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REVIEW OF 8,000 CASES OF PNEUMONIA ADMITTED TO
DUDLEY ROAD HOSPITAL, BIRMINGHAM (1934-38 AND 1944-48)

BY

VERA NORRIS
From the Department of Medical Statistics, University ofBirmingham, and Birmingham Regional Hospital Board*

1, INTRODUCTION
This study was initiated primarily to discover

what use could be made of routine medical records
kept in a large general hospital. The Dudley Road
Hospital, Birmingham, has for many years main-
tained a diagnostic index which records the following
facts for each discharge or death: diagnosis, age, sex,
dates of admissiort and discharge, complications,
disposal, and case reference number. Attention was
focused on admissions referable to pneumonia
because it is one of the commonest reasons for
hospital admission, and methods of treatment have
changed dramatically during the past 15 years. The
inquiry takes within its scope records of two quin-
quennia, 1934-38 and 1944 48; these were chosen
because:

(a) sulphonamide therapy was not yet in general
use during the first period;

(b) singly or jointly, drugs of the sulphonamide
group and antibiotics had become the standard
treatment for cases of this sort during the
second period.

The ensuing study is not in the fullest sense of the
term a "clinical trial" since it was not feasible to
ensure matching of cases with regard to conditions
relevant, or possibly relevant, to treatment efficacy.
None the less, it shduld be illuminating if only as a
historical review of the treatment of the pneumonia
over the last two decades. The historical control
(Hill, 1951; Hogben and Wrighton, 1952) has
admittedly and rightly been a target of criticism; but
it may happen to be the only method of comparison
feasible in a field in which ethical as well as practical
difficulties beset the theoretically desirable task of
subjecting the use of every new drug to a rigorously
controlled experiment. Such difficulties are often
surmountable when a new drug is available at first
only in very small quantities. In such a situation,
selection of test cases is inevitable, and the dictates
of the ideally controlled clinical trial confront the

*Now at the Institute ofPsychiatry, University ofLondon, Maudsley
Hospital, London.

doctor with no dilemma; but the professional code
of the physician can accommodate them less
congenially if a drug of reputedly life-saving
qualities is initially obtainable in adequate supply.
However defective the historical method may be, it
is still the only one available for assessment of the
value of therapies already included in the physician's
armamentarium before current standards with
regard to the conduct of clinical trials had been
accepted; and in that context it has a limited use-
fulness if applied with judicious recognition of its
shortcomings. Its shortcomings are indeed formi-
dable, when the topic involves the infections.
Comparison of therapies referable to two eras is
open to the particular objection that the virulence of
the infecting micro-organisms is known to be
variable. Until the advent of the sulphonamides,
the annual case mortality from lobar pneumonia
varied between 20 and 30 per cent. or an even higher
figure (Cecil, 1940).

Since the introduction of sulphonamide therapy
for pneumonia there have been numerous small
scale surveys of treated cases, including those
of Evans and Gaisford (1938), Flippin and others
(1943), Kraus (1947), and Lewis (1948). In addition,
Stahle (1942) hat made a large survey of 15,000 cases
in American hospitals. What follows is a comparable
study of the experience of an English hospital. Our
yardsticks of treatment efficacy are:

(a) case mortality rates;
(b) average duration of stay in hospital;
(c) incidence of empyema.

The treatment procedures examined are the
various sulpha-drugs and antibiotics. The diagnostic
index, mentioned earlier, provided source material
for a pilot survey to ascertain information about
criteria of treatment efficacy and also about the
relevant age and sex distributions of cases. The
number of admissions for pneumonia in the 10 years
selected was 8,109, and recourse to punch-card
machinery made the analysis of the results referable
to so large a sample practicable. The same
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RESULTS OF MODERN TRE

machinery tabulated total figures for duration of stay
for each sub-class of cases. In the pilot survey it was
not possible to analyse the data by treatment, since
the diagnostic index does not specify the therapy;
but the outcome, embodied in Tables I to VI, is at
least suggestive, if only by disclosing striking
differences between hospitalization ofpneumonias in
the 1930s and in the 1940s.

2. RESULTS OF THE PILOT SURVEY
In age groups other than those of children less

than 10 years old, there was a notable reduction of
case mortality associated with lobar pneumonia in
the 1940s (Table I); and the differences are too great
to be due to chance if we adopt current standards of
significance (P<0 -0001). Contrariwise, there was no
great reduction of mortality associated with broncho-
pneumonia. Indeed, in some instances, the mortality
rates in the second period were higher than in the
1930s. The only noteworthy exception to the
preceding statement is that reduction in the mortality
rate forwomen aged 60 or morewas highly significant.

TABLE I
MORTALITY RATES AMONG HOSPITALIZED CASES

1934-38 1944-48
Type
of Age No. Mor- No. Mor-

Disease Sex Group of tality of tality
Cases per Cases per

cent. cent.

Under 10 407 3-9 598 3-7
Male 10-39 846 16-0 439 3-0

40-59 450 39-1 442 15-4
60 and over 102 60*8 248 28-2

Lobar All ages 1,805 21-6 1,727 10*0
Pneumonia

Under 10 235 6-8 485 10-7
Female 10-39 365 14-2 327 3-4

40-59 175 31-4 190 6-8
60 and over 83 69-9 135 18-5

All ages 858 21-1 1,137 8*9

Under 10 594 23*7 240 30*0
Male 10-39 144 31-2 25 44-0

40-59 216 52-3 69 50-7
60 and over 124 73-4 60 61-7

All ages 1,078 36-2 394 39*3
Broncho- ,
pneumonia Under 10 506 22-1 207 22-2

Female 10-39 76 23-7 25 20Q0
40-59 111 41-4 34 35-3
60 and over 92 65-2 59 44- 1

All ages 785 30-1 325 27-4

Duration of stay in hospital (Tables II and III)
was separately calculated for non-fatal cases,
uncomplicated and complicated. The fatal cases
were excluded, because seriously ill patients often
died on the day of admission or shortly afterwards,
whence a group with a high mortality might give a
falsely favourable average stay. The duration of stay
for patients in each age group, except the over-60's
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and for both lobar and broncho-pneumonia, was
very much lower in the period 1944 48 than in
1934-38. The average difference for men suffering
from lobar pneumonia was 3 - 8 days and for women
6 * 2 days; the difference for males and females
suffering from broncho-pneumonia was 5 days.
These differences were highly significant, the proba-
bility that they would occur in random sampling
being less than 1 in 10,000: For men and women
over 60 suffering from lobar pneumonia, the differ-
ence was not statistically significant. Duration of
stay for non-fatal cases of lobar pneumonia with
complications fell by almost 50 per cent. in the
period here dealt with. For broncho-pneumonia

TABLE II
DURATION OF STAY IN HOSPITAL OF UNCOMPLICATED

NON-FATAL CASES

1934-38 1944-48
Type
of Sex Age No. Average No. Average

Disease Group of Stay of Stay
Cases* (days) Cases (days)

Under
10 342 20-76 496 15*44

10-19 212 18 60 114 18-39
20-29 206 20*32 104 15 65
30-39 218 21-98 164 17-60
40-49 152 23-15 172 18-57

Male 50-59 89 23*94 137 20*77
60 and
over 35 27-71 131 20-69

All
Lobar ages 1,254 21*24 1,318 17-47
Pneumonia Under

Under
10 183 21-47 378 14-32

10-19 103 19-96 75 16-40
20-29 87 22-24 95 14-56
30-39 91 21-14 100 17-00
40-49 61 26*44 65 18-34

Female 50-59 37 24-13 68 18-46
60 and
over 24 29-46 87 20-10

All
ages 586 22-28 868 16-04

Under
10 372 22-9 137 15*7

Male All
Broncho- ages 539 22-5 179 17-4
pneumonia

Under
10 337 21-8 127 16-6

Female All
ages 439 22-6 171 17*4

TABLE III
DURATION OF STAY (IN DAYS) IN HOSPITAL OF

NON-FATAL CASES WITH COMPLICATIONS

Type 1934-38 1944-48
of Sex

Disease No. of Average No. of Average
Cases Stay Cases Stay

Lobar Male 177 53-2 237 28-7
Pneumonia

Female 79 55-7 167 30-8

Broncho- Male i 153 36-7 60 24-2
pneumonia

Female 108 35-4 66 23-4
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VERA NORRIS

the reduction was to the one-third level. We may
regard both differences as highly significant in the
customary sense of the term.

Percentage incidence of complicated cases was also
a subject of comparison for the same two periods.
For the purposes of the pilot study we define as
complications any conditions likely to affect adversely
the average duration of stay or the case fatality
rates. Therefore complications directly attributable
to the pneumonias and concomitant conditions, such
as chronic bronchitis, heart disease, fibrosis of the
lungs, and so on, were both included. The incidence
of complications for all types of cases (Table IV)
rose slightly during the second period; and the
difference is statistically significant for males
suffering from lobar pneumonia, a circumstance
which suggests that favourable results in the second
quinquennium were not due to admission of cases
less serious than those admitted in the preceding one.
Indeed, it is likely that in the second period, only the
more seriouisly ill patients were admitted to hospital,
because the introduction of sulpha-drugs had made
it possible for the general practitioner to treat the
mild cases in their own homes with more assurance;
the two age distributions reinforce this suggestion.

TABLE IV
INCIDENCE OF COMPLICATIONS

1934-38 1944-48
Type
of Sex No fCompli-N.o Cormpli-

Disease Caseso cationsNCases cationsCsspercent. Csspercent.
Lobar Male 1,805 14 0 1,727 17 6
Pneumonia

Female 858 15*7 1,137 18-3

Broncho- Male 1,078 32-0 394 34-0
pneumonia

Female 785 28 7 325 30 1

Considerable differences between the age distribu-
tions of cases distinguish these two periods (Table V).
In 1944-48, there is a higher proportion of persons
in the age groups under 10 and 60 and over, and the
differences are highly significant (P<0 0001). Since

pneumonia is apt to be more formidable in these
age groups, we might expect ceteris paribus more
unfavourable results in the second than in the first
period.
The incidence of empyema as a complication of

lobar pneumonia (Table VI) fell from 4-4 per cent.
in the first period to 0 8 per cent. in the second, a
highly significant difference. Cecil (1940) cites for
pneumococcal pnuemonia treated in the Bellevue
Hospital, New York, an empyema incidence of
5-1 per cent. before the introduction of sulpha-
drugs. In the cases which this survey covers, the
incidence of empyema associated with broncho-
pneumonia was 1 2 per cent. in the earlier group;
and there was no case with empyema recorded in the
second period.

TABLE VI
INCIDENCE OF EMPYEMA

1934-38 1944-48
Type of
Disease No. of Per cent. No. of Per cent.

Cases Empyema Cases Empyema

Lobar
Pneumonia 2,663 4-4 2,864 0| 8

Broncho-
pneumonia 1,863 1 2 719

While it is not unreasonable to attribute remark-
ably favourable results in the second period to the
effect of modern therapies including both sulphona-
mides and anti-biotics, it would not be justifiable to
proffer the results of this preliminary study as
conclusive evidence to that effect; but the results
encouraged the hope that it might well be profitable
to bring within the scope of the enquiry more
specific information about the relative merits of the
several therapies employed. This involved inspection
of the individual case records. In view of the
additional labour entailed, it was necessary to curtail
the size of the sample by dealing only with admissions
in the years 1934, 1936, and 1938 (hereafter
designated Period A), and 1944, 1946, and 1948
(Period B).

TABLE V
PERCENTAGE AGE DISTRIBUTION OF CASES

I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Males

Disease
Under 10 10-39

Lobar 1934-38 22-6 46-9
Pneumonia I

1944-48 34-6 25-4

Broncho- 1934-3 55-1 13-4
pneumonia -

1944-48 60-9 6-3

Type Females
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RESULTS OF MODERN TREATMENT OF PNEUMONIA

3. EXAMINATION OF INDIVIDUAL CASE RECORDS
By reference to the diagnostic index, the case notes

appropriate to each case of pneumonia were sum-
marized on a form suitably designed for punch card
analysis. From perusal of the case records, it was
not always possible to complete the form entirely.
In a high proportion of cases (80 per cent.), there
was no information about whether the patient had
received any sulpha-drugs or penicillin before
admission; but, in Period B, 248 cases of lobar
pneumonia, 45 cases of broncho-pneumonia, and
eight cases of pneumonia not otherwise specified had
explicitly received some form of specific treatment
before admission. Unfortunately likewise, informa-
tion with respect to drug reactions was scanty. The
case records show that four males out of 309 treated
with sulphapyridine in Period A had toxic reactions
interfering with the course of therapy (two anaphyl-
axis, two toxic cyanosis), and that four females out
of 162 treated with this drug also had reactions
(two anaphylaxis, one toxic cyanosis, one severe
vomiting). Of those patients in Period B treated
with sulpha-drugs, eleven males out of 766 had
reactions recorded (nine anaphylaxis, one severe
vomiting, one other), and three females out of 463
(all anaphylaxis). Two males receiving penicillin
suffered from anaphylaxis, but no women had
reactions to this drug. Of males treated with both
penicillin and sulpha-drugs only one had an
anaphylactic reaction, but seven females reacted
unfavourably (two anaphylaxis, one drug fever, one
renal symptoms, one agranulocytosis, one other).
It is not possible to say with confidence that the
above include all the patients who reacted unfavour-
ably to treatment. On the contrary, it is likely that
some such went unrecorded. Gaisford (1939) noted
that there were few serious complications in his
series of 400 cases treated by sulphapyridine.
Inspection of the temperature chart was undertaken
whenever this -document was filed with the case

record. A sudden drop of temperature was defined
as a drop of at least 2 degrees in 24 hours. In the
detailed study a distinction was made between
concurrent conditions (i.e. conditions co-existing
with pneumonia and often present before its onset)
and complications (i.e. conditions arising as a result
of pathological changes due to pneumonia).
Table VII shows the types of pneumonia cases

admitted in the two periods. In both there was a
preponderance of lobar pneumonia. The proportion
of broncho-pneumonia decreased considerably in
Period B; but it is probable that many cases of
secondary broncho-pneumonia were listed in the
index under the designation of the condition for
which they were first admitted to hospital, and are
hence not included in what follows. We here deal
only with cases specified as such in the diagnostic
index under code numbers 490-493 (International
Statistical Classification, 1948).
Treatments Adopted.-The treatments adopted
for all types of pneumonia are shown by year in
Table VIII (overleaf). The Dudley Road Hospital
adopted sulphapyridine treatment at an early date,
and two medical consultants made a clinical trial in
which the efficacy of this drug was assessed (Evans
and Gaisford, 1938). They found that the case
mortality of lobar pneumonia treated with sulpha-
pyridine was 8 per cent. as against 27 per cent. for
a matched control group observed at the same time.
Among 100 patients treated, sixty had a sharp drop
of temperature within 48 hrs, whereas this happened
in only 34 of the same number of controls; the
difference, 26 per cent., is highly significant (standard
error 3 5 per cent., P<0-0001). These authors did
not compare the incidence of complications or the
duration of stay for treated and control patients, but
the writer has since obtained some relevant informa-
tion to be considered later.

In spite of the spectacular effect of sulphapyridine
in the treatment of lobar pneumonia, this drug was

TABLE VII
DISTRIBUTION OF ADMISSIONS BY DIAGNOSIS

1934, 1936, 1938 1944, 1946, 1948

Diagnosis Males Females Males Females

No. Per cent. No. Per cent. No. Per cent. No. Per cent.

Typed 97 5*3 44 4-3 10 0-8 8 1-0
Lobar pneumonia

Untyped 949 50*9 432 42-1 996 76-8 564 69-6

Primary 628 33*7 435 42-4 202 15*5 177 21*9
Broncho-pneumonia l l___l____

Secondary 64 3*5 56 5*4 37 2-9 24 3-0

Pneumonia (unspecified) .124 6-6 60 5 8 52 4 0 37 4.5

All Admissions .1,866 100-0 1,027 1 100-0 1,297 100 0 810 1100 0
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TABLE VIII
TREATMENT OF ALL CASES OF PNEUMONIA BY YEAR OF ADMISSION

Period A Period B

Therapy 1934 1936 1938 Total 1944 1946 1948 Total

Per Per Per Per Per Per Per Per
No. cent. No. cent. No. cent. No. cent. No. cent. No. cent. No. cent. No. cent.

No specific therapy 951 99-8 766 99 7 638 55-1 2,355 81-8 84 11-4 80 11-5 57 8-4 221 10-5
Sulphanilamide .. 6 0*8 6 0*3
Sulphapyridine .. 468 40 4 468 16*2 3 0*4 3 0*1
Sulphadiazine .. 83 11*3 53 7-6 136 6-5
Sulphathiazole .. 20 2-7 9 1*3 1 0*1 30 1*4
Sulphamezathine .. 514 69*8 379 54 5 161 24-0 1,054 50-1
Penicillin alone .. 61 8 *8 179 26-6 240 11*4
Penicillin and

sulpha-drugs .. 113 16-2 274 40*9 387 18*4
Other treatment .. 2 0*2 2 0*3 52 4-5 56 2-0 26 3 *6 1 0*1 27 1*3

All Admissions 953 100-0 768 100*0 1,158 100 0 2,879 100 0 736 100*0 696 100*0 672 100*0 2,104 100-0

TABLE IX
TREATMENT RELATED TO TYPE OF PNEUMONIA

Lobar Pneumonia Broncho-pneumonia Pneumonia (unspecified)

Therapy Period A Period B Period A Period B Period A Period B

Per Per Per Per Per Per
No. cent. No. cent. No. cent. No. cent. No. cent. No. cent.

No specific therapy.. 1,171 76-7 131 8*3 1,052 88 *9 68 15*4 145 78 * 8 22 24-8
Sulphapyridine .. 331 21*7 1 103 8*7 1 0*2 34 18*5 1 1*1
Sulphadiazine 118 7 5 17 3 9 1 1.1
Sulphamezathine .. 858 54*4 150 34*2 48 53*9
Other sulpha-drugs .. 21 1-3 15 3-4
Penicillin alone . . 148 9 4 85 19-3 7 7 9
Penicillin and sulpha-

drugs .. 285 18-1 95 21-6 8 9 0
Other treatment .. 24 1-6 16 1-0 28 2-4 9 2-0 5 2-7 2 2-2

All Admissions 1,526 100-0 1,578 100-0 1,183 100-0 440 100-0 184 100-0 89 100-0
_ _ _ _ _ _

soon superseded by others less toxic. In Period B,
sulphamezathine was the drug of choice, and was
used for over half of the cases. The years covered by
this study also saw the introduction of penicillin;
this was used to only a small extent in 1946, but in
1948, either alone or in conjunction with sulpha-
drugs, it was used in two-thirds of the cases. From
Table IX we see that penicillin was used for 41 per
cent. of the cases of broncho-pneumonia, but in only
27 - 5 per cent. of those of lobar pneumonia.
Although over 80 per cent. of patients treated with
sulpha-drugs suffered from lobar pneumonia, the
same is true of only 62 per cent. of the penicillin
group.

Age andSex Distribution.-An examination ofthe age
and sex distribution of the cases of the three types of
pneumonia, discloses a familiar age difference
between lobar and broncho-pneumonia. There is a
significant preponderance of females of less than 5
years of age over males in that group, but a sex
difference was not apparent among elderly people
aged over 65 years. For both sexes and for both
lobar and broncho-pneumonia there were signifi-
cantly higher proportions of the elderly in Period B

(P< -01) and for lobar pneumonia there was a
significant excess (P< -001) of patients under 5 years
old in Period B. We have seen (Section 2) that this
is suggestive. Since pneumonia is a more serious
illness at these ages, the age distribution biases the
sample in favour of more unfavourable results in
Period B.

Effect ofTreatment on Duration ofStay in Hospital.-
For a reason already stated, it is desirable to exclude
fatal cases when considering duration of stay. The
proportion of persons dying within 20 days varies
considerably (Table X, opposite). A great many
deaths occur on the day of admission and this will
obviously invalidate duration-of-stay figures from
which deaths are not excluded. When we exclude
deaths, we find that a much higher proportion of
males treated with sulphapyridine are discharged
within 20 days and that the difference is highly
significant. Among females, the excess of early
discharge among sulpha-treated patients is not
significant. In Period B we find that there are a
number of variations between the proportion of
early discharges in the diverse treatment groups.
Such differences are highly significant. It is not
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RESULTS OF MODERN TREATMENT OF PNEUMONIA

PROPORTION OF PATIENTS WHO DIED
TABLE X

OR WERE DISCHARGED WITHIN 20 DAYS OF ADMISSION

Total Deaths within 20 days Total Discharges within 20 days
Period Sex Therapy No. of No. of

Cases No. Per cent. Discharges No. Per cent.

Male No specific therapy 1,533 385 25-1 1,148 534 46-5
Sulphapyridine 209 29 13-9 280 171 61*1

A
Female No specific therapy . 838 184 22-0 654 293 44-8

Sulphapyridine 162 14 8 *6 148 77 52-0

No specific therapy 138 44 31 9 94 60 63*8
Sulpha-drugs 766 87 11*4 679 490 72-2

Male Penicillin alone 130 29 22-3 101 72 71-3
B

Penicillin and sulpha-drugs 245 43 17-6 242 122 50 .4
I__

No specific therapy 83 22 26-5 61 38 62- 3
Female Sulpha-drugs 465 14 3*0 451 357 79*2

Penicillin alone 110 33 30 0 77 51 66-2
Penicillin and sulpha-drugs 143 16 11-2 127 74 58-3

A 1,148 385 25l1 1,148 534 46 5
Male No specific therapy

B 138 44 31-9 94 60 63-8

A 838 184 22-0 654 293 44-8
Female No specific therapy

B 83 22 26-5 61 38 62*3

surprising to find that persons receiving both
penicillin and sulpha-drugs have the lowest propor-
tion of early discharges, since it was common
practice to prescribe a second drug only after the
first one used had failed to improve the patient's
condition. Similarly, one would expect to find a
greater number of early discharges in Period B
among patients who received no specific treatment
than among such patients in Period A, since it is safe
to assume either of two possibilities with respect to
patients receiving no specific treatment in the latter
period: (a) they were not very sick;

(b) the diagnosis was in doubt.
Tables XI and XII show figures for average

duration of stay. Since the duration of stay of non-
fatal cases of pneumonia ranged from 2 or 3 days to
over 300 days, it is not surprising to find that there
are few differences between the means of various
groups, since a small number of cases with excessively

TABLE XI
AVERAGE DURATION OF STAY OF NON-FATAL

CASES OF LOBAR PNEUMONIA, 1938

No Specific Therapy Sulphapyridine
Age

Sex Group Mean Stay Mean Stay
n (days) n (days)

Under 10 29 22*9±3 * 30 48 22*3 +3 *59
10-39.. 78 19*8±194 97 23 9±1*96

Male 40-59.. 30 24*4±2*94 54 27*8±2*55
60 and

over 5 24-6±5*20 7 39-4±17*60

Under 10 18 23-3±4-17 27 25 5±3 59
10-39.. 36 20-4±1 56 47 29-4±4-92

Female 40-59.. 14 28*3+6-11 17 28 *8±4*26
60 and

over 4 16-7±4-39 6 21-7±3 03

long durations would bias adversely the average
stay figures. In the pilot study, it was possible to
deal separately with complicated and uncomplicated
cases. Since the cases with a very long stay usually
suffered from some complication (notably empyema),
the range of uncomplicated cases was not so extreme.
In many ways, therefore, the preceding comparison
between proportions of early discharges is a better
guide to comparative duration of stay figures than
the average stay. Table XI exhibits a comparison of
the average stay of sulphapyridine-treated cases of
lobar pneumonia in 1938, and that of others who
received no specific treatment. There are no signifi-
cant differences for any of the age and sex groups
examined. Table XII shows the average stay of
non-fatal cases of lobar pneumonia treated by
various drugs in Period B. An examination of the
differences between therapies was made by recourse
to the analysis of variance. For several groups the

6 TABLE XII
COMPARISON OF THE AVERAGE DURATION OF STAY

(IN DAYS) OF NON-FATAL CASES OF LOBAR
PNEUMONIA IN PERIOD B

Penicillin
Sex Age Sulpha- Sulpha- Penicillin and

Group methazine diazine alone Sulpha-
drugs

Under 10 16-1 15-7 17-4 16-5
10-39.. 18-7 17-3 21 9 18-6

Male 40-59.. 20-2 24-2 22-3 22-2
60 and

over 19*3 24-5 16-0 29*5

Under 10 15-6 12 7 13-6 19-7
10-39.. 16-7 15 5 17-6 16 3

Female 40-59.. 17-5 13*6 28-0 24-4
60 and

over 17*5 24-7 22*5 24*5
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VERA NORRIS

within-sample variation is so great as to overshadow
any between-sample variation. Among males over
60 years the duration of stay of penicillin-treated
cases is lower than in any other group; sulpha-
mezathine-treated cases record the next most
favourable result, and the between-sample variation
is significantly large. Two female age groups, 10-39
and 40-59 years, show significantly large between-
sample variations. In each of these, sulphadiazine-
treated patients have the shortest stay and sulpha-
mezathine gives the next best result; but it is not
possible to interpret these differences with great
confidence, since it is likely that there was some
selection of patients for the various therapies; and
our crude figures throw no light on this possibility.

Comparison of Incidence of Complications between
Periods A and B.-For both lobar and broncho-
pneumonia the incidence of complications is higher
in the second period, but the types of complications
experienced are very different (Table XIII). In lobar
pneumonia the incidence of empyema dropped from
7 5 per cent. in Period A to 1 4 per cent. in Period B
and this difference is highly significant. The
incidence of pleurisy with and without effusion
was only 3-6 per cent. in Period A compared with
7 9 per cent. in Period B, and this difference too is
highly significant (X2=112, P<0-0001). If we
regard empyema and pleural effusion as stages in the
same pathological process, we can see whether or
not there is any difference in the incidence of
empyema and pleurisy together in the two periods.
During Period A, the two complications occur in
11 per cent. cases of lobar pneumonia and during
Period B in 9 * 3 per cent. cases; but the difference is
not significant (x2 =2 * 8, P> 0 05). It might thus seem

that modem therapy has had the effect of sterilizing
the fluids exuded into the pleural cavity rather than of
radically altering the pathological processes involved.
Another remarkable difference with respect to
experience of complications in the two periods is
that the incidence of meningitis associated with
broncho-pneumonia has fallen from 9 4 per cent.
in Period A to 3 * 6 per cent. in Period B (x2> 10 * 827,
P< *001).

Table XIV (opposite) shows the incidence ofcom-
plications in cases of lobar pneumonia in Period B.
The figures for individual complications are too
small to illustrate any statistically significant
differences. On the whole, penicillin-treated cases
are associated with a higher incidence of complica-
tions. It is true that patients admitted with complica-
tions might have been given penicillin in preference to
sulphamezathine; but this would hardly account for
the higher (albeit statistically insignificant) incidence
of empyema which must be a rare complication to
find on admission. The rates for patients treated with
both penicillin and sulpha-drugs are explicably
higher, since the inception of a complication is a
common enough indication for a changein treatment.
In all treatment groups together, males have a
significant preponderance of complicated cases over
females. In the sulphamezathine- and penicillin-
treated groups, males have an excess of complica-
tions, but in the group of patients receiving both
penicillin and sulpha-drugs females have an excess
of complications.

Temperature Reaction by Diagnosis and Period.-As
observed earlier by Evans and Gaisford (1938) there
was a highly significant excess in Period B of
patients whose temperature dropped suddenly

TABLE XIII
INCIDENCE OF DIFFERENT TYPES OF COMPLICATIONS IN PERIODS A AND B

Lobar Pneumonia Broncho-pneumonia Pneumonia (unspecified)
Period A Period B Period A Period B Period A Period B

Complication lI
Per Per Per Per Per Per

No. cent. No. cent. No. cent. No. cent. No. cent No. cent.

None 1,159 76-0 1,147 72*7 860 727 345 78 *4 115 62*5 67 75 * 3
Empyema without rib

resection 36 2*5 9 06 12 1*0 5 1*1 9 4 9 1 1*1
Empyema with rib . .

resection 77 5*0 12 08 14 1*2 - 21 114 1 1*1
Pleural effusion 37 2-5 99 6- 3 - - - - 5 2-7 2 2-2
Pleurisy without . .

effusion 17 1*1 25 1*6 5 0*4 7 1*6 3 1 6 - -
Delayed resolution 46 3 0 58 3 *7 9 08 2 04 5 2 7 3 3 *4
Atelectasis 1 - 34 2*0 32 2 7 5 14 - - - -
Otitis media 42 2-7 31 2-0 2 0*2 2 0*4 9 4-9 1 1*1
Meningitis 2 01 - 11 1 9*4 16 3 *6 1 05 - -
Others . . 109 7 1 163 10-3 138 11 6 58 13*2 16 8 * 8 14 15*8

All Complications . . 1,526 100-0 1,578 100-0 1,183 100 0 440 100-0 184 100-0 89 100 0
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TABLE XIV
INCIDENCE OF COMPLICATIONS OF LOBAR PNEUMONIA IN PERIOD B RELATED TO TREATMENT

Penicillin and
Sex Complications Sulphamezathine Penicillin alone Sulpha-drugs

No. Per cent. No. Per cent. No. Per cent.

None .. 436 78 2 47 61-0 115 63-2
Empyema (all cases)... 7 1-3 3 3 9 2 1-1
Pleurisy and pleural effusion 44 7-8 6 7-8 18 9.9

Male Delayed resolution .. 17 3 0 2 2-6 12 6-6
Atelectasis .. 7 1-3 6 7-8 7 3-8
Others .. 47 8 4 13 16-9 28 15-4

Total Treated Cases .558 100.0 77 100.0 182 100-0

None .. 249 84-1 42 65 7 49 50 5
Empyema (all cases)... - - 2 3-1 2 2-1
Pleurisy and pleural effusion 9 3-1 4 6-2 * 14 14-4

Female Delayed resolution .. 6 2-0 2 3-1 -
Atelectasis .. 4 1-3 3 4-7 4 4-2
Others ...28 9-5 11 17-2 28 28 8

Total Treated Cases .296 100.0 64 100.0 97 100-0

TABLE XV
TEMPERATURE DROP BY DIAGNOSIS AND PERIOD

Lobar Pneumonia Broncho-pneumonia Pneumonia (unspecified)
Sudden Drop Of Period A Period B Period A Period B Period A Period B
Temperature

Per Per Per Per Per Per
No. cent. No. cent. No. cent. No. cent. No. cent. No. cent.

No sudden drop .. 437 28-6 309 19-6 395 33 4 175 39 8 55 29-9 29 32 6
Within 1 day .. .. 178 11-7 376 23-8 108 9-2 89 20-2 25 13-6 23 25-8
Within 2days.. .. 204 13-4 378 23-8 78 6-6 47 10-7 17 9 2 15 16-8
Within 4days.. .. 239 15-7 200 12-6 94 7 9 19 4-3 23 12-5 6 6-7
Within 6days.. .. 116 7-6 53 3 6 55 4-6 5 1.1 4 2-2 1 1-2
Within 7or more days 37 2-4 25 1-6 29 2-5 4 0.9 2 1-1 - -
Not specified . .. 315 20-6 237 15-0 424 35-8 101 23 0 58 31-5 15 16-9

All Admissions .. 1,526 100-0 1,578 100-0 1,183 100-0 440 100-0 184 100-0 89 100.0

TABLE XVI
MORTALITY RATES (M.R.) IN CASES OF LOBAR PNEUMONIA

Age of Patient (years)
Period Therapy Under 10 10-39 40-59 60 and over

No. of M.R. No. of M.R. No. of M.R. No. of M.R.
Cases per cent. Cases per cent. Cases per cent. Cases per cent.

Sulphapyridine . .. 50 4-0 98 1-0 60 10.0 14 50-0
1938 No specific treatment .. 30 3.-3 94 17-0 59 49-1 18 28 0

Total Cases . 80 3-7 192 8 9 119 29 6 32 37-5

Sulphamezathine . .. 281 3 2 269 1-1 200 8-5 104 22-1
Penicillin alone 60..60 3 30 3-3 26 19.2 25 36-0

Period B Penicillin and sulpha-drugs. 115 5 2 70 5-7 59 16-9 35 25 7

Total Cases . 456 4-4 369 2-2 285 11-2 164 25 0

within 48 hrs (Table XV). There was also in Period A
a higher proportion of patients with lobar pneu-
monia who had no sudden drop in temperature.
The differences exhibited in Table XV are highly
significant. For both lobar pneumonia and broncho-
pneumonia X2=213, P<0 00001.

Case Mortality Rates of Lobar Pneumonia by Treat-

ment and Age.-Table XVI shows age-specific case

mortality rates. Among patients admitted in 1938
between the ages of 10 and 59 years there was a
great reduction in mortality in the group treated
with sulphapyridine. For untreated cases, the case
mortality for those aged 10-39 years was 16 per cent.
higher than for treated cases. The difference was
39 per cent. in patients aged 40-59 years. Both these
differences are highly significant. There was no
significant difference between mortality rates of
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TABLE XVII
AGE AND SEX DISTRIBUTION OF DEATHS AMONG CASES OF LOBAR PNEUMONIA IN PERIOD B

Age of Patient (years)

Sex Therapy Under 10 10-39 40-59 60 and over

No. of M.R. No. of M.R. No. of M.R. No. of M.R.
Cases per cent. Cases per cent. Cases per cent. Cases per cent.

Sulphamezathine . .. 168 4 -2 174 1 *1 144 13 *9 72 26 5
Penicillin alone .. .. 31 6-4 16 - 13 23 0 17 41 2

Male Penicillin a,d sulpha-drugs .. 74 5 *4 45 6-7 39 23 0 24 16 7
Others .. .. .. 16 6-2 19 10-5 25 20-0 4 50.0

Total Cases .. . 289 4 - 8 254 2 7 221 16 7 117 27 3

Sulphamezathine .. 113 1*8 95 1*6 56 8 *9 32 12 5
Penicillin alone .. 29 10-8 14 7-1 13 15 4 8 25 0
Penicillin 8nd sulpha-drugs 41 4-9 25 4-0 20 5 0 11 45 5

Female Others . . . 17 - 24 - 4

Total Cases..200 3 5 158 119 98 9-2 55 20-0

treated and untreated patients aged less than 10
years or over 60 years. In.Period B the case mortality
rates for each of three treatment groups have been
compared, and in each group sulphamezathine has
the lowest mortality. Except for the age group
10-39 years, cases treated with penicillin alone
had the highest mortality; but such differences are
not statistically significant. In each age group the
lobar pneumonia case mortality rate was higher for
males than for females, but the differences were not
large enough to be statistically significant.

Table XVII exhibits in greater detail mortality
rates for lobar pneumonia in Period B. In each age
group, males have a higher mortality rate than
females. While none of these differences is large
enough to be statistically significant, the trend is
consistent. Similarly, we find that the mortality
rates among lobar pneumonia cases treated with
penicillin are greater than those treated witl
suphamezathine for all female age groups and for
three out of four male age groups. Again, the
differences in each age and sex group are too small
to be significant; but the chance of getting seven out
of eight results all pointing in the same direction is
only 1 in 28, so that these results do suggest that
penicillin-treated cases have a higher mortality than
sulpha-treated cases. To what extent this may be due
to selection of cases it is not possible to tell from the
present study.

4. CONCLUSIONS
From this survey of patients admitted to hospital

with lobar pneumonia it is admissible to infer that
considerable advantages resulted from the use of
sulphonamides and penicillin. In particular, the
much lower mortality and empyema rates are
challenging; but the shorter duration of stay in
hospital is also noteworthy. Even now, many
patients do not get full pay while off work on account

of sickness, and a saving of several days is therefore
of considerable economic benefit to the patient.
From the viewpoint of the hospital service, the saving
in bed-days is likewise by no means trivial.

If over 300 males and 200 females with lobar
pneumonia annually receive treatment in Dudley
Road Hospital, then the reduction in duration of
stay is expressible as about 2,500 bed-days.

This means setting free, in this one hospital alone in
the course of a single year, an average of seven beds
for the treatment of other sickness. Presumably,
therefore the introduction of modern therapies for
pneumonia has greatly increased hospital facilities
in England and Wales during the past two decades.

In a study such as this, it is not permissible to
adjudicate upon the relative efficacy of the various
drugs now used for treatment of the pneumonias.
On the basis of such crude data, it is possible to
testify with confidence only to the beneficial effects
of the new therapies considered as a whole. With
that reservation, the differences between hospital
admissions in the 1930s and in the 1940s here
demonstrated are so large as to leave little reasonable
doubt that they are due to the availability of more
efficient treatment in the second period. If one
concedes the possibility that the differences might be
partly due to changes in the virulence of pneumonia,
one would expect that the clinical picture of the
pneumonias would also have changed recognizably;
but there is no shred of evidence in the data of this
or of other studies to support such a contention.

Tentatively, our data tempt us to suggest as a theme
for further inquiry the possible differences between
the efficacy of sulphonamides and penicillin. They
have indeed disclosed a differential response of the
sexes to treatment. Thus females, in particular, did
not respond so favourably to penicillin as to sulpha-
drugs; but one must admit the possible existence of
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RESULTS OF MODERN TREATMENT OF PNEUMONIA

a policy of releasing penicillin more freely for male
patients, and restricting its allocation for the more
seriously ill among females. Unless this is true, and
it seems in fact unlikely, one must conclude that
females react better to sulphonamides than to
penicillin. Again, there may have been a disposition
to restrict the prescription of penicillin to serious
cases, as may well have been true in 1946; but it is
less likely that this was so in 1948 when supplies of
penicillin were plentiful. If not, our data give no
support to the belief that penicillin-treated cases fare
better than sulphonamide-treated patients.
The conclusion last and tentatively stated is of

moment vis a vis the cost of treatment: that of a
course of sulphamezathine for an average case of
pneumonia being 7s. 8d. and that of a course of
penicillin being 18s. 1lid. In this connexion it is
interesting to cite the results of a clinical trial
conducted by the Medical Research Council (1951)
to assess three treatments for pneumonia: aureo-
mycin, chloramphenicol, and standard (i.e. penicillin
or sulphonamides), alone or in combination, and in
whatever dosage the physician prescribed. In fact,
only eight cases were found to have had sulphona-
mides alone. The different treatment groups were
similar with respect to sex, age, anatomical location
of the infection, day of illness admitted, temperature
on admission, and number regarded as desperately
ill on admission. The results, judged inter alia by
the time taken for temperature to fall or for physical
signs to disappear, and by length of stay in hospital,
led to the conclusion that:

for clinical pneumonia penicillin is at least as good
as aureomycin or chloramphenicol. There are
some indications that it may even be better.

This report cites the mean cost (as at September,
1951) of treatment with the three antibiotics as
£10 ls. 6d. for aureomycin, £8 15s. 1 ld. for chloram-
phenicol, and 18s. 1 lid. for penicillin. It is clear then
that the cost of treatments with closely similar
results can vary considerably. While it goes without
saying that some patients may respond better, or
only, to the more expensive drugs, in which event we
are likely to regard the cost as a matter of sub-
sidiary concern, we should be alert to the possibility
that greater expense does not necessarily connote
greater efficacy, if only because semi-educated public
opinion responds all too readily to the appeal of
rarity.

5. SuMMARY
(1) An assessment is made of the treatment

of pneumonias in a large General Hospital by
recourse to routine data incorporated in the general
diagnostic index and in individual case records of

the patients. It covers two quinquennia, one in the
1930s and one in the 1940s.

(2) Analysis of the data referable to over 8,000
patients in the diagnostic index shows that there was
a great reduction in:

(a) case mortality of lobar pneumonia;
(b) average duration of stay in hospital;
(c) incidence of empyema.

(3) A more detailed study based on a smaller
sample of individual case records refers to admissions
in the years 1934, 1936, 1938, and 1944, 1946, 1948.
Sulphapyridine was the only sulphonamide in use
duringthe earlier period, andacomparisonof patients
treated with it with patients who had no specific
treatment discloses a large reduction in case mortality
among treated cases. Among the former there was
also a higher proportion discharged within 20 days
of admission.

(4) In the later period, it is possible to compare
results of using sulphonamides and antibiotics.
Half the admissions in these three years were
treated with sulphamezathine and 30 per cent. with
penicillin either alone or in combination with a
sulphonamide. In the second period, the progress of
patients, as judged by mortality rates, duration of
stay, incidence of empyema, and sudden rapid fall of
temperature, was consistently much better than that
of patients admitted in the 1930s.

(5) On the basis of the three-fold criterion of
efficacy adopted, we can detect little difference
between males treated with sulphonamides and those
treated with penicillin; females seem to react more
favourably to sulphonamide treatment than to
penicillin.

(6) Reduction in the proportion of cases develop-
ing empyema in the second period was accompanied
by an increase in the incidence of pleurisy with or
without effusion.

(7) Since the introduction of sulphonamides and
penicillin for the treatment of the pneumonias, the
annual saving of bedspace in the hospital studied is
estimated at about 2,500 bed-days, or an average of
seven beds throughout the year.

I most gratefully acknowledge the courtesy ofDr. T. M.
Anderson, one time Medical Superintendent of Dudley
Road Hospital, who gave me facilities to study the case
records. I am indebted to the Birmingham Regional
Hospital Board who allowed me the use of their punch
card equipment to carry out the analysis of this study, and
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