cult to determine whether the risc in
temperature is due to the infection or
the drug. If the temperaturc apyrooches
ncrmel following the exhibition of sul-
fanilamide and thon after several days
begineg to rise, although the pationt hac
improved clinicelly, one moy sasume that
the paticent has drug fever., The admin-
istration of sulfanilamide should be
omitted immediately. If the drug is
given again, thsre may be a recurrence

of the drug Tever. The following sequence
of events wag obgerved in a patient on

the obstetrical scrvice: A 39 year old
femalc with fover and a winar; tract
infcction was given 16 grems sulfanila-
mide over a period of 4 days. Her tom-
peratwre became normal. Nine days after
the initial dosc she was given a total

of b grems ~ver a period of 24 hours. At
ths end oi this time, her temperature

rosc to 104°F. She had chilly scnsa-
tlong, hcadacho, nausea, an urticarial
eruption, and cyancsis, Sulfanilamide
therapy was ctopped, and all signs cf
toxicity disaprcared. Onc weck later
she was given 10 grains of sulianila-
mide, three times, in one day. TFollow-
ing this, her temperature rosc to 103°,
and she had a hecadache, nausea, vomiting,
a blotchy erythoma of the facc, and
cyanosias., Thege signs again aboted
when the drug was omittod.

6. Skin Eruptions

Seven pnatients had skin eruption:
caused by sulfanilamide. Like drug
Tover, this toxic manifestation usually
cccurs after the compound hag boen given
for several days., It appoars abruptly
and is full-blown within o rew hours.

The type most commonly obsorvod by us
an olthers was o maculo-papulor cruption.
W2 hove also ovscrved the fellowing
eruptiona: scarlatiniform, purypuric,
urticarial, exfoliating, vesicular, and
erythematous eruptions. Inftensce pruritw
may accompany the rash., Anglioneurctic
cdema has also beon described, Ambula-
tory patients recciving suifanilamide
may develop a dermetitis of thosce parts

of the skin exposed to sunlizht. Sul-
fanilemide therapy should be discontinuel

ot once in any patient cxhibiting an
cruption. If the drug is to be given
to the patient subscquently it must be
used with caution, as cruptiong moy
appear again with small doscs.
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T. Jauwndice and Liver Dysfunction

Under Dr, C, J. Watson's direc-
tion, we have been interested in the ef-
fect of sulfanilamide upon hemoglobin
metaboliom and liver function. The num-
ber of cases that we have seen with de-
rangement of liver function or increased
destruction of crythrocytes is not a
true indication of its frequency becausc

f this interest on our part. Nevorthe-
iess, the results of our study permit
ug to conclude that these forms of toxi-
city are more frequent than we are led to
believe from revorts in the literature.
Time and gpace do not permit us to give
a detailed report of our findings.

Jaundice occurring in patients receiv-
ing sulfanilamide may be of the retention
type or the regurgitation type. In
several paticnts evidence was obtained
that both were preoscnt, but in others onc
or the other type prodominated. Labora-
tory evidence for the retention typc
ccevrring frequontly was based on the
following: docrcase of the hemoglobin
and crythrocrte levels (hemolysis); in-
crease in the amount of circulating bili-
rubin; incrcasc in the excrotion of uro-
bilinvgon in the feces; increasc in the
roticulocyte leveleg; rise in the icteric
index; 1nquecT Van den Bergh reaction of
the serum. The regurgitation type,; which
is dve to damaze Lo the bile oan1¢1ar Kol P
wag also froquently encounteraed witn the
Tollowing findings: dilrect Van den Feryh
reaction cf the serum; increase in the
crxeretion off urcbilinogen in the urine.

Twenty paticents had jaundice, whiclhi in
seli ig evidence of liver dysfunction.
1} there were increased excretions of
i weotilinogen (3.5 mgs. per day is
the upper 1imit of normal). Values up to
200 and 700 mgs. a day were not unccmmon,
In the majority of paticnts the values an
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tients expired, decath was not duc to

the hepatic damage alonc, as an extensiv.
peritonitis was present in both. The
plasma bilirubin lcvels were increased
in 9 patients (1 mg. per 100 c.c. is
normal).

8. Hemolytic Anemia

In practically all of our

patlents receiving therapeutic doses

of sulfanilamide (60 grains daily) in-
creased destruction of red blocd cells
occurred. In a study of several pa-
tients it was found that the anemia was
oi the mecrocytic hypochromic type. In
other words, there was not only an in-
creaged destruction of erythrocytes, but
algso a disturbance in hemoglobin forma-
tion. The degree of blood destruction
varies; occasionally an acute hemolytic
anemia occurs. We have observed this

in 11 patients., If administration of
the drug is dlscontinued and the patients

re transfused, they recover. This was
true in our patients. Acutc hemelytic
anemia usually manifests itsell only
af'ter the drug has been given for scveral
days. In Table IX we have rccorded the
dirop in hemoglobin percentage and the
doscs of sulfanilamide. Others have
siiown that if paticnts developing acutc
nomolytic ancmia are glven sulfanila-
midce a second time, the samc procipitous
drop in erythrocytes will occur wit
very small doses.

proeached and became normal after suifan’ ]a-

mide therapy was discontinued., In 2 pa-
tlente, the Jaundice was severe with
ictorus indices of 361 and 122,
dividuals had peritonitis fcllowing ror-
foration of thc gastro-intestinal tiaub.
Pure sulianilamide crystals wer: placad
in the peritoneal cavity at time of oror-
ation, which accounted in part Tor tho
cxtensive liver demage. Whilc woth pa-

These in-
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TABIF, TX
Patients with Hemolytic Ancmia duc to Sulfanilamide
Age Sex Disease Totel Dose | Total No.Days Hemoglobin (%)
(In Grems) Before Beforc After
Develop.Anemia |[Sulfanil- |[Sulfenil

amidé amide

35 F Suppurative Arthritig 16.0 3 81 20
41 F Gonococcal Arthritis | 22.6 5 75 L6
63 M Pyelonephritis 13.0 5 76 49
78 M Epididymitis 2,6 10 70 50
13 M Erythoma Nodosum 66,0 11 97 55
20 F Magtoiditis, 31.0 10 41 22

. Meningitis
35 M Hemolytic Strepto-

coccus Bactceremia 26,2 10 71 46

23 M Cervical Cellulitis 62.% 13 62 36
78 F "Diabctic" gangrenc 58.7 10 81 50
Ly M Chronic Ostcomyelitis| 31.8 7 61 32
16 F Chronic Osteomyelitis| 60,0 10 76 L6

9. Leukopenia and Neutropenia

We have obgerved only three
patients having a marked drop in the
total number of leukocytes and a neutro-
penia., Fortunately no patients have
develorsd agranulocytosis at the Univeir-
sity Hospitals., In one patient the lev-
kecytes dropped from 19,100 to 2,000 par
cu. M.m., and the polymorphonuclear ncu-
trephiles dropped from 80% to 9% after
receiving 78.6 grams of sulfanilamide; he
did not develop an anemia and recovered
completely., A second pationt entercd
the hospital having 3,700 leukocytes por
cu. M. and 27% polymorphonuclear neu-
trophiles aftor receiving only a small
dose of sulfanilamide by hig physiciezn
for a wrinary tract infection. A third
patient was given about 1,100 grains of
the drug by a physician over a poriod of
¢lght wecks for a streptococeal sorc
hroat. She ontered the hospital with a
loukocyte count of 2,600 cells per cu.mm.
and 18% polymorphonuclear neutrophilcs.
She was quite i1l on entry; she had oral
leegions due to anaerobic organisms, bub
shu rocoverod.,

In o few patients we have administerec
the compound in large doscs to patients
with a marked leukopenia without a
further drop in the lecukocytec count. We
do not belicve that a leukopenia is a
contraindication to starting sulfanile-
nide therapy.

In several pationts the loukocyte

counts became appreclably clevated while
ruoceiving sulfonilamide.

SULFAPYRIDINE THERAPY

A total of 75 patients have been
treated with sulfapyridine. The drug
has been used primarily in tihe treatment
cf patients with pneumococcus pneumonia,
staphylococcal sepsis, and, in a {ew
instances, patients with bacterial endo-
carditis and gonococcal infections,.

Sulfapyridine has certain disadvan-
tages as a therapeutic agent when com-
pared to sulfanilsmide. It is more in-
goluble; and for this reason, it is
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erratically absorbed from the gastro-
intestinal tract. An illustration oi
this erratic absorption is obtained from
the following observations: two adult
women of approximately the same age

and weight were each glven four grams

of sulfapyridine by mouth and four hours
later one gram. Six hours after the
Initial medication the level of free
sulfapyridine in the blood of one was
8.5 mgs. and in the other, 51.3 mgs.

per one nundred cublic centimeters of
blood. Another disadvantage is that al-
though the compound may be absorbed, the
major portion may be conjugated in the
body. This conjugated form is ineffec-
tive against bacteria, and may be pro-
cipitated in large quantities in the
urinary tract causing hematuria, nitro-
gen retention, and pain. One further
disadvantagc is that sulfapyridine
cauges nausea and vomiting much mor:
often than sulfanilamide. Thesc symptoms
are due to the action of the drug on the
central nervous system., Because of the
foregoing disadvantages of sulfapyridine,
we believe at the present time that the
compound should only be used in the
treatment of patients with pneumococcus
pneumonia, staphylococcus sepsis, infec-
tions due to Baclllus mucosus capsulatus
(Friedlander) infections, and possibly
gonococcal infections.

Dosc of sulfapyridine (adult): For
pneumococcus infections, it 1s desirable
to have a level of free sulfapyridine

in the blood of U4 mgs. or morc per 100 cc.

of blood. Because of crratic absorption
intelligent therapy cannot be carried out

without gquantitating the amounts of iree
drug in the blood. At the University
Hogpitals the amounts of free and con-
Jugated suliapyridine are determined.

To obtain satisfactory blood levels at
the present time two grams of sulfapyri-
dine are given in the initial dose and
then one gram cvery four hours night and
day. An equal amount of sodium bicar-
bonate is given to alkalanize the urine,
which theoretically should prevent or
lessen the precipitation of the ace-

tylated form in the urinary tract. With-

in 12 to 24 hours the blood level is
determined. Since sulfapyridine appar-
ently has an antipyretic action, the
administration of the drug should not be
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discontinued when the temperature be-
comes normal but continucd for several
morc days. After 48 hours o drug
therapy one gream may be given covery
six hours for a few days, and than
onc half gram threc to four timcs a
day. It is our impression that the
druz has been discontinucd too early

'in many instances.

According to Dr. I. McQuarrie of
the Department of Pediatrics, the follow
:ng doses of sulfapyridine are used in
children:

A. TFor pneumonia:

1. 0.25 gm. per kg. (gr. 1-3/k
per 1b.) per 24 hours for
48 hours. Then decrease the
daily dose 1/5 each day for
3 days.

2. The administration of the
oh-hour dose at one time is
gometimes used as an alter-
native method.

Postoperative patvients with nasal
suction may be given sulfapyridire by
crushing the tablets and suspending the
compound in water and inJjecting it with
a syringe through the nasal tube. The
tube is then clamped off for one or
two hours, and In most cases satisfac-
tory levels in the blood ars obtained.

For staphylococcus sepsis larger
amounts of the drug arc probably neces-
sary. Levels of 10 mgs. or more of
free sulfapyridine in the blood should
be established and maintained for
several days.

The effective dose for gonococcal
sepsis has not been clearly established,
but 1t appears to be less than that re-
gquired for sulfanilamide.

Recently monohydrate sodium sulfa-
pyridine has been used intravenously.
This salt is more soluble than sulfa-
pyridine. It is given intravenously
only. Because of the extreme alkalinity
of the solution (pH 10 - 11) great care
should be exercised so that none of the




golution escapes into the tissues because
of the danger of obtaining a slough. The
doge is 0,006 gram per killogram of body
weight, The compound 1s dissolved in
enough warm distilled water to give a
final concentration of five per cent
(5%). It is then injected very slovly.
From 2/3 to 1/2 of the initlal dose may
be given every twelve hours for a few
days. It is highly desirable to give

the drug orally with sodium bicarbonate
after onc or two intravenous injections.

RESULTS OF SULFAPYRIDINE THERAPY

1. Pneumococcus Infections

In Table X we have presented our
results in the treatment of pneumococcus
infections. Of these 22 patients, 8 died.
Four of these fatal cases had a pneumo-
coccal meningitis; another had an ad-
vanced form of multiple myeloma; and one
had a pneumococcal peritonitis.

It is to be noted that we used

specific antipneumococcal serum in addi-
tion to sulfapyridine. This combined
therapy was carried out because we de-
sired to give the patients every advantage
of gpecific therapy. At the present time,
we believe that only sulfapyridine should
be given ior a period of 24 to 36 hours,
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in the treatment of pneumococcal pneu-
monia. If at the end of this time, the
patient has not shown satisfactory
clinical improvement, therapeutic doses
of specific serum should be administered.
Combined serum and sulfapyridine

therapy should be instituted immediately
in patients with pneumococcal meningitis.

We have found sulfepyridine.
especlally valuable, in the treatment of
patients with atypical pneumococcal
pneumonia. In these cases, there is
only a small area of consolidation,
they are not seriously 1ill, and a low-
grade fever is present, Serum therapy
in these patients is often of doubiful
value, and it is e¢xpensive.

Occasionally patients arc encountered
who have evidence of pneumonia, but
from whom a specific biological agent
causing the consolidation cannot be ob-
tained., Sulfapyridine should be given
to these patients. We have done this
with 11 patients, and all except one
rccovered. During the past winter, a
number of patients were seen and treated,
who had an atypical pneumonia probably
caused by a filterable virus. Sulfa-
pyridine did not appear to effect the
clinical course of these patients.




TABLE X

Pneumococcus Infections Treated with Sulfapyridine
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Age Sex | Type Lesion ‘|Complication Dosc (Grams)| Additional]l Result
in No.Days |Ry (Serum)
Lo M IX,ViI | L.L.L. 25 - 4 days | Type VII | Recovery
. 150,000 U,
=7 M VIII L.L.L. 26 - L days Recovery
53 M IX Diffuse |Postoperative 8 - 2 days | Type IX Death
2,4 1.V, 60,000
L3 M oI R.V.L. !Bactcremia 4 -1 day |Type I Recovery]
160,000
3% M 11T R.V.L. 13.5-3 days | Type ITII | Recovery
R.A.L. 140,000
87 M 11T R.V.L. 10 - 2 days Recovery
55 M VI,IIT | R.L.L. !Bactercmia (III) 10 - 2 days | Type VI Death
L.L.L. Peritonitis 100,000
Pogt-operative Type III
100,000
17 F XXII R.L.L. 14 - 3 days Recovery
L.L.L. |
19 Mod. M v L.L.L, :Ploural mffusion 10 - 5 days Recovery
5 M IIT R.L.L. 8 - 1 day |Type III |Rccovery
100,000
34 F v R.V.L. !'Bactercmla 32 - 6 days |Type V Recovery
R.L.L. 150,000
36 M VIT,IIT V.L. Cardiac Failurc 50 - 5 days | Type VII | Rccovery
| 100,000
Type IIT
120,000
62 M v R.L.L. 11.5-3 days Recovery
25 M 111 R.L.L. !Post-operative 30 - 5 days | Type IIT |Recovery
100,000
38 M XXTX R.L.L. Multinle Myeloma 13 - 3 days Death
L,L.L.
75 F IIT R.V.I. 18 - 3 days |Type III |Death
200,000
17 M VIIT R.L.L. Posgt-operative 13 - 3 days Recovery
37 M XXIX R.L.L. Massive Collapse 28 - 5 days Recovery
R.L.L.
35 T II1 Meningit}s 4 - 1 day |Type III |Death
‘ 89,000
52 M I1I Meningit,Bacteremia 8 - 2 days |Type III |Death
| 300,000
6 Mos. F XXV Meningit,Bacteremia 26 - 16 days|Type XXV | Death
_ 25 c.C.
61 M I1I Meningitis 6 - 1 day |Type III |Death

80,000

i




2. Staphylococcal Sepsis

We have had an unusual opportunity
to treat 15 patients with this type of
sepsig, due to the staphylococcus aureus.
The results are shown in Table XI. Some
of these were given sulfanilamide initial-
ly. It is significant that seven patienis
had a bacteremia, and all except one re-
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aging when it is realized that the mor-
tality rate, in general, for patients
with staphylococcal bacteremia is
around 75%. Sulfapyridine is of doubt-
ful value in the treatment of patients
with osteomyelltis, except those having
a bacteremia, At the present time, we
believe that sulfepyridine is the best
gingle chemo-therapeutic agent in the

covered. These results are quite encour- treatment of severe staphylococcal sepsis
TABLE XI
Patients with Staphylococcal Sepsis due to Staphylococcal Aureus
Treated with Sulfapyridine and Sulfanilamide
Age| Sex | Lesion Complication Dose (Grams) | Additional | Result
in No. Days Rx
in F Osteomyelitis | Bacteremia, Meningitis],35 - 10 days Death
' Lung Abscess
17 M Perineph.
Abscess 24 - 5 days Recovery
39 F Osteomyelitis 20 - 5 days ?Improve-
ment
L5 M Meningitis Post-operative 84 - 12 days |5ltems.PABS Recovery
51 M Osteomyelitis 104 - 13 days |101.8gm." No Change
12 M Osteomyelitis 12 - 3days | k2 " " No Change
12 M Osteomyelitils | Bacteremia 21 - 7 days 6.7" " Recovery
18 M Osteomyelitis 25 - 6 days |292 " " Improve-
Fever 1llix ment
Lo Arthritis Bacteremia 72 13 days Recovery
15 Osteomyelitis | Bacteremia 76.5-10 days Recovery
33 M Subphrenic Bacteremia 34 - 10 days Recovery
Abscess
61 M Arthritis Decubitus Ulcer 28 - 8 days Death
35 M Osteomyelitis 68 - 17 days No Change
2h M Osteomyelitis | Bacteremia 57 - 10 days {112gm.PABS | Recovery
L5 M Carbuncle Diabetes POk - L4k days | 82 " Recovery
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3. Bacterial Endocarditis

Tiree patients with sub-acute
bacterial endocarditis have been treated.
In two, there was no improvement, and in

the third, temporary improvement. Further

trial of the drug In this disease is
necessary before drawing any conclusions
concerning its merit.

Two patients were treated having an
acute bacterial endocarditis due to the
staphylococcus aurcus. Both patients
died, the drug having no effect on the
clinical course.

TOXIC MANTFESTATIONS OF SULFAPYRIDINE

1. Central Nervous System

The outstanding signs of toxicity

in patients receiving sulfapyridine are
nausea and vomiting, which are of central
origin, since they occur whon the drug is
given intravenously. About 35% of our
patients had these manifestations. In
several they were so gevere that the drug
therapy had to be discontinued. t is of
considerable importance that often
patlents tolcrated the drug poorly fol-
lowing the initial doses, but after it
had been omitted for one or two doses,

or the dose temporarily decrcecascd, they
were able to take it for several days
without having nausea and vomiting.

Sulfapyridine also causes mental de-
pression and dizziness, but no patients
with psychoses were encountered.

2. Cyvanosis

This is uncommon in patients re-
ceiving sulfapyridine. We have obgerved
only one individual wherc the cyanosis
could be attributed to sulfapyridine.
Spectroscopic analysis of the blood re-
vealed the presence of a small amount of
methemoglobin.

3. Acidogis

No patients were seen who had
acidosis from the drug.

6h

L, Drug Fever or Skin Eruptions

Although we have not observed
drug fever or skin eruptions in any of
our patients, they have been reported by
several investigators.

5. Jaundice and Liver Dysfuncticn

No patients developed Jjaundice,
and no instance of liver dysfunction has
been encountered. It is our Impression
that sulfapyridine is less toxic for
the liver than sulfanilamide.

6. Hemolytic Anemia

Only one patient developed an
appreciable degree of hcmolysis of the
erythrocytes. His hemoglobin dropped
from 75% to L46% after receiving 68 grams
of sulfapyridine in 17 days.

7. Leukopenia and Neutropenia

No serious decline of the total
leukocyte level or of the polymorpho-
nuclear neutrophilcs wag observed in
any of the paticnts, with but one ex-
ception. In this patient, the leuko-
cytes decreased from 9,300 to 1,450 cells
per cu.mm., while the polymorphonuclear
noutrophiles reached a level of 585%.

She had received 168 grams of the drug
for 29 days.

8. Hematuria

Only two patients had a gross
hematuria, and they were given the drug
intravenously. We have onc patient
whose kidney function has been markedly
reduced following the administration of
a large quantity of sulfapyridine, but
hce had a bilateral lesion of the kidney
duc to the staphylococcus aurcus. In
this instance, it is difficult to dcter-
mine the role that the drug played in
reducing the kidney function.

There have been several reports of
calculi forming in the urinary tract due
to precipitated acetylsulfapyridine.




In general, with the exception of the
navseca and vomiting, and kidney dis-
turbance, sulfapyridine appears to be
less toxic than sulfanilamide.
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V. GOSSIP

Surgecn John R. Paine goes to
Omaha to address the Omaha Midwest Clini-
cal Society today as part of a symposium
on preoperative and postoperative treat-
ment with Ralph H. Major, John S. Lundyr,
Lloyd H. Mousel, Walter G. Maddock, and
William L. Estes, Jr. Urologist C. Donald
Creevy goes to Chicago to appear on the
program oI the Interstate Postgradvate
meeting. Pediatrician Irvine McQuarrie

goes to China, January 1, for a six-months'

teaching assignment at Peiping. He will
Join the list of Minnesotans who have
gone there for this purpose or who have
come from that schocl to this....Everyone
will be pleased to know that former head
technologist, Gleva Erskine, has "gone
domestic" in her new home in Grand Rapids,
Minnesota. She was in the other day
with a brand new baby. Her husband,
Gordon Erskine, is practicing medicine
there....This is "Hard of Hearing" week.
Our own chief otolaryngologist, Horace
Newhart, has played a very active part

in promoting educational and testing
programs ior the hard of hearing. His
work which was at first local has now as-
gumed national proportions....Thig is the
time of year when neurosurgeon William
Thomas Peyton and his hunting cronies go
to the north woods for their annual vaca-
tion. As usual, both game and stories
will be dbrought back....An unusual course
will be held at the Center for Continua-
tion Study during the week of the federal
Thanksgiving., It is being conducted as

a regional offering for the central area
by the Federal Security Agency of U. S.
Office of Education. The title will be
"Rehabilitation Training." Many of our
medical men will appear on the program.
These will include Asher A, White (phy-
gsical diagnosis), E. T. Evans and C. C.
Chatterton (orthopedic appliances), M. J.
Shapiro (cardiac disabilities), Horace
Newhart and H. E. Hartig (hearing aids),
and E, S. Mariette and H. E. Hilleboe
(rchabilitation of the tuberculous);
other contributions from the University
of Minnesota staff will concern them-
gelves with Clinical Procedures and
Guidance, Guidance Techniques, Vocational
Adjustment for Adult Workers, Occupation-
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al Opportunitics, and Case Work
Methods....This is National Pharmacy
Week., Dean Emeritus Wulling neccded
restoratives when told that his picture
was being used by one of th¢ chain drug
stores as part of a window display....
Surgeon Charles B. Craft, who joined the
ranks of fathers this week takes second
place to none for enthusiasm. Prior to
he pirth of his son, he did a little
practicing on the neighbors' children.
The young man will be taken south in
due time to inspect the land of his
ancestors. The parents are receiving the
congratulations of theilr many friends
who have watched the budding family since
the cavalcade to southern Minnesota a
few years back....A number of Minnesota
physicians will be invited to attend a
special course in Premature and Newborn
Care at the Center for Continuation
Study in February. The conference will
be sponsored by the Division of Maternal
and Infant Hygiene of the State Depart-
ment of Health....There is a consider-
able delegation from the University Hos-
pitals seated in the back rows of the
second section in the north stands of
the Stadium., The distance from the
field makes it difficult for the offi-
cials to hear us but we try Just the
same. The group was very busy last
Saturday at the Ohio State game.....
Neuroroentgenologista Cornelius G. Dyke,
Columbia, and Merle C. Sosman of Harvard
will Jjoin John D, Camp of the Mayo Found
tion and Harold O, Peterson of our staff
as the leaders of the faculty group for
the Contilnuation Course in Neurologic
Roentgenology at the Center for Continua-
tion Study, November 13, 14, and 15,
1939....0ne of Dr. Peterson's subjects
will be "Platybasia," a term known to
few people? There will be a double-head-
c¢r at the Center, November 6 - 11 when
Neurclogy and Cardiology will be offered
in two groups at the same time....Onc of
our guests at the Fiftieth Anniversary
Celebration wrote of "our evident pride
in our accomplishments” which might be
taken in one of several ways.




