Chapter XI
MORTALITY

History

As nearly as one can judge from the literature, the mortality
rate for gas bacillus infection has been high since the time of
Hippocrates. From 400 B.c., when the first case was described,
to 1900 A.p., the exact etiology was unknown. As a result, rec-
ords of the disease cannot be followed in the literature and the
mortality rate cannot be accurately determined. All gangrenous
processes were mixed in the records until Welch isolated Bacillus
aerogenes capsulatus (Bacillus welchii) and associated it with
the disease in 1900.

Forty-five to 50 per cent was the generally accepted mortality
rate when x-ray therapy was introduced in 1928, Every group
of statistics of cases treated with x-rays since that time has
shown a greatly lowered death rate.

From August, 1928, to November, 1931, eight patients with
so-called gas gangrene infection were treated with x-rays in
conjunection with the usual measures employed, excepting ampu-
tation. The mortality rate was 25 per cent. In six cases, the
disease was confined to the extremity, and the patients recov-
ered. Two patients with involvement of the trunk died. It was
believed that in these two cases, owing to much greater thick-
ness of the infected part, sufficient radiation had not been given
to make a fair test of the method. More penetrating radiation
was then recommended for cases of involvement of the trunk.
Because of the rarity of the disease, one individual, if compelled
to depend on his own experience, would be many years in ae-
cumulating enough ecases from which to draw econclusions.
Therefore we felt justified in reporting the small number of
cases observed up to that time, especially since the outcome in
the cases of involvement of the extremities so strongly suggested
that x-ray therapy was distinctly beneficial.

All elinical data accumulated during the care of these patients
which might have had any bearing on recovery and the x-ray
technical factors used in treatment were reported in detail.

140



*(posn st Ldereyy Leix I1) TOI}O9FUL SUOLILS € §¥ WOTY0dFUL Sn{[Iowq 58S yo pus 9YL—GT "PLI

L i
f.fnoa 73 | I 1 %0
13
suo13sqndure ¢ XIR0 XJVEAHI XVE ¥ 30N “ “xm
Of *unJIass oy B v x | °SUOT3VIIes JWOS SMOYS umaas I
*3eed] Ael-x X ay | _§A )
arow Jo0 aaayy [‘.S I pue L193ans Jo asn ayy I ¢
Sases zp I _Rmﬁ A
| Ut ajer Hyreddow agy 1 t
*HIN 783 q 1 _KON & ) ¢
‘3easy Aed-x 1 T¥6T PUT 06T Uoamjeg | v
aJow JI0 zaJayy 1 i | %62 ¥ ‘umouy sen quam
ssseo ggz | | sserecessescsefradms )
] I | X0£ X -3vauy as13asija oy
I | UATM POUT®AQO s3Tnser | I
TN T ) ‘e 1 ) %82 1 *PaUSTIqesss aq
*3ea13 Lvedex [P a1 oo Ty ] ay3z Jo aayrzejusssxdax | T
azou J0 auo ) he 17 s | %0% v ueo ajed L3yyeqdow
saseo p9g i N | ate s3aodar saoqe ayy | I
D | +E_mm av| xumouns -3 | | 6% ¥ 33TUTFAp ou 00T o3
; ————— 0
“ ¢ poT T Xaouns “ %06 W tovad umowqun sem
_. “ __ %8S 4oto139 2y sY
[ | 1 é ¢
1 I | %09 ¢ ¢
061 8L6T 9861 9261 £86T 8261 2e6T IIY °T°A  °*q°v 006T ©3 °J°g O.¢ - 09y
Ley ‘PR V'RCV'P ey *pey oy ‘0%°D°S  Jey pTdoy PpaUyuIalaq sajessoddiy
oz 30day  gaoday jroday guoday pasn 3d0day  *yegeno’N Lororsy
973813935 U3anoyg PITHL  pUODdg  ISITY 3SITF 8, JETTIN 330day
mhﬂam *u3y *dung YoTam o% sazesooddiy wouy

XAVYEHI XVE~X AONIS Givy ALITVIHON

AIVNEHL AVH-X Ol ¥OI¥d AIVE ALITVINOW



142 Roentgen Treatment of Infections

Some conclusions were drawn and suggestions were made.
Others were urged to try the method if the opportunity should
arise. This was done so that the value of x-ray therapy could
be more quickly and definitely established. X-ray treatment
was not offered as a specifie, and no other form of indicated
therapy was seriously questioned except amputation and exten-
sive premature débridement. Some doubt was raised as to the
necessity of giving large amounts of gas bacillus serum.

MorraLiTy RaTE 1v THE LITERATURE

During the next four years, two reports (Faust and Turner)
appeared in the literature, and x-ray treatment was continued
as the opportunity presented itself. In November, 1935, the ma-
terial on treatment of gas bacillus infection was brought up to
date and reported before the Radiological Society of North
America.*

After several years of experience, we are now convinced that
if the x-rays are used early in the treatment of gas bacillus in-
fection, the mortality rate will not exceed 10 per cent. Five
per cent of this will be due to the direct action of the gas bacillus
infection and other types of organisms and the other 5 per cent
to the primary injury or disease. However, the effects of the
x-rays must not be neutralized by misguided medication or the
patient’s strength completely overcome by unnecessary surgical
procedures if this low mortality rate is to be obtained. The
following discussion and its supportive data show that much
of the terrorism has been taken out of gas bacillus infection by
x-ray therapy.

The figures in Table 6 are readily interpreted. Each suec-
cessive report includes all the cases discussed in previous re-
ports; therefore report V shows the totals compiled up to .
May, 1940. The final totals up to 1940 consist of: (1) all the
cases'included in previous reports; (2) those reported in the
literature independent of our reports, subtractions being made
where duplication oceurred; (3) cases from our region not
previously included; (4) written case reports sent us from
various sources, evidently as a result of earlier questionnaires.
No attempt has been made during the last two years to collect

* Dr. Edwin C. Ernst was chairman of the Program Committee for the Radiological
Society of North America and requested a report for the 1935 meeting.
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new cases for inclusion with the data in this book. It had been
thought that the report to the International Congress of Radi-
ology would be accepted and would, to a great extent, prevent
unnecessary amputations for this disease. Amputations, how-
ever, are still commonly resorted to, even in our immediate
vicinity ; and many men, even though they no longer feel able
to ignore the status of x-ray therapy, choose to use sulfanila-
mide. Recently this practice led to increased mortality and

TABLE 6
Cases witH Gas Bacriius (Gas GANGRENE) INFECTION COMPLICATING

TRAUMA DiABETES ARTERIOSCLEROSIS

Cases|Lived Died Cases|Lived Died Cases|Lived| Died

Report I*..... ... 8 6| 2 25%) 0 0 0(0%) 1] 0 0(0%)

Report IIf....... 39 33| 6(15.3%)| 1 0 1(100%) 0 0 0 (0%)

Report TIT§...... 56| 501 6(10.7%)| 1 | 0 | 1(100%) | 0 | o | 0%
Report 1V§...... 123 | 113 | 10 (8.1%) 9 4 5(55%) 0 0 0(0%)
Report V”...,...| 364 | 322 |42 (11.5%) | 29 14 15(51.7%) | 15 3 12 (80%)
Combined total of all types...408 cases 339 lived 69 died (16.9%

* Kelly, J. F.: Radiology 21:296, April, 1933.

t Kelly, J. F.: Radiology 20:41, January, 1936.

{ Kelly and Dowell, J. A. M. A. 107:1115, October, 1936.

§ Kelly, J. F., Dowell, D. A.; Russum, B. C., and Colien, F. S.: (Radiology 31:608,
November, 1938.

"Kelly, J. F., and Dowell, D. A.: Radiology 37:421, October, 1941. This report include
all cases which had come to our attention begore May 1, 1940. For later cases see Table 8
morbidity from the disease. Now, however, the general tendency
in this region is to return to the use of x-ray therapy without
sulfanilamide fof prevention and treatment of gas bacillus
infection.

It seems that sufficient material has been collected and re-
ported in this text to justify the use of x-ray therapy as the
first means of treating a gas bacillus infection. From now on,
others ghould report their cases, since the purpose for which
case reports were sent us in the past has been acecomplished,
namely, the rapid evaluation of the use of x-rays in treating
gas bacillus infections. We see no point in adding more cases
to our totals. The statistics and other data contained in this
discussion should be sufficient for any conscientious and eon-
servative practitioner.

It is significant that the mortality rate for the usual gas
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bacillus infection complicating an injury has varied between
10 and 15 per cent since we first recommended x-ray therapy
in 1931. This mortality rate as represented in the early reports
on our own work is not out of line with reports from elsewhere
on results obtained in various parts of the country and abroad,
with one exception, the Coleman-Bennett report.!* A summary
of all the cases treated with x-ray and reported in the litera-
ture or by personal communication is given in Table 7.

If one were to consider only the cases treated with x-ray and
reported in the literature (with the exception of the Coleman-
Bennett report), the figures would be as shown in Table 7. They
show a mortality of 10.6 per cent for gas bacillus infection com-
plicating trauma; 42.8 per cent for gas bacillus infection in the
diabetic group, and 62.5 per cent for gas bacillus infection in
the arteriosclerotic group. The death rate (Tables 7 and 8) is
lower than the mortality rate shown in Table 9, which is from our
own small series. The purpose of this comparison is to show
that the reports in the literature have in their combined figures
the same mortality that we have been able to obtain by combin-
ing our cases with reports sent to us by others. There is nothing
mysterious about these figures; others can obtain the same re-
sults. From the literature, a combined total of early (Table 7)
and late (Table 8) data show 125 cases with an 11.2 per cent
mortality. Again, this is evidence of consistency, when our early
reports are compared with the later reports in the literature.
In all instances there is only 2 or 3 per cent variation in the
traumatic cases, and it is in this group in which we are most
interested. '

Our first two reports, the dates of which were such as to
exclude danger of duplication, are ineluded in Table 7 with other
reports from the literature. Our third and fourth reports are
omitted because of the danger of including in those figures some
of the cases contained in other reports which are now appearing
in the literature under the signature of the physicians who sent
us one or more early cases.

In other instances, when reports showed an overlapping or
duplication of cases in the literature, the cases considered in the
previous reports are omitted from our later tabulations. The
total of only 109 cases in our tabulations of the 19 reports
(Table 7) is therefore smaller than the total number of cases
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146 Roentgen Treatment of Infections

in the reports as they appear in the literature. All cases which
have been referred to us for analysis, including clinical and
technical data, are included without duplications.

In Tables 9 and 10, it is possible to compare the mortality

TABLE 8

REPORTS ON Gas BacirLus INFECTION TREATED witH X-RAvs BETWEEN
May, 1940, aND May, 1941, NoT INCLUDED ELSEWHERE

Cases | LIvep DiED

Kennedy, W. C. (Illinois M. J., March, 1938) ... ... 1 1 0
Newell, E. D. (Ann. Surg., July, 1939) ... ..... ... .. 2 2 0
Anderson, W. D., and Olim, C. B. (Memphis M. J., :

November, 1939). . ................ . ... ... . .. 8 6 2
Von Briesen, D. (Southwest. M. J.,

May, 1940) ... ... 12 10 2
Ham, Harold (M. J. Australia,

September 28, 1940). . . . .............. ... ... .. 5 5 0
Cantril, S. T. (Staff J. Swedish Hosp.,

Seattle, May, 1941).. ... .. ... . ... ... ... ... 3 3 0

Total....... .. ... .. .. . ... 31 27 | 4(12.9%)
TABLE 9

Cases oF Gas BaciiLus INFECTION IN WHICHE WE HAVE BEEN IN CHARGE OR
SERVED AS CONSULTANT

|

Cases | Livep |  Diep
Treated by Kelly and Dowell . . ................. .. 21 17 | 4(19.0%)
Seen in consultation by Kelly and Dowell........... 31 27 | 4(12.9%)
Total cases in Omaha Area (12 yr. plus)............ 52 44 | 8(15.39%)

TABLE 10

Cases oF Gas BaciLLus INFECTION IN WHICE WE HAVE NOT BEEN INVOLVED
ExXCEPT FOR AN OccasIONAL TELEPHONE CALL OR TELEGRAM

Cases | Livep DiEp
Others reported in literature. .. ................ 72 66 6(8.3%)
Others reported inour files..................... 240 212 | 28(11.69%)

312 278 | 34(10.8%)

e s
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In our own cases and the cases seen in consultation and in the
cases reported in the literature. Also, those reported in the
literature may be further compared with those we have received
from elsewhere but never reported in detail. From these fig-
ures, it is evident that the cases we have treated or the cases
sent us for analysis and inclusion in our statistics have not been
given any special consideration for statistical purposes. Neither
the cases treated by us nor those analyzed by us have shown
as low mortality or morbidity rates as those treated elsewhere
and reported by others.

InFLUENGE oF TyPES oF CasEs oN MORTALITY

Our first report on x-ray treatment included two fatal cases
of trunk involvement and six of involvement of the extremities
with recovery. Owing to the use of adequate kilovoltage in
treating eases of trunk involvement since that report, it is no
longer necessary to divide cases into these two groups, but the
continued high mortality in the diabetic and arteriosclerotic
groups as compared with the post-traumatic group necessitates
a division into those three groups at this time (Fig. 16).

A separate group for cases following hypodermic injection
may also be necessary as more of them are reported. Because of
the inereased morbidity in cases receiving combined sulfanila-
mide and x-ray therapy, it is also well to place those cases in
a separate group.

Diabetic patients who receive serum also have so much higher
mortality than diabetic patients who receive no serum that it
may be advisable to group them separately until the status
of the use of serum in diabetic patients is established.

In the foregoing discussion, the reduction in mortality rate
for all cases of gas bacillus infection receiving x-ray therapy
is quite evident. But further analysis- of these cases reveals still
other factors entering into the mortality rates, and these are
discussed briefly. .

A. Types of Cases—1. Post-traumatic, Diabetic, Arterio-
selerotic. 'When patients develop gas gangrene after trauma
or as a complication of arteriosclerotic gangrene, a great dif-
ference in the mortality rate is apparent, as shown by the
analysis of 408 cases up to May, 1940 (Fig. 16). The use of
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cause of death and occurs in the first week. When death occurs
later because of infection, it is usually due to the secondary
organisms. The toxic action on the heart and other important
viscera makes one especially eager to control gas gangrene at the
start, before the toxic damage to these organs becomes over-
whelming.

Pasternack and Bengtson have proved that vital organs,
especially the heart, are severely damaged early during toxemia
of Vibrio septique infection. Others, among them Williams,
have shown that the toxin of B. welchii also affects the major
viscera. Since it is obvious that the patient does not die of local
necrosis or dies before any amount of necrosis oceurs at any
place, some other reason besides the local action of the organisms
must be the cause of death. Toxemia is generally agreed to be
that cause, and therefore the toxemia should be the center of
therapeutic attack in the early stages of the disease.

E. X-ray Technic—1. Inadequate Kilovoltage. In our first
series we learned that kilovoltage adequate to penetrate all the
diseased tissues was necessary for recovery.

2. Wrong Space Factor. Treatments given too far apart,
i. e., every second day or so, are ineffective. At least one and
preferably two treatments daily are necessary if the best results
are to be obtained.

3. Failure to Include All Diseased Tissue. Since it is the
toxin which kills the patient, neglect of an area of infected
tissue means that toxin continues to be formed in that area,
and failure will quite likely be the result.

4. Delay in Starting Treatment. Many patients die a few
hours after receiving their only x-ray treatment. In view of -
what is known, it seems that any patient with gas bacillus infee-
tion is entitled to x-ray therapy as soon as the diagnosis is rea-
sonably certain. If the patients who received only one x-ray
treatment, which we consider inadequate, were excluded from
our mortality statistics, the mortality rate would be extremely
low. The value of early and repeated treatments is emphasized
by the data contained in Table 11.

All of the foregoing experimental data and clinical observa-
tions emphasize the importance of early treatment. Patients
treated so late in the disease that they only lived long enough
to receive one treatment inereased the mortality in that group
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to 50 per cent. Those who were treated early and received three
or more treatments at 12 hour intervals had a mortality of about
5 per cent. In other words, early treatment increases the pa-
tient’s chance of recovery 10 times. With this difference in
results, it is poor practice to withhold x-ray therapy while wait-
ing for a positive diagnosis or to see what some unproved proce-
dure may accomplish. This point is discussed under mortality to
discourage physicians from including in their therapeutic pro-
cedures any eleventh-hour use of the x-ray and then asserting
that x-ray therapy failed. The figures show that it is only one-
tenth as efficient under those circumstances. If x-ray therapy
is to be used, it should be given a chance in the early stages
of the disease.

The help given the patient in the early stages of the infec-
tion by neutralizing the toxemia is an essential feature of the
treatment. If the action of the toxin follows the “all or none
law,” it seems only reasonable to use any measure which tends
to minimize the effect of the toxin, and clinical experience jus-
tifles one in believing that x-rays are definitely antitoxic. X-ray
therapy is therefore indicated during the immediate post-trau-
matic period. Three days seems, from experience, to be the
correct length of time to use the procedure (see incubation
period, p. 199-201).

TABLE 11
REsuLTS OF X-RAY THERAPY IN Post-TrAUMATIC CASES

| Txeatuzwr | 2 Treamwests | Trovraion | vl REAT
Cases......... 29 38 288 9
Died.......... 14 11 17 0
Mortality . . . .. 48.279, 28.949, 5.909

From Pasternack and Bengtson’s work, one may also conclude
that antitoxic measures used early are most effective. They
stated :

It appears that if the animal can withstand the first shoeck of the
toxin, it may live for a considerable length of time. The distinetion
between a dose which is fatal and one which is not, is very clear cut,
i. e, all animals which show symptoms succumb sooner or later while
those which survive, never show symptoms or any late effects.
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Lautenschliger and Straub made the following observation :

If the toxin were injected over a much more extended period of time,
the results were quite different. A quick injection of 0.03 cubic centi-
meters of toxin was fatal to a rabbit in 30 seconds, while six times that
amount given slowly in the course of 100 minutes were borne without
any reaction, aceording to blood pressure tracings, and was not fatal
to the animal.

F. Use of Serum.—When x-rays are used properly, no type of
cases seems to do any better with serum than without it, and
in some types the mortality is increased when serum is used.

The few cases available for statistical analysis (Fig. 25)
show that when x-rays are used, serum may well be omitted in the
diabetic group. Because of the small number of cases, final con-
clusions cannot be drawn.

One might also be justified in eliminating serum from the
treatment of arteriosclerotic patients. Practically all die when
serum is used ; therefore it would be difficult to increase the mor-
tality. It seems that something new and different is indicated in
their management, and the mortality might be lowered by with-
holding this source of added toxemia. '

It is our impression that children also have a more difficult
time with serum therapy particularly if a large amount is given.
In other words, the use of serum is contraindicated in both the
young and the old, and we have no evidence that it has been
necessary in any case if x-rays were used.

Many patients who have failed to respond to serum have
responded promptly to the x-rays, but in no case has any patient
who has failed to respond to x-rays responded later to serum.

G. Use of Sulfanilamide—From our own experience and
from a review of the literature, we feel that the action of x-rays
is inhibited by the simultaneous use of sulfanilamide. Although
the mortality was not increased in the gas bacillus infection
group, the intensity of the gangrenous features of the disease
appeared to be increased, or at least a higher number of ampu-
tations was necessary than was the case otherwise.

Multiple amputations were necessary in at least three cases
treated early with the combination in our own immediate vicin-
ity. This is not the usual result if x-rays are used at a time
when it seems that no amputation whatever will be required (see
sulfanilamide, Chapter XXII).
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H. Secondary Infections—1. Tetanus. The almost certain
means of prevention of tetanus is the administration of an ade-
quate dose of potent tetanus antitoxin. X-rays as used to prevent
the development of a gas bacillus infection will not prevent
the development of tetanus. In all cases, give tetanus antitoxin ;
and in all cases in which one ordinarily gives tetanus antitoxin,
give a prophylactic dose of x-rays to prevent gas gangrene once
a day for three days. It is considered poor practice to permit
tetanus to develop; through the use of x-rays we hope soon to
eliminate gas gangrene entirely. It is too early to say at this
time what the use of toxoid will do in the prevention of tetanus.
It may do as well as tetanus antitoxin, but until it is proved,
tetanus antitoxin should be used. .

2. Hemolytic Streptococcus. This has been the cause of death
in at least 1 per cent of the cases we have analyzed. The organ-
ism persists after the gas bacillus infection has cleared and
involves major viscera to cause death. .

3. Other Organisms. It is probable that many other organ-
Isms remain as secondary invaders to give rise to increased
morbidity—osteomyelitis, for instance—if not increased mor-
tality.

SuMMARY

As stated in the opening comment on mortality, there is little
evidence of any consistent reduction in mortality fieures for
this disease from the time of Hippocrates until x-rays were used
in its treatment. With the aid of x-rays, however, many phys-
icians have been able to improve their results (Tables 7 and 8).
This improvement has been consistent, with one exception (Cole-
man-Bennett'®)., Therefore it seems that the mortality from gas
bacillus infection complicating trauma should be in the immedi-
- ate neighborhood of 10 per cent and not 40 to 50 per cent, as
has been the recognized level of mortality through the past
centuries.

A mortality rate of 10 per cent is low, but this rate is no longer
the only criterion of successful treatment. The limbs lost by
unnecessary amputations must be considered in any report on
the therapeutic management of gas bacillus infection. The stage
of the disease in which x-ray treatments are started and whether
or not the chemotherapeutic group of drugs are used are also
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important items in any report. X-ray therapy adequately given
has placed gas bacillus infection in the low morbidity-low mor-
tality group of diseases. It is no longer one of the diseases in
which experimental therapy on man is justifiable.

In final analysis, only the exceptional patient dies of gas
bacillus infection alone if treated with x-rays according to direc-
tions. If death occurs following early and adequate treatment,
there is generally sufficient evidence of death from causes other
than the gas bacillus infection. When one considers the type
of patient, either severely injured, senile or debilitated, who
develops gas bacillus infection, one realizes that in the primary
disease or injury without the complication of gas gangrene, there
exists a variety of conditions which in themselves will cause
death in 3 to 7 per cent of all cases.



