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(1)

In 1938, the discovery of the antipneumocogcal
effects of sulphapyridine marked a real advance in the
treatment of pneumococcal pneumonia. lioreover, it seemed
that, in sulphonamides, scientists had at last discovered
the chemotherapeutic substance which they had been seeking
so long, namely a drug which hed a selective action on
bacteria with no seriously harmful effect on the human body
cells. |

Now in any evaluation of sulphonamides as a therapeutic
remedy it would sppear necessary to demonstrate not only
the effect ;f the drug on the immediate outcome of the disease,
but also its influence in stimulating or depressing the
body's defensive mechanism, that is, its effect upon the
host's response to the infection.

, In respect of the immediate outcome, the results of
sulphonamide chemotherapy have been carefully studied. The
most apparent benefit is the general reduction in the fatality
rate. Anderson and others, in the Glasgow report on
ﬁneumococcal pneumonia (1938-42), demonstrated that this
effect of the drug is in no way dependent on the typé of
the infecting organism. They found that, for the three
commonest types of pneumococcal ﬁneumonia, I, II, and III,
the fatality rates are ranged in the sawe order as in pre-~
sulphonamide days. Another beneficial feature of sulphonamide

treatment is that the clinical course of the disease during

the acute stage of the illness assumes s milder form, and
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does not correspond with older descriptions. Thus, in the great

majority of cases, there is a rapid disappearance of the
signs of toxaemisa. After twenty-four hours' treatment

the general condition of the patient is much improved: the
respirations have become easier, and the tongue is less
coated. In addition, by the end of this time, the
temperature is generally beginning to fall. A further
difference is seen in this subsidence of fever, for it is
now uncommon to see the typical crisis, which previously
was so characteristic of pneumonia.

These results certainly establish the value of
sulphonamides so far as the immediate effect of treatment is
concerned. When we turn to the other side of the picture,
namely the effects of sulphonamide on the body's response to
the infection, we find that very little investigation has
been performed. The effect of the drug on the actual
pathology of the pneumonic consolidation and the subsequent
progress of resolution has received scant attention outside
the Glasgow school. In this respect, the occurrence of
delayed resolution is of some importance. Clearly before
the introduction of the sulphonamides this complication was
of little moment. Thus, in ;8%9, McCrae from a study of
805 cases at Johns Hopkins Hospital, estimated the ocdurrence
of delayed resolution at 3.7 per cent. The Glasgow report
on pneumococcai pneumonia treatment by sulphonamides placed
the incidence much higher - at 28.6 per cent. over all age

groups, or in 19.8 per cent. of patients under 40 years of
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ege, and in 37.1 per cent. of those over 40 years of sge.

It thus seems that delayed resolution has increased since

the introduction of sulphonamides. Indeed, it is now the
commonest complication of lobar pneumonia.

Now, of course,sa treatment which saves life in a
deadly disease by maiming the causal organism must save some
patients whose chances but & few years ago were negligible,
and one might well expect such individuals to show a poor
response to the infection. Can this reason in itself
account for the increased incidence of delayed resolution?
When reference is mede to the figures for delayed
resolution under chemotherapy, it is found, however, that
they are too high to be explaihed in this way: the fatality
rate, in the Glasgow report, has only dropped from l4.2 per
cent. before sulphonamide treatment to 10.9 per cent. under
sulphonamide chemotherapy, whereas the percentage number of
cases showing delayed resolution is now more than seven
times the presulphonamide figure. This would seem to
indicate that sulphonamides do actually favour delayed
resolution, although there have been few exact scientific
observations on the subject. Indeed, the condition of
delayed resolution has been assessed chiefly on clinical
impressions and clinical signs which are dependent on the
individual observer. Even the period of time required for
normal resolution has not been defined so that the very term

“delayed resolution' has had varying interpretations.
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My purpose in the present study was to investigate
the effect of sulphonamide chemotherapy on the progress of
resolution, and to discover if the drug does in itself
inhibit resolutibn. In addition, if delayed resolution
were indeed a more common condition, the factors concerned
in its incidence might be studied more closely. Finally,
from these findings I hoped to deduce the reason behind the
inhibitory effects of sulphonamides.

For a proper understanding of the subject, a study of
the pathological sequence of events involved in the pneumonic
process seemed the first essential. As, however, various
eminent pathologistskhave had differing views, it has been
found necessary to give a brief outline of several accepted
theories.

The next step was to analyse the cases in respect of
the progress of resolution,Aand a convenient method of
classification was to divide its progress into three types
according to the period of time required for clearing of
the pulmonic consolidation. For this purpose radiographic
findings ﬁere employed since they provided the most
reliable indication of the intensity of the underlying
consolidation and the subsequent progress of resolution.

\ In respect of the factors concerned in the incidence
of delayed resolution, Anderson and others have shown that
the age of the patient, the presence of a positive blood
culture, the number of dsys ill prior to admissionvand the

type of the infecting organism all play a part. My findings
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supported his results. In addition, the radiographic study
revealed another factor of importence, namely the density of
the initial consolidation. It was found that "intense"
opacities were responsible for & higher proportion of cases
éhowing delsyed resolution than were "hazy"™ opacities. A
simple explanation bf this finding seemed forthcoming by
postulating that the more severe the infection, the greater
would be the outpouring of exudate into the alveoli, and

the longer would be the period of time required for resolution.
However, this explénation did not suffice, for I found that
the age of the patient was still an all-important factor.
Thus, in older indiv}duals, intense consolidations were
certainly associated with a high incidence of delayed
resolution: but in the younger age group, equally dense
opacities usually showed normal resolution.

This study of the density of the opacity in relation
to resolution led to a further consideration. It was
obvious that, in the pulmonic consolidation, the great out-
pouring of plasma into the pulmonary alveoli must result in
a withdrawal of plasma proteins from thq blood stream. Had
the blood plasma protein levels any relation to the progress
of resolution? The snswer to this gquestion involved a
study of the plasma protein values in pneumonia, and this
investigation revealed that low plasma proteins were a common
finding not only in delayed resolution but also ih patients

of the older age group.
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The importance of the age of the patient was thus a
constantly recurring theme, for not only was age the chief
factor in the ineidence of delayed resolution, but also it
was the most important finding in relation to loﬁ plasma
proteins in pneumonia. It seemed, therefore, that the
secret of delayed resolution lay hidden in some concomitant
condition of old age. Now, perhaps the most pronounced
pethological feature of advencing years is a process of
degeneration which affects all tissues. This degeneration
is especially marked in its effect on the blood vessels. So
the hypothesis of vascular impairment as a possible cause of
delayed resolution led me to investigate the progress of
resolution in respect of cardio-vascular efficiency. And now
the-solution of the problem seemed close at hand, for I
found that, where cardio-vascular inefficiency was present,
delay in resolution resulted. Further, the various factors
concerned in the incidence of delayed resolution, namely the
age of the patient, the density of the consolidation and the
presence of low plasma proteins, might all be explained by
cardio-vascular imb&irment.

But how could the effects of sulphonamide chemotherapy
be related to circulatory inefficiency? In this connection
a study of sulphonamide blood levels proved of great interest.
Hitherto the concentration of the drug in the blood in
relation to clinical progress had been very inconstant and
had puzzled many observers. I found, however, that this

inconstancy could readily be explained in relation to the
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circulation, and that it also served to'confirm the close
relationship between the efficiency of the cardio-vaécular
system and the progress of resolution.

Finally, from s&ll these various aspects, a more
complete picture depicting the influence of sulphonamide
chemotherapy on the progress of resolution was gradually

produced.
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Thé following chapter will consist of s description
of every step taken from the.admission of the patient till
‘his dismissal. A general survey of the procedures adopted
will first be given, and this will be followed by a more

detailed description of the methods employed in the

investigation.

SECTION (i)
General Survey of the Investigation

(1) Investigation on admission

Each patient on arrival at hospital, and before pro-
ceeding to the ward, was first examined by the doctor in the
ambulance. The degree of illness was roughly assessed so
that any special emergency treatment could be carried out
straightway. Thus, if very cyanosed and dyspnoeic, oxygen
would be administered as soon as the patient was in bed.
Agein, if very severely ill, the customary blanket bath, which
each patient received on admission, would be omitted. The
temperature, pulse rate, and respiratory rate were recorded by
the nursing staff. In about half an hour after admission to
hospital, he was ready for a full examination by the doctor.

A history of the illness, as detailed as circumstances
permitted, was obtained from the patient. Particular
attention was paid to the following points:- type of onset,

whether sudden or gradual, and if preceded by a "cold". The
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occurrence of such symptoms as rigor, pain in the chest,
vdmiting, cough, and the presence of rusty sputum was also
noted.

A careful clinical examination was then performed.
The presence of herpes, cyanosis, dyspnoea, or the grey
toxic appearance often characteristic of a severe attack
of pneumonia was noted. The condition of the tongue was
carefully obsérved, for a dry, heavily-furred tongue
invariably denoted a severe illness. A detailed assessment
of the physical signs in the lungs was made, and any cardio-
vascular involvement noted. In somekcases no definite
physical signs of consolidation could be detected in the
lungs. However, if the illness was of sudden onset with
rigor and pain in the chest, and the patient showed e dry,
coated tongue with rapid respirations and elevation of
temperature and pulse rate, the case was regarded as
pneumonia and treated as such. In such cases later
examination usually confirmed the diagnosis.

Before commencing chemotherapy, 22 cc. of the patient's
‘blood was withdrawn by venipuncture under aseptic conditions
and utilized as follows;-

(i) In order to cultivate any pneumococci which might be
present in the blood, a blood culture was performed
by‘injecting 5 cc. of the blood into sterile digest
broth.

(ii) To estimate the degree of any bacterisemia present and
to study the growth characteristics of the organism,

a pour plate was made by adding 2 c¢c. of the blood to



melted agar.
Both blood culture bottle and pour plate were placed in
the incubstor for 18 to 24 hours.
(iii) The remainder of the blood was put into two heparinized
 containers, one holding 10 cc. and the other 5 cc.

- The former was used for the estimation of the plasma
proteins. An admission sulphonamide blood level and,
in addition, a total white cell count were performed
from the latter.

(if)Two thin blood films were made on glass slides for an
estimation of the differential white cell count.

A specimen of sputum was obtained from the patient at
the earliest opportunity and sent to the laboratory for
bactériological examination.

The methods adopted for these various estimations will

be described in detail in Section (ii)

(2) Treatment.

I shall not here discuss the symptomatic treatment
whi¢éh can be found in any textbook. All my cases received
chemotherapy. The particular sulphonamide used was sulpha-
thiazole, although on very rare occasions when the drug was
in short supply a few cases received éulphapyridine or sulpha-
diazine. Oral administration of the drug was employed except
in é few patients who were desperately ill on admission,
when the first dose was given intravenously (sodium sulpha-

thiazole 2 gm. in 20 cc. sterile water). A
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full discussion of dosage and results of treatment will be
given in the chapter on "Sulphonamides and Resolution".

kThé importence of an adequate fluid inteke was
stressed. While on the drug, the patient had to drink at
1east>six pints of fluid during the twenty-four hours, and
the condition of the tongue was a valuable indication of
the efficacy of such treatment, for, as the patient's
condition improved the tongue lost its dry, coated appearance
and became moist and clean.

~ A regular evacuation of the bowels was ensured.
Thus, if the patient was constipated on admission, a soap
and water enema was administered. If necessary, this was

repeated every night during the febrile period.

(3) Subsequent investigation.

An X-ray.of the chest was taken either on the day of
admission or on the féllowing day. . Thereafter, radiographs
wére taken at.varying intervals - the period between
successive'exposures not éxceeding seven dsys.

Twenty-four hours after admission another specimen of

blood was withdrewn (about 6 cc.). 0f this, 2 cc. were

used for an estimation of the blood sedimentation rate which

was thereafter repeated at weekly intervals. The remainder
of the blood was put into a heparinized container, and used
for a further estimation of the sulphonamide blood con-

centration, giving the level of drug in the blood at the end

of twenty-four hours' treatment.
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Total leucocyte counts and differential white cell
counts were performed every third day after admission during
the acute illness.

The progress of physical signs in the lungs was
closely followed. Clinical notes were made daily during
the acute stage, and, ﬁnereafter, during the period of con-

- valescence, any change in'physical signs was noted. In
order to facilitate an analysis of the series,.the chief
findings in each case were summarized on a special card.
A completed specimen illustrating both sides of this card is

attached below.
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- SECTION (ii)

Description of Methods Employed

(1) Identification of the Pneumocdccus.

(a) Typing of Pneumococei. If the sputum was rusty in

colour, that is, typical of a case of lobar pneumonia, it
would be likely to contain abundant pneumococeci. In such
a sputum, the “direct" method of typing was employed.
Various flecks of the sputum ﬁere taken up with & sterile
wire loop and deposited on a clean microscope slide. One
drop of Lederle's type-antiserum was added - a different
type-antiserum to each portion. A drop of methylene blue
was mixed with each, and a No.l cover slip placed on top.
Bach was then examined under the microscope with an oil
immersion lens. If pneumococci were present, enlargement
of the capsules occurred within a few minutes in presence of
the appropriate antiserum (Neufeld reaction).

Where pneumococci could not be detected by the direct
method, or where the sputum was not rusty, mouse inoculation
was performed. About 2 cc. of the sputum was made into a
suitable consistency with a little broth and injected into
the animel's peritoneal cavity. If pneumococci were present
the mouse usually died within 24 hours. The peritoneal
cavity was then opened and gently washed out with broth.

A search for pneumococci was carried out as described above.
If it revealed a very mixed growth, a portion of brain or a
sample of heart blood was put into broth under aseptic

conditions. This was left overnight in the incubator to



obtain a pure culture, and the Neufeld reaction then
employed.
(b) Blood culture. All-glass "Vim" syringes, which had

been previously sterilized in the hot-air dven, were used
for this purpose. The blood culture bottle employed was
of six-ounce capacity and was fitted with a screw cap. It
contained 100 cc. of sterile Hartley's digest broth.

The skin in the antecubital fossa was sterilized by
WCetavilon" and dried thoroughly. Blood was withdrawn by
venipuncture. The bottle of broth was unstsppered, and
5 cec. of blood édded, the blood and broth being thoroughly
mixed by rotation. The bottle was placed in the
incubator at 379C., for 18 to 24 hours. Films were then
made from the blood-broth mixture and stained by Gram's
method. Pneumococci, if present, showed up as Gram-
positive, lanceolate or oval cocci occurring in pairs with
the rounded ends together. If organisms were noted, they
were then typed. If none was observed, sub-inoculations
were made from the blood-broth mixture on a plate of blood
agar by the successive stroke method. Subcultures were
incubated, and any organisms developing were identified by
their microscopic characteristics and colony appearances.
If these preliminary examinations gave no result, before
stating the blood culture to be negative, the blood-broth was
incubated continuously for four days, and films and sub-

inoculations were made each day.
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The method of making the admission pour plate for
an estimation of the degree of bacteriasemia was as follows: -
5 cc. agar-brofh medium was melted and cooled down to a
temperature between 40°C. and 50°C. (52°C. being the
thermal death point of the pneumococcus). Under aseptic
conditions 2 cc. of blood were then added to the agar, the
blood-agar mixture poured into a petri dish, covered, and
placed in the incubator for 24 hours. Pneumococci came up
as small semi-transparent colonies. The number of colonies

per cubic centimetre, of blood was then readily estimated.

(2) Sulphonamide blood concentration

The method employed was a modification of that des-
cribed by Bratton and Marshall (1939) for the estimation of
free sulphanilamide in the blood.

Reagents used: -

Hydrochloric acid 4 N.

Trichloracetic acid 12 per cent.

Freshly-prepared sodium nitrite 0.3 per cent.(1.5 gm. per 500 cc.)

Ammonium sulphemste 0.5 per cent. (2.5 gm. per 500 cc.)

N-I-nephthyl-ethylene-diamine-dihydrochloride 0.1 per cent.
(coupling reagent).

Preparation of the blood. Two cubic centimetres of

the heparinized blood were injected into a 100 cc. conical
flask containing 30 cc. of 4 N hydrochloric acid. The
flask was shaken to ensure that lysis was complete; 8 cc.
of 12 per cent. trichloracetic acid were then added, and the
flask again shaken to cause complete precipitation of the

plasma proteins. After two minutes, the contents of the



flask were filtered into a clean bottle and the filtrate
obtained was thén ready for subsequent examination. Ten
cubic centimetres of this filtrate were measured into a
large pyrex test-tube.

Diazotisation and coupling of the solutions. To

the test-tube containing the blood filtrate 0.1 cc. of 0.3
per cent. sodium nitrite was added, and the test-tube was
shaken. After two minutes 0.1 cc. of 0.5 per cent.
ammonium sulphamate was added, and the test-tube again
shaken. After a further two minutes 0.1 cc. of coupling
reagent was added. A purple colouration developed in the
Apresence of‘sulphanilamide. The test-tube was allowed to
stand for ten minutes by which time the colour had reached
its maximum intensity.

A Lovibond's Comparator with a sulphanilamide disc,
was used for the estimation. The unknown blood filtrate
was placed in the right hand compartment. A "blank®
solution, substituting distilled water‘for the blood; was
pleced in the left hand compartment. The Comparatior was
held facing a uniform source of white light, and the disc
rotated until the colour of the test solution was matched
by one of the glass standards. The value, expressed as
mgs. per 100 cc. blood, was read from the inaicatqr window.
This reading was in terms of sulphanilamide, and, to make
it applicable for sulphathiazole, it had to be multiplied by
the correction factor of 1.5. (wm.R.C. War Memorandum No.10).

"Free" sulphonamide only was estimated and no attempt was
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made to measure the conjugated drug which is usually

considered inert.

(3) Estimation of plasme proteins.

I did not myself perform the actual estimations.
These were carried out in the Biochemistry Laborstory at
Stobhill Hospital. The methods employed were as follows: -

(a) Total plasme proteins. This estimation was

carried out by means of the dipping refractometer which

measures the refractive index of a liquid. The refractometer

dips into a bath of water kept at 17°C. A very thin film

of plasmé is smeared on the speciasl prism, and, by the aid

of a lamp, the point on the graduated scale at which a

dividing line appears is duly noted. This reading gives

the refractive index and, from this, by consulting a book

of : tables, the percentage of total proteins is obtained.
Several observers, for example Salvesen (1926-27)

and Kumpf (1931), are quoted by‘Rennie (1935) as having

observed that the refractometric technique tends to give a

higher result than ihe micro-Kjeldahl. Linder (1924)

fouﬁd the total protein of the serum to be 1.59 gm. per cent.

higher than by the Kjeldahl method. This discrepancy is

in the main due to the presence of fat. Robertson (1915),

however, showed that, although in neghritic patients

refractometry gives too high resﬁlts, yet in normal

individuals there is & fair correlation with the values



- 11 -

obtained by the Kjeldahl method.

(b) Plasma albumen. This was estimated by the

Lovibond Comparator. The principle employed is that of
fhe biuret method. The globulins are first precipitated
by half-saturation with ammonium sulphsate. Trichloracetic
acid is added to the filtrate to precipitate the salbumen.
The precipitate of albumen is then dissolved in caustic
soda solution and copper sulphate is added. The resulting
purple solution is centrifuged to throw down the suspended
copper hydroxide after which it is matched against the
glass standards, and the result noted.

(c) Plasma fibrinogen. The Lovibond Comparator was

again used for this estimation. To isolate the fibrin,
however, a gel is first formed by adding sodium chloride
.and a small quantity of calcium chloride solution to the
plasmsa. This is incubated overnight. The gel so formed
is whipped with a glass rod and the fibrin contracts down
and becomeé attached to the rod. It is dried thoroughly
and thereafter boiled with caustic soda to dissolve the
fibrin, cooled, and copper sulphate solution added. The
supernatant fluid is then matched against the standards in
the Comparator.

(d) Plasma globulin. This was obtained by sub-

tracting the combined readings for albumin and fibrinogen

from the total plasma protein reading.

The results obtained for the individual fractions by
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the Lovioond Comparator are less accurate, when compared
with the Kjeldahl technique, than the results obtained
by the refractometric technique for estimating the total

plasma proteins.

(4) Blood sedimentation rate.

The method used was that of Westergren. Into a
small test tube containing 0.5 cc. of 3.8 per cent. sodium
citrate solution, 2.0 cc. of blood was placed. The test
tube was inverted two or three times, and the blood drawn up
the long Westergren tube to the mark "O m.m.". The tube
was then placed in the stand. The distance of sedimentation
of the red cell column was read at the end of the first
hour, and again at the end of the second hour. (In normel
“individuals the first reading varies from 2 m.m. to 5 m.m.,

and the second reading varies up to 20 m.m.).

(5) Differential white cell count.

Thin, even, blood films were made on microscopic
slides and allowed to dry. These were then stained by
Leishman's stain. The best results were obtained by
covering the film with the stain and leaving for a half-
minute, then diluting with an equal quantity of water and
allowing to act for a further four minutes. The film was
washed under a gentle stream of water and allowed to dry.
The count was performed under an oil immersion lens and the

slide was moved in various directions longitudinally and
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vertically to obtain as fair an average distribution as
possible. Only 100 cells Wére counted.

The method employed for differentiating the various
kinds of polymorphonuclear leucocytes was that described by
Arneth (quoted from Whitby and Britton) who classified
them according to their number of lobes. (At an earlier
stage of development the nucleus,of the granular white cell,
is round and not yet segmented - this cell is called a
myelocyte. A band cell is an intermediate stage between a
myelocyte and a bilobed polymorph - the nucleus is
elongated but unsegmented.) Cooke (1927), in a modification
of the Arneth count, grouped myelocytes and band cells
together and called them "Group I" cells. As I shall show
in a subsequent chapter, I found that the estimation of
- mGroup I"-.cells was of some value in the prognosis of
pneumonia.

The non-granular white cells were classified ag

monocytes, large lymphocytes or small iymphocytes.
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CHAPTER II

A DESCRIPTION OF THE CASES COMPRISING THE STUDY
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The observations in the following chapters are
based on 225 consecutive cases of lobar pneumonia
admitted to Knightswood Fever Hospital over the period
January, 1943, to July, 1944. The cases were all males
over fifteen years of age in whom the clinical diagnosis of
pneumonia was confirmed both by radiographic and

bacteriological examination.

(1) Fatality rate

The fatality rate for the series was 5.7 per cent.
This is a low figure when it is compared with the figures
given by other observers for sulphonamide-treated pneumonia.
The fatality rate found by Anderson and others (1938 -~ 1942)
in a series of 2,000 cases, was 10.9 per cent. However, in
any comparison of fetality rates in lobar pneumonia, the
severity of the infection is of prime importance, for a
likely explanation of the low figure found in the present
series might be that I was treating a milder form of the
disease. Now; in respect of the severity of the disease,
the Glasgow—;éport has shown that this depends on several
factors, namely the type of the infecting organism, the age
of the patient, and the presence or absence of bacteriaemia.
In the report it was demonstrated that Type II and Type ITI

infections were associated with a more severe illness and

a higher fatality rate than Type I or "Group IV" infections.
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In respect of age, the number of deaths in those over forty
years old was more than six times the number under this age.
Finally, cases with a positive blood culture showed a much
higher proportion of deaths than non-bacterisemic cases. It
is thus obvious that the present series must be analysed in

respect of these three factors.

(2) Type of infecting organism

Table I shows the distribution of cases according to
the type of pneumococcus isolated. Type I, II and III were
the commonest types and were responsible for 61.7 per cent. of
the total series of 225 cases. A notable feature was the
high prevalence of Type II infections which comprised 41.3
per cent. of the total cases. The Glasgow report (1938-42)
showed that there had been a consistently high incidence of
Type iI infections in the City over that period of time com-
prising 36.9 per cent. of the cases. The present series shows

that this state of affairs still continues.

TABLE 1
The Type Distribution of 225 Cases of Pneumonisa
1Total h rTfotadll th [Total:
Pype | Cases =Deat s|Type }Cases}Dea . Type }Caseé}Death
L] 1] ) ) H ]

I 3= I S X!V 3 ) - XVIII 14 -
1(14.2) 1 ' ] ' ' ]
II) 93 7 X, 1 3 - XxXI } 1 )V -
 (41.3) | L, ‘ b
IITy 14 v 2 XI1 2 1 = XXII 3 -
1 1 1 ] | ]

y (6.2) i N o !
Iv ! 3 1 - XIir, 1} - XXIV e 11
Vi 3 I - XIIT ¢+ 1 1+ - XXVII 1 2 1 =
VI | 3 7 - v 2 ! - |[B.Frieda. | 3 | -
VII | 7 - It 1 | - Str.virid.} 7 | -
VIII ! 9 P XVII 1 3 1 - Untypable | 25 ! 3
(The figures in brackets represent percentages of the total.)

B.Fried. = B.¥riedlander
Str.virid.= S. viridans.
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(3) Age distribution

y (u;-¢ux\e\” In the series, the proportion of cases over forty
8{_ Lol e b g

years of age was 58.4 per cent. This differs little from
60.2 per cent. - the figure given in the Glasgow report for
that age group. Further, Anderson and others demonstrated
that the proportion of pneumonia cases over forty years of
age had steadily risen during the preceding twelve years.
In McGregor's series (1930-32) only 17 per cent. of the
cases were over 40 years of age. Anderson attributed the
change in age incidence to a falling birth rate, and also
perhaps to the fact that conscription had removed a large
portion of the younger age group from the civilian

population.

(4) Bacteriaemis -

Table 2 depicts the incidence of bacteriaemia in the
series in relation to the age of the patient, the t&pe of
the.infecting organism, and the fatality rate. The Glasgow
report showed that the risk of occurrence of bacteriaemis
was greater in the older ége group, and my findings are in
agreement with this.  0f the 91 cases under forty years
of age, ten were bacteriaemic (10.6 per cent.) whereas, in
those over that age, 131 cases produced 28 with bacteriaemia
(21.3 per cent.). Again, Anderson and others demonstrated

that the bacteriaemic rates varied in the different type

"infections: the order for males from highest to lowest was
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Type II, Type III, Type I and "Group IV". Although the
A'total number of bacterisemic cases in the present series was

small, the Type bacterisemic findings were ranged in a
.similar order, except that Type III infections, by a vefy

small majority, occupied first place.

TABLE 2

The Incidence of Bacteriaemia in respect of Age,
Type of Pneumococcus and Outcome

Type I Type II Typre III Total Series
Age Ipacter-|. Non-|Bacter] Non- | BacterdNon - |Bacteri Non- | Com-
Group I. : Bactery ; :~ |Bacter- ; : qBacter= ; : »| Bacter-| 44
(vears)*=1° | jaenid 1%51¢ | foanic'] 1205t flaciiq 1asmicl ponis | Pined
. I
cin|cip|cipfcin|cip|ciDfcidfciDfciD
| i i H i i : i !
~40yrs. | 2 1- 131 - 811|341 | - I- 5;-1oi1 8451 94! 2
40+yrs.| 311 (141 -|17 13|34l2 | 412 | 7)1 -|28 16 |103} 5 {13111
! H M ! ! : L 1 .
1 1 1 1 ] ] i 1 1
hotal | B 11 |27 1-125 14|6813 | 412 101 -[3817|1871 6225113
S T T e e S

(The figures in brackets are rates per cent. of the
type total.) C = Cases; D = Deaths.

That the presence of bacteriaemia has a marked influence
on the outcome can be seen from the fact that,in my series,
the fatality rate for those whose blood was sterile was
only 3.2 per cent., whereas, in those with a positive blood
culture at the commencement of treatment, the rate was 18.4
per cent. Now, it is seen from Table 2 that only 38 of the
total cases (16.8 per cent.) had positive blood cultures

whereas the corresponding figure in the Glasgow Report was



- 19 -

32.8 per cent. It is, therefore, more than likely that
the small number of bacteriaemic cases found in the present

series is sufficient to explain the low fatality rate.

(5) Complications

Some:of the main complications are shown in Table 3.
They are arranged in relatidn to the type of infecting
orgenism. (Henceforth, the term "Group IV' will be used to
describe infections caused by pneumococci other than the
first three types).

TABLE 3

Main Complications

%ﬁggnggm Empyema. Eggiiiin Izgzgi?on jMeningitisé%iﬁgggh _
I 2 3 - - 5 /A
11 2 3 - 1 a7
III 3 - - - 6
"Group IV" - 5 & - 15
Totals .. 7 11 2 1 53

The complication of prime importance was clearly
delayed resolution which occurred in 53 of the 225 cases,

i.e. 23.5 per cent. of the series.

* By the term "cross-infection" is meant an illness
acquired while in hospital, and caused by a different type
of orgenism from that responsible for the original infection.
The following notes on the two cases of cross-infection which
occurred in the present series present several interesting

features. :
Case 1. The initial infection was mild: Type XVI

pneumococcus isolated from the sputum. Sulphathiazole was
only administered for three days. Cross-infection
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occurred six days after the drug was stopped:s Type II
pneumococcus was isolated from the sputum. Patient became
sharply ill. Sulphathiazole was recommenced but there was
no response to therapy and patient died three days later.

Case 2. The initial infection was severe: "Group IV®
pneumococci isolated from the sputum. A full course of
sulphathiazole was given (eight days). Cross-infection
occurred six days after the drug was stopped: Type II
pneumococcus isolated from the sputum. Patient again
sharply ill. Sulphathiazole was recommenced. Response to
therapy was very good - at the end of twenty-four hours
general condition much improved and temperature back to
normal. The patient made a good recovery.

: It is interesting to note that, in both cases, a
nGroup IV" pneumococcus was responsible for the initisal
- infection, and, in both cases, subsequent infection was
caused by a Type II pneumococcus which was the most
prevalent organism smongst the other patients in the ward.
Further, it seems reasonable to suggest that the small
initial course of sulphathiszole administered in Case 1
created g state of sensitivity to the drug which became
apparent when the same treatment was recommenced. Thus,
no matter how mild the infection, every subsequent case of
pneumonia received a full initial course of sulphonamide,
so that, if cross-infection should occur, sulphonamide could
be re-administered with less fear of producing sensitization
phenomena.
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CHAPTER _III

PATHOLOGY AND RESOLUTION

Section (1
(a) Process of infection.
(b) Spread of pneumonic process.
(c) Evolution of pneumonic process.

(d) Impairment of pulmonary circulation.

Section (ii
(a) Resolution and delayed resolution.

(b) Termination in fibrosis.



vThe prevailing theories on the pathology of
pneumococcus lobar pneumonia have been very fully revised
by Heffron (1939). The following chapter is based on
Heffron's work. Section (i) will summariie briefly the
most important views on the initiation, spread and
evolution of the pneumonic process. In Section (ii) a
synopsis of the process of resolution will be giveh.
From this study I shall concentrate on certain factors
which seem relevant to the progress of resolution, and

they will form & nucleus for mj subsequent investigations.

SECTION (i)

(a) Process of infection

For the development of pneumococcus lobar pneumonia
a certain combination of circumstaqces must be present.

It seems that (&) pneumococci of some virulence must have
reached the lowér respiratory tract, that (b) some
unfavourable condition must be present which allows infection
to gain a foothold, and that (c) the body reacts to the
infection.

The pneumococcus comprises a number of serological
types. It is known that the'highgy types of pneumococci
may be normally present in the upper respiratory tract of
healthy individuals. Type I and Type II organisms,

however, are rarely normal commensals, and, if found in

the sputum, are generally considered pathogenic.



These two types are associated with the most typical
clinical picture. A Type III infection varies in

" pathogenicity with the age and resistance of the host. It
carries a high mortality in older individuals who tend to
have a lower resistance to infection and the pnéumonic
consolidation is frequently patchy in distribution. In
younger individuals, on the other hand, the resistance to
infection is greater and, in such, a Type III illness is

relatively benign.

L The second condition is intimately bound up with the

|
%ﬂﬂL““first; As may be inferred from the preceding paragraph,

an organism which may be non-virulent when the host's
resistance is high may attain virulence when the resistance
to infection is lowered. It is well known that minor
respiratory infections often predispose to pneumonia, and a
history of precedent chill is frequently obtained. The
mechanism by which these favourkinfection is, however,
obscure. |

Finally, the reaction of the host to the assault of
the pneumococcus is genérally characteristic. The most
apparent pathological manifestation of this reaction is the
pneumonic consolidation, but other less obvious changes are

apparent elsewhere in the body.

(b) Spread of pneumonia

There are two views on the mechanism of spread of

lobar pneumonia, the chief exponents being Lauche (1927)
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and Loeschcke (1931). The former considered that
pneumococci after gaining entrance to the lymphatics in the

region of the hilum set up an inflammatory action there

which resulted in blocking of the lymph channels. Thereafter

infection spread throughout the entire lobe in the reverse
flow of lymph. Loeschcké, however, disagreed with this,
and claimed that air-borne organisms reach the alveoli of
the lung, and in a sensitized individual, cause an out-
pouring of oedematous fluid in which bacteria multiply.
The 1luid then spreads quickly throughout the whole lobe,
passing through the alveoll by means of the alveolar pores
of Cohn, the process being aided by the negative pressure
within the lung.

Various radiographic studies have been carried out
to determine the location of the initial process. There
is general agreement that, in adults at least, the process
spreads from the hilum towards thé periphery. Two groups
of observers (Davies, Hodgson and Whitby (1935) and Graeser,
Wu and Robertson (1934) ) have, however, demonstrated that,
in occasional cases, the pneumonic process may spread from

the periphery towards the hilum.

(¢) Evolution of the pneumonic process

‘The classical description falls into three stages -
engorgement,.red hepatization and gray hepatization.
These terms refer to the various pathological changes seen,
and it is rare to find the entire pneumonic lesion at any

single stage. The portion initially involved may be at a
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lafer stage than an area more recently involved or than an
area which has developed more slqwly.

Laennec first described these changes more than a
‘century ago. ~ In the first stage there is great engorgément
of the capillaries of the alveolar walls with swelling of
the alveolar epithelium. This stage probably lasts only
a few hours, and, due to the rapid outpouring of exudate,
sooﬁ‘assumes the features of the second stage.

The stagevof red hepatization is the earliest one
commonly seen. The lung is no longer crepitant and
resembles liver. The surface is dark red, or reddish-brown,
Microscopically, the lumen of the alveoli are filled with a
coarse network of fibres slong with serum, red blood
‘corpuscles, organisms, polymorphonuclear and some mono-
nuclear leucocytes, and desquemated epithelial cells. The
most distinctive thing about the exudate at this stage is
the fresh appearance of the cells. |

In the stage of gray hepatization the lung is gray or
grayish-white,'dense, heavy and frisble. The alveoli are
densely packed with cellular exudate consisting chiefly of
leucocytes especially polymorphonuclears. The cells show
considerable degeneration and the leucocytes frequently
contain ingested organisms. The capillaries in the alveolar
walls appear compressed and are no longer distended with
blood.

In 1931, this conception was challenged by Loeschcke.

He correlated the clinical and pathological features in
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fifty cases of lobar pneumonia, and his obsgervations on the
evolution of the pneumonic process may be briefly summarized
as followss - |

Firstly, in response to the presence of pneumococci,
there is a great outpouring of oedematous fluid into the
alveoli. In the neighbourhood of this exudate there is
always congestion of capillaries with emigration of
leucocytes -and a few red blood cells. Thereafter, the
alveoli and passages become packed with leucocytes, a few
erythrocytes, alveolar lining cells, and a fine fibrin
network. The alveoli become distended with consequent
compression of the alveolar capillaries. A local ischaemia
results. This ischaemia, plg§ the white blood cells
present in the alveoli, produces the appearance of gray
hepatization. In the next stage, shrinkage of fibrin
occurs which causes relaxation of the alveoli and a
refilling of the capillaeries. As a consequence,
‘haemorrhages occur between the alveolar walls and the fibrin
masses. This accounts for the appearance of numerous red
lines which are seen in the septa at this stage and give the
appearance of red hepatization.

When Loeschcke correlated the pathological findings
with clinical data, he found that the time required to reach
the stage of gray hepatization, with complete precipitation
of fibrin in the alveoli, was only about forty-eight hours.

Evidence of fibrin shrinkage was found from the fifth to



- 27 -

the twenty-second day.

It is evident that Loeschcke's conception does not
differ appreciably from the classical description. In
each, the stage of gray hepatization occupiés the forefront.
The chief difference is that Loeschcke scarcely recognised
a stage of red hepatization prior to the gray one. Indeed,
he claimed that the true stage of red hepatization really

occurred after gray hepstization.

(d) Impeirment of pulmonary circulation

No matter what theory is upheld, it is evident that
there is an impairment of circulation in the pneumonic lung
during the stage of gray hepatization. This ischaemia is
chiefly due to compression of the alveolar capillaries,
although a widespread distribution of fibrin thrombi in the
capillaries may be a contributory factor. Several
observers have studied the subject: Wang and van Allen (1933)
injected Congo red into the bronchus of the affected lobe
at varying intervals after infection and determined the
time required for the dye to appear in the blood. A much
longer interval was required in dogs injected late and in
which the consolidation was advanced than in others injected
only a few hours after the onset of their consolidation.

It would thus appear, both from experimental and pathologiéal
findings, that there is a progressive impairment of the
pulmonic circulation during the evolution of the pneumonic

Process.
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Section (ii)

(a) Resolution and delayed resolution

Several days after the development of the pneumonic
lesion the process of resolution begins - the degeneration
of cells and fibrin which began in gray hepatization is
now marked and & general liquefaction of the exudate occurs.

During resolution, the removal of exudate from the
pulmonary aslveoli may be accomplished in two ways:- (a) ex-
pectoration, and (b) absorption. Now, if expectoration
performed an important role in the process, then in any
patient showing scanty sputum one would expect to find
inhibition of resolution. This, however, does not occur*(vide
footnote). Thus, the chief method for the removal of the -
exudate must be by absorption into the circulation via the
subdivisions of the pulmonary blood vessels and lymph
cﬁénnels-

Beforé absorption can begin the exudate must first be
prepared by autolysis, the exact process of which is
imperfectly understood. The various factors which are said
to be involved in the process are as follows: -

1. Autolysis of the exudate by enzymes produced by the
polymorphonuclear leucocytes was claimed by Opie in

1905. He also studied the enzymes and anti-enzymes

found in inflammatory exudates and showed that the

blood serum contained an anti-enzyme which inhibited
the action of the enzyme produced by the leucocytes.

2. It has been asserted by other observers that there is a
local increase in the acidity, and that biochemical
changes are the basis of the process of resolution.

3. The importance of the large mononuclear cells has been
stressed. Robertson, Coggeshall and Terrell (1933)
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showed that these cells were present in the exudate
during resolution and were derived from the cells of
the alveolar walls. Phey claimed that they acted
as phagocytes, replacing the polymorphonuclear
leucocytes, and that areas early in resolution showed
few of these cells while areas in later stages showed
increasing numbers. This was termed the "macrophage
reaction®.
From the above observations it has been suggested that
delay in resolution would occur if there were a deficiency
of leucocytes in the consolidated area, as insufficient
enzyme would be present to cause rapid autolysis. Further,
it would appear that the macrophage reaction is an important
factor. Now, any study of the polymorphonuclear leucocytes
and macrophage cells present in the pneumonic exudate in
respect of resolution would involve intricate investigations.
Further, in an ill patient, the interference required for
such a study would prove very exhausting. However, it may
be that the cellular changes occurring in the pulmonic
exudate are reflected in the cellular content of the blood.
»It thus seems reasonable to study the leucocytes and mono-
cytes of the blood in relation to the progress of resolution.
Again, it would appear that if there is excess of

anti-enzyme (present in serum) the same slowing of resolution
should result. This would be difficult to prove. Kline
(1917) by the intrabronchiel injection of normsl dog serum
into dogs with pneumonis was able to maintain an excess of
serum in the consolidated areas, and he showed that, in

most instances, resolution was inhibited. Now, from a

practical viewpoint, it might be argued that excess of

serum in the pulmonary alveoli is equivalent to & very dense
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consolidation. Thus, the relation of the density of the
consolidation to the progress of resolution requires

investigation.

(b) Termination in Fibrosis | \

In most instances although resolution may be gradual
yet it is generally complete. In some éases, however,
granulation tissue from the alveolar walls invades the
exudate, the'area becomes an airless mass of scar tissue and

the function of the lung is much impaired.

, *(Daily estimations of the quantity of sputum
expectorated were periformed in 57 cuses of my series. The
total quantity of sputum over the first seven days of the
illness was correlated in each case against the progress of
resolution. As shown in Table 5, "normal"™ resolution displayed
a greater number of cases with scanty sputum (below 5 oz.)
than "fair" or "delayed'" resolution.

TABLE 5
Resolution in respect of the Quantity of Sputum

Total quantity of sputum
_(ounces_in_first_7_days)| Total

[Resolution |-3=====2.z2az=222.L.28
5o0or) 6 to | 20 and Cases
less : 20_ : over

T !
1 1

Normal .| 11 : 16 : 2 29
: [}

Delayed .. 1 : 12 : 4 17
A 1

If expectoration were an important method of removal of the
exudate, one would expect just the opposite state of affairs.
It seems, therefore, reasonable to conclude that expectoration
plays only a very minor role in resolution. It might also

be argued from this experiment that cases with delayed
resolution had more sputum because absorption of the exudate
was deficient, but the number of cases in the series is too
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small to make such & statement.)

(Note:- The terms "normal®", ®"fair", n"delayed", as
applied to resolution,will be fully exple.lned in a
subsequent chapter.)
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Introduction

Several observers have shown that radiography is of
more value than physical signs in detecting the early stages
of pneumonic consolidafion. .Graeser,Wu and Robertson (1934)
took daily radiograms of 40 cases of pneumonia during the
febrile period and found that X-ray filmé showed a density
withih 24 to 48 hoﬁrs from the commencement of the illness.
Often in such casés no physical signs of consolidation could
be detected. Furthermore, long after the ordinary physical
signs of consolidation have disappeared radiographs
frequently reveal considerable opacities.

Thus, in evaluating the progress of resolution, I will
concentrate in the following chapter on the radiographic
findings as the most reliable index of the progress of
resolution.

Methods employed. The present study is based on the radio-

logical examination of 148 cases of lobar pneumonia.
Radiographs were taken in the ward by means of a mobile
apparatus, the one using being a Philips mobile npn X~-ray
apparatus. The tube-film distance was adjusted to 3' 4%,

and the exposures varied from .15 secénds for a very thin
adult to .25 seconds for a stout adult. The average exposure
was .2 seconds, at which there was an output of 36 milli-
amperes at 69 kilovolts. Radiographs were taken on the day
of admission to hospital, except when the patient was

admitted after 1 p.m., when an X-ray was not taken till the
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following day. The patient was usually placed in the prone
position, but, if he were too ill to be turned, the supine
position was adopted. Thereafter, X-rays were repeated at
variable intervals depending on the clinical cdndition of
the patient, the maximum number of days between successive
radiographs rarely exceeding seven. If radiographs did not
show complete clearance of4the consolidation by the time the
patient was discharged from hospital, he returned for X-ray
and clinical examination at four-weekly intervals thereafter,

until resolution was complete.

Section (i)

Radiographic Characteristics

(a) Evaluation of intensity of opacity

Generally speaking, radiographs which show dense
consolidations are aséociated with severe constitutional
symptoms, while hazy opacities are associated with milder
forms éf pneumonia. I have arbitfarily divided the density
" of consolidation as revealed by radiographs into three broad
categories.

The first group consiéts of radiographs showing a
unifofm intense opacity through which no lung markings can be
seen. It will hence-forth be called a "III" opacity.

The second group comprises films which reveal s hazy

opacity through which lung markings are evident. It will be

called a "II" opacity.



- 34 -

In the last group, the radiographs merely show a faint

grayness obscuring a portion of lung. This will be equivalent

to an opacity of density "I'.
Plates VIIIa, VIIIb and VIIIc are illustrative

examples of these categorieé and demonstrate grades WIII", "II®™

and "I" respectively. Now, patients who, during the -

acute stage of their illness showed only a "I" opacity had
.mild constitutional symptops. " There were 58 cases in this
group, none of which died. Further, resolution of such a
consolidation was rapid: the lung cleared up cdmpletely in a
week or so and none of the cases developed delayed
resolution. For this reason, cases which showed a maximum
opacity of demsity "I" throughout their illness have been
excluded from the present study. Cases which developed
empyema or sterile effusions have also been omitted, as these
complications obscure and prolong the process of

resolution both from the clinical and radiographic aspects.

Thus, of the total series of 225 cases, 148 cases of
unComplicated lobar pneumonia showead radiological evidence
of an opacity of density "III" or "II" on admission to
hospital.

In respect bf the initiel radiograph, it might, of
course, be reasonably argued that the density of the opacity
would depend on how long the patient had been ill prior to
admission. The consolidation might take several days to

reach a maximum, and photographs at different times during

this period would reveal opacities of varying intensity. Now,
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prior to the introduction of sulphonamides, the progress of
the pneumonic consolidation was studied radiologically By two
groupé of observers - Graeser, Wu and Robertson (1954) and
Davies, Hodgson and Whitby (1935). They showed that the
opacity did not usually réach its maximum intensity till
between the fourth and seventh day. Table 6 depicts, in
relation to the dey of illness, the number of cases in the
present series who showed their maximum opacity (density "IIT
on admission. (As the majority of patients were admitted

to hospital in the afternoon or evening, a radiograph was

not performed till the following day, so ﬁhat day of illness
when the initial radiograph was taken is usually one day

more than "days ill prior to admission.) It is seen that,

of the 41 cases X~-rayed before their fourth day of illness, 26,
(i.e. 63 per cent.) showed an opacity of density "III". of

the 94 cases in which the initial radiograph was not taken till
between their fourth and eighth day of illness, 47 cases (i.e.
only 50 per‘cent.) revealed an opacity of density "IIIn,

Thus, in the series, the maximum intensity of the consolidation
seemed 1o occur earlier in the course of the illness

than the time given by the‘two groups of observers quoted

above.
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PABLE 6

Distribution of Cases in respect of Initial
Radiograph and Density of Opacity

Di{:nofnitigiss Number of . Density "III®
; Number of.cases
lradiograph taken Cases ( _ )

L 2 ) 2 )

2 16 ) 41 11 ) 26

8 23 ) 15 )

4 23 ) 11 )

5 27 ) 11 )

6 14 ) 94 10 ) 47

7 15 ) 9 )

8 15 ) 6 )

8+ | 13 A 5

(b) The effect of sulphonamides on the density of the opacity

To demonstrate the effect of sulphonamides on the
density of the pneumonic lesion, it would{be_necessary to
receive patients early in the course of théir illness and td
X-ray them at freqﬁent intervals. This was not done in my
sefies of cases. However, in Knightswood Hospital, during
1942, daily radiographs were taken during the acute stage of
the illness in a series of 29 cases of lobar pneumonia. The
initial radiographs varied between the second to fifth day
of illness. From this small series it_was possible to
study the effect of sulphonamides in respect of the day of
illness when treatment was commenced. For this purpose I

divided these cases into two groups. One group included



PLATES 1aTOId.

COMMENCEMENT OF RESOLUTION IN A CASE ADMITTED AND TREATED
'EARLY IN THE COURSE OF THE ILLNESS.

PLATEla . 3«> DAY OF ILLNESS PLATEIb. 4V DAY OF ILLNESS
CONSOLIDATION R LOWER LOBE DENSITYIL RESOLUTION HAS ALREADV COMVENCED.
PLATEIC 5W DAY OF ILLNESS PLATEId . 4>T* DAY OF ILLNESS.

ALMOST CLEAR. RESOLUTIONCOMPLETE.
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cases admitted "early" in the course of their illness, in
which the initial radiograph was taken on the sgcond or
third day. - Infthe;bther group,»the c&ses-weré not admitted
.$ill m"late® in ﬁhe course of the illness, and films were not
taken till the fourth or fifth day. Each group was

studied in respect of the time required to attain maximum

consolidation.

TABLE 7

Attainment of Maximum Consolidation in
Cases admitted 'early"

Day of | Towel  [PeY of meximum consolidstin
veel | muEberse 2nd {Brd | 4th | 5th
2nd 9 5 i 3 i - '; 1%
3rd 8 R 2 e
: 1 1 |
Totels . |- 17 5 Elo i 1 ; 1

(*vide footnote at end of Section)
From Teble 7 it is seen that of the 17 cases X-rayed on the
second or third day of their illness, 15 had attained

meximum consolidation by the third dsy.

The radiographs La to Id illustrate one example.
In this case, films were commenced on the third day and radio-
graphs were taken on subsequent days thereafter. It is
seen that the consolidation was only of density "II" on the
first film, but it was then at its meximum. On the fourth
day, resolution had already commenced. By the fifth day,
the consolidation had practically disappeared and, by the

§§§th day, no trace of the lesion could be detected in the
ilm.



PLATES iia TO Eel.

COMMENCEMENT OF RESOLUTION IN A CASE ADMITTED AND TREATED
'‘LATE'IN THE COURSE OF THE ILLNESS.

PLATE5a 5T* DAY OF ILLNESS. PLATEHb. 6™ DAY OF ILLNESS.
OONSOLIDATION R UPPER LOBE—DENSITY!! INCREASE IN INTENSITY.
PLATE 5C HT* DAY OF ILLNESS. PLATE5 di. |4?h DAY OF ILLNESS.

COMMENCEMENT OF RESOLUTION. SLOW RESOLUTION.
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TABLE 8

Attainment of Maximum Consolidation in
o Cases admitted "Late"

Day of Total |[Day of meximum consolidation
initisl number of |-===~--- ro=-==- it e -
X-ray Cases 4th ! 5th 1 6th | 7th
I ;
4th 5 2, 2 | 1 Lo
[} 1
5th 7 -1 5 1 1 E 1
; \ |
1 ] ]
Totals 12 g 7 Vv 2 | 1

From Table 8 it is seen that of the 12 cases X-rayed
on the fourth or fifth day of their illness, 9 had attained
maximum consolidation by the fifth day.

The radiographs IIa to IId illustrate one eXample.

In this case, films were commenced on the fifth day. On the
sixth day, the consolidation had increased in intensity.
This, however, was the maximum intensity attained, as sub-
sequent films up to the eleventh day gave practically
identical pictures and so have not been included here. On
the eleventh day, the radiographs showed commencement of

resolution, but, even by the fourteenth day, there was still
& considerable opacity. '

From these findings it would appear that sulphonsmides
act rapidly and strike at the infection as it is, thus pre-
venting further increasé'in,the density.of the'consolidation.
It is true that a few cases in the above two groups showed
slight increese in density after treatment was begun, but it
was noteworthy that the proportion of these was greater in the
group admitted "late" in the course of the illness. This
lends support to the findings of Anderson and others who have
shown that sulphonamide chemotherapy is more effective when

commenced early in the course of the illness.
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(¢) Commencement of resolution

Before proceeding to discuss the various types of
resolution it is of interest to note the time at which
resolution begins in pneumonia treated by chemotherapy. For
this purpose I have again utilized the 17 cases admitted on
their second or third day of illness, and which were
discussed in the preceding section in relation to the day of
maximum consolidation. I have not included the cases which
were initislly X-rayed on their fourth or fifth day of |
illness, as it could be argued that such consolidations

might have already commencéd to resolve by that time.

TABLE 9

Ccommencement of Resolution

Day resolution commenced
Day of |} Total [~==7=§=="-- [ Il Attt Eta r====-
" initial Cases érd ! 4th 1 5th 16th + 7th! 8th 1 8+
] [} ] ] [}
X-ray H ! ; H H 1
' | 1 | 1 1 ]
2nd 9 4,32E2§-§ -1 - | 1%
I )
ard 8 S I I U O e
1 | ; } | L
' : : : 1 ] 1
Totals 17 4 1 618 11 P R B
1 1 |

(* vide footnote at end of Section)

In each of the seventeen cases, daily radiographs
extended well past the time of commencing resolution. The
arithmetic mean for the commencement of resolution in the
whole series was 4.94 days, and, as seen from Table 9, ten

°353s already showed some clearing of the opacity by théﬂ

fourth day. Now, Davies (1935) found that the commencement
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of resolution lay between the fourth and seventh day. Thus,
it would appear_that sulphonamides exert no inhibifory
effect so far as the commencement of resolution ie concerned.
Indeed, when chemotherapy is begun éarly in the course of
the illness, the consolidation in the great majority of

cases Will show no further progreésion in intensity. Con-
sequently, resolution will tend to begin earlier than in
cases where treatment is commenced late in thevcourse of

the illness or than in untreated cases.

\

*¥(An incidental observation from this series was that
consolidationswhich developed slowly were also slow in
commencing to resolve. The case in Table 7, initially
X-rayed on the second day of illness and not showing maximum
consolidation till the fifth day of illness, did not begin
to resolve till the twelfth day (see also Table 9).)



RAPID RESOLUTION.
MALE, AGED 16"TEARS.

PLATE®a 7T* DAY OF ILLNESS. PLATEHIb. ZW DAY OF ILLNESS.

TERAL CONSOLIDATION- DENSITY RESOLUTION COMPLETE APART FROM SLIGHT
BILA DA M INTERLOBAR PLEURAL THICKENING.

MALE, AGED ZAYEARS.

PLATEjVa 5T« DAY OF ILLNESS. PLATE IVb 14T? DAY OF ILLNESS.
CONSOLIDATION SLOWER LCEE- DENSITY]! RESOLUTION COMPLETE.



RAPID RESOLUTION.

MALE, AGED 32 YEARS

PLATES"™ 31? DAY OF ILLNESS. PLATESb. \V» DAY OF ILLNESS
CONSOLIDATION RMDDLE LOBE—DENSITY]!. RESOLUTION COMPLETE.

MALE, ASED 39 YEARS.

%>

PLATESIA. 4T* DAY OF ILLNESS PLATEVIb. |4X» DAY OF ILLNESS.
CONSOLIDATION L,LUN<3~ DENSITYj][. RESOLUTION ALMOST COMPLETE,



RAPID RESOLUTION.

MALE, AGED 52 YEARS.

PLATEWa DAY OF ILLNESS. PLATEM b. I7TH DAY OF ILLNESS.
CONSOLIDATION R.UPPERLOBE-DENSITYM RESOLUTION ALMOST COMPLETE.
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SECPION (ii)

Tvpes of Resolution

The progress of resolution in any case of pneumonia

‘may be placed in one of three broad categoriess-

“Group (i - Rapid resolution
Group (ii) - Pair resolution
Group (iii) - Delayed resolution

(a) Rapid resolution

This group comprises cases where the radiographs show
complete clearing of the opacity by the twenty-first day.
This type of resolution is typically seen in children and
young, healthy adults, although it may occur at any age.
Clinically, these patients may be sharply ill on admission
to hospital, but, after commencement of chemotherapy, tem-
perature and pulse fall.rapidly by lysis, reaching normal at
vaﬁying periods from two to five days. ' Physical signs of
consolidation disappear in one to two weeks; The groups
of radiographs III to VII illustrate examples of rapid

resolution at various age groups.

(v) Fair resolution

In this group of cases, resolution of the consolidation
is somewhat slower than in the'first group and'evidence of |
the lesion can be detected radiologically up till the fourth

or fifth week. Plates VIIIa to VIIIA illustrate an example.



FAIR RESOLUTION,

PLATES Villa TOyuid,
HALE. AGED 3£ YEARS.

PLATEVilla 5T« DAY OF ILLNESS, PLATE VIfib. UX« DAY OF ILLNESS.
CONSOLIDATION L.LUNG6 - DENSITY'S! CONSIDERABLE IMPROVEMENT,
PLATEyOIC 21*7 DAY OF ILLNESS PLATE ymd DAY OF ILLNESS .

RESOLUTION NOT YET COMPLETE. RESOLUTION COMPLETE.
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(c) Delayed resolution

In this group I have placed cases where the radiographs
show opacitieS'after the fifth week, i.e. after the 35th day.
At that time, in many of these caées, the consolidation was
still well marked, and often several months elapsed before the
X-rays were clear. Indeed, in some cases, where delay was
unduly prolonged, some degree of permanent fibrosis resulted.
Clinically, physical signs of intense consqlidation were also
prolonged up to variable periods. In every case, however,
radiographs showed opacities long after physical signs of
consolidation had disappeared.

The X-ray findings in some typical cases of delayed
resolution are illustrated in Plates IX to XIV.

At the end of this chapter, I have attached five éharts
from the series with accompanying case histories to illustrate
the course of the illness in delayed resolution. _
‘Spread of consolidation. Another type of case which often
falls into the delayed resolution group is one which shows
spread of the pneumonic consolidation even after the
commencement of chemotherapy. Here, the consolidation does
not confine itself to the lobe or part of lobe originally
affected but spreads to involve a fresh part of the lung.
Thus, while resolution may be well advanced in the lobe
initially involved, the consolidation may not yet have

reached its maximum intensity in the portion of lung more

recently affected.



DELAYED RESOLUTION,

PLATES Igcl TO y[C
MALE. AGED AAYEARS,

PLATE IXA. 9W DAY OF ILLNESS. PLATE 3Xb, 2I*T DAY OF ILLNESS.
CONSOLIDATION RUPPER LOBE-DENSITYII NO IMPROVEMENT.

PLATEJXC 657* DAY OF ILLNESS,
VERY LITTLE CHANGE,



DELAYED RESOLUTION,

PLATES X * TOXd.
MALE, AGED 2SYEARS,

PLATEja, SB? DAY OF ILLNESS. PLATEjb, »2I»* DAY OF ILLNESS,
ATYPICAL CONSOLIDATION ILIUNG A RESOLUTION GOOD AT FIRST-
PLATEXC, 35™ DAY OF ILLNESS, PLATEXd, 130™ DAY OF ILLNESS,

RESOLUTION NOTYET COMPLETE RESOLUTION COMPLETE,



DELAYED RESOLUTION,

PLATES XTa.YOSd-
MALE, AGED 22 YEARS,

PLATES**, SW DAY OF ILLNESS- PLATEI&b, 10™ DAY OF ILLNESS,
CONSOLIDATION RLONG* DENSITY!® NO IMPROVEMENT,
PLATEXIC, OjSJ DAY OF ILLNESS, PLATESd, 102«» DAY OF ILLNESS -

VERY SLOW RESOLUTION, RESOLUTION NOT YET COMPLETE .



DELAYED RESOLUTION

PLATES xHa,TO XITC.
MALE, AGED 4 1YEARS.

PLATE X®a.. 13T« DAY OF ILLNESS, PLATEXIl b, Z2*? DAY OF ILLNESS,
CONSOLIDATION L,BASE - DENSITY®L NOIMPROVEVENT PLEURAL BFFUSION PRESENT

PLATESEC- 4ST« DAY OF ILLNESS,
RESDUALCPAATY ATBASE- SIMLLATES CARONOVA



Note: _Plate XIIIb was taken with the patient in

the supine position, as he was too
ill to be turned into the prone

position.

i




DELAYED RESOLUTION,

PLATES KifiTa TO MITcL,
MALE, AGED 6>4-YEARS.

PLATE XHia. &V*DAY OF ILLNESS. PLATEMEb. 26TH DAY OF ILLNESS.
INTENSE CONSOLIDATION R.LUNa~ DENSITYH NO IMPROVEMENT.
PLATEXIIl C, 64.T« DAY OF ILLNESS. PLATE XfiTcL IIOTH DAY OF ILLNESS.

STILL NOIMPROVEIVENT 1MASSIVE COLLAPSE CONSIDERABLE IMPROVEMENT.



DELAYED RESOLUTION.
PLATES XIVA TOXIVb.

MALE, AGED 4fc YEARS.

PLATEXIVa. 6™ DAY OF ILLNESS. PLATE XIVb. 90T« DAY OF ILLNESS.
CONSOLIDATION R.LUNG6- DENSITY® RESOLUTION NOT YET COMPLETE.
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From Table 10, it is seen that no case, less than

foui days 111 prior to admission,showed spread of the con-~

" solidation to involve a fresh lobe or an unaffected part of

the same lobe. On the other hand, 11 ceses, who had been
ill 4 days and over prior to admission, shdwed spread of the
consolidation in subsequent radiographs (Table 10). Plates
XVe to XV4d illustrate the X-ray findings in one of these

cases.

‘LABLE 10
Spread of Consolidation in respect
of Days Ill prior to Admission
- - Days ill prior
Y7 E to admission| T | @ 14| 5] 6|7 7#
Cases showing
spread of - - - 4| 1 2 1 3

consolidation

Jore

L This finding provides additional support to the con-

o 5w¢f§iAyclusion reached in the previous section, namely that

o ’ sulphonamides are more effective when commenced early in the
%”vﬁﬁ( J;” course pf the illness. Then, however, the assessment of
OLWJ, such effectiveness was_the speedy attaimment of a maximum

consolidation in the originsl opacity. Now we are concerned
with the influence of the drug in preventing spread of the
consolidation beyond the original area of lung affected.

And it now appears that spread of the consolidation occurred

only in cases where treatment was commenced late in the



SPREAD OF CONSOLIDATION

plates &vato WcL
MALE, AGED 47 YEARS.

PLATEMa. 4 TH OAY OF ILLNESS. PLATEAb. STHDAY OF ILLNESS.
HILAR CONSOLIDATION RLOWER LOBE. SPREAD OF CONSOLIDATION TO PERIPHERY.
PLATEWC. I6TH DAY OF ILLNESS. PLATEM 4. 29TH DAY OF ILLNESS.

NO IMPROVEMENT. RESOLUTION NOT YET COMPLETE.
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course of the illness. This finding is rather curious as
it might reasonably be expécted that the longer the patient
had been ill prior to admission to hospital and, therefbre,
to the start of chemotherapy, the greater his opportunity
of developing antibodies, which would help iﬁ arresting the
spread of the disease. In this connection the following
two observations are of interest:-

(1) Anderson (personal communication) investigated the
effects of a combination.of chemotherapy with specific
serotherapy in 33 cases of 1ype II pneumonia who were
considered to be severely ill. He found that, in
respect of the fatality rates kspecific for age and
the presence of bacteriaemia) the duration,in days,of
primary pyrexia, and the occurrence of complications
particularly as regards the high incidence of delayed
resolution, the results of combined therapy showed no
improvement over those obtained with sulphonamidé alone.

(2) In the report on the treatment of meningococcal meningitis,
1944, Anderson and others found that combined treatment
with sulphonamides and serum was less effective than
treatment by sulphonamides alone.

The surprising conclusion from these findings would
7 seem to be that sulphonamides and antibodies are antégonistic

to one another.

Distribution of cases in relation to the type of resolution

. The distribution of the cases in relation to the type
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of resolution is depicted.in‘Table 11. Béfore the intro-
duction.of'chemotherapy the only éomparable analysis, based
on’fadiolcgical evidence, was that of Daiies, Hodgson and
Whitby. Over their-whole series of 119 cases, the average
time requifed for complete resoiution was 20 days, and the

maximum figure was 50 deays.

TABLE 11

Distribution of Cases in respect of
Progress of Resolution

Total cases |[weemem——m=a §E§9E2312§¢ ...........
Rapid ; Fair | Delayed
1 1
] ]
148 61 ! 34 ' 53
(41.2) ! (23.3) | (25.5)
] ]
] ]

(The figures in brackets are percentages of
the group total)

In the present seriesvit is seen that only 41.2 per cent. of
the cases showed rapid resolution, that is, a complete
clearing of the consolidation by the 2lst day.  Further, in
respect of the maximum number of days required for complete
resolution, Graph 1 depicts that of the 53 cases showing
delayed resolution 40 still had opacities after the 60th day.
In 20 cases there was still evidence of consolidation after
the 80th day, and four cases atill showed remains of the

opacities by the 150th day.



PROGRESS OF RESOLUTION IN RELATION TO DAYS ILL PRIOR TO ADMISSION.
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It is thus evident from the above figures that the
time required for complete resolution of pneumonis under
sulph—onamide chemotherapy is, in many instances, much longer

than that required with other methods of treatment. !




- 47 =

SHCTION (diii)

Factors known to influence Resolution

In the Glasgow report on pneumococcal pneumonia (1938~
42) the associgtion of certain factors with the incidencé of
delayed resolution was studied, and Table 12 shows that the
most important of these is the age of the patient, for the
incidence in those over 40 years of age is almost twice that
under this age. The figpres given also show that bacteriaemis
and the duration,in days,of illness prior to admission are
important, for, both in bacterisemic patients and in those
who are more than three days 1ill prior to admission, delayed
resolution is ffequent.

TABLE 12
The Incidence of Delayed Resolution
(Glasgow Report)

Duration iy
Bacteri-~ | days ill

Age aemia prior to Types
______________________ admission | ___ .o ]
=40} 40+} pog i neg.| -4 Dae| 142 5 | "op.
yrs. | yrs. ' ! i | 14
i ' | i | i
rotal { : » A B
series [1,016 :955 277 Q,0811”124:825 400} 718 ) 156 | 675
' ! ! I 1
I ! ! I

Cases ' . "
showing| 200 } 347 | 72| 229 270,277 | 113} 223} 49 | 162

geelsiyle_d (19. 8)2(.’37.1) (26.1)E(Zl .3) (,24.0):(35,6)(28.2)E(31. O)E(zo.s)i( 24.0)

ution : :

(The figures in brackets are percentages of the group total.)
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Finally, infectiomns caused by a Type II or Type III
pneumococcus'show e somewhat higher percentage of delayed
resolution then those caused by Type I or "Group IV©,

| When the cases in the present series were anélysed in
respect of the above factors, the findings were as follows: -
Age. It is seen from Table 13 that the effect of age was
even more striking than in the Glasgow report, for the
percentage of cases showing delayed resolution in those over
forty years of age was five times that under this age. It
must be remembered, of course, that in a personal study of this
nature more attention was paid to the occurrence of delayed
resolution.

TABLE 13
Progress of Resolution in respect of Age

Total under 40 40 +
cases years years
Rapid ... 61 41 , 20
(32.7)
Fair ... 34 9 25
(73.5)
Delayed . 53 7 46
Totals . 148 57 .91

(The figures in brackets are percentages
of the group total)

Further, radiographs were employed throughout the illness in
the present series and thus the condition was readily
diagnosed, whereas,in the larger combined study,X-rays were

not always available.
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Bacteriasemia. The number of bacteriasemic cases was small

in the present series. However, the increased percentage of
'delayed resolution in these cases as compared with the non-
bacteriaemic cases is significant.

LTABLE 14

The Progress of Resolution in respect
of Bacteriaemia

Total Rapid Fair Delayed
cases ResolutionjResolutiorResolutiorx
Bscteri- 20 5 4 11
aemic (55)
Non-Bacterit+ 128 46 %0 42
aemic (33)

(The figures in brackets are percentages of the group
total)

Duration.in days, ill prior to admission. Table 15 shows

that in cases over three days ill prior to admission there
was a much higher proportion of delayed resolution. Graph 1
(in the previous section) depicts, in greater detsil, the
influence of this factor on the course of resolution.

TABLE 15

Resolution ih respect of the Duration in Days
I11l prior to Admission

uﬁi;éo?lin Total Repid Fair Delayed

prior to Cases Resolution |Resolution | Resolution

admission

- 4 days 8l 39 19 23
(28.4)

4 + days 67 22 15 30
(43.6)

(The figures in brackets are percentages of the group total)
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From the Graph,it is seen that the total number of
days required for complete resolution tends to be higher in
those a&nitted "late" in the course of their illness than in

those admitted "early" in the course of their illness.

Type of infecting organism. Type III pneumonia showed the

highest proportion of delayed resolution, but, as seen from
| Table 16, the total number of Type III cases was very small.
The total numbers in eaqh of the other three groups were large
enough to give significant findings, and it is seen that
Type II infections showed a higher percentage of delayed
resolution than Type I or "Group IV" infections.

TABLE 16

The Progress of Resolution in respect of Type

Total Rapid Palr Delayed
Type Cases |Resolution | Resolution | Resolution

I 24 7 12 5

(28.3)
I1I 71 29 15 27
(38)
II1 8 2 - 6
. , (75)
"Group I 45 23 7 15
Totals . 148 61 : 24 53

(The figures in brackets are percentages of the group
total)

The above results in respect of age, bacteriaemia,
duration in days ill prior to admission,and type of
infecting orgenism correspond with the Glasgow report, and

corroborate the finding that, of these, age is the most
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important factor in the production of delayed resolution.
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SECTION (iv)

The Relation of Radiographic Appearancesto Resolution

The value of radiography in following up the progréss
of resolution in pneumonia has already been demonstrated.
It would now be of interest to find out if the initial radio-
graphic characteristics of the consolidation, before commence-
ment of chemotherapy, have any .value in prognosticating the
subsequent course of resolution. In this respect, the
density of the opacity seems of primary concern, for, when
discussing the pathological process of resolution in
Chapter III, it was suggested that the density of the
initial pneumonic opacity might be one factor in the incidence
‘qf delayed resolution. Again, McCrae (1910) claimed that
the situation of the pneumonic lesion was another
radiographic characteristic of importance. He showed that
the lower lobes were more frequently involved in delayed
resolution than the upper lobes, and the right lower lobe in
particular.
In this section, these two radiographic characteristics,
namely, the density of the initial opacity, and the lobar
involvement will be studied in relation to the progress of

resolution. .

(a) Density of opacity in relation to resolution

As shown from Table 17, 88 cases had opacities of

density ®"I11I" at the commencement of their illness and 60
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cases had opacities of density "IIn. 0f the former group
of cases, 38 (43.2 per cent.) developed delayed resolution
compared with 15 cases (25 per cent.) in the group showing
hazy opacities. The density of the initial lesion is thus an
important factor in delayed resolution - intense consolidations
showing a higher proportion of cases.

TABLE 17

Incidence of Delayed Resolution in
respect of Initisl Density

Initisl Initial
Density | Density | Totals
" III 1 " II "
Total cases 88 60 148
Cases showing o
38 15 53
delayed
resoclution (42.2) (25) (35.5)

(The figures in brackets represent percentages
of the group total)

Now, clinical observations indicate that a dense
consolid;tion is associated with severe constitutional

" symptoms while a hazy. opacity is associated with a milder form
of pneumonia. In assessing the severity of any infection
the tempefature and pulse rate are probably the most
valuable objective clinical signs. So to substantiate
clinical impressions it is of interest to correlate the

density of the opacity with these two signs.

(1) Temperature in relation to density. In Table 18

I have correlated dense consolidation with (i) the temperature
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on admission to hospital, and (ii) the duration of primary
pyrexia. It is seen that the actﬁal height of the temperature
on admissibn in relation to density was not statistically
significant - the proportion of cases having readings below
101°F. and ebove 101°F. was approximately the same. On the
other hand, when the duration of primary pyrexis is con-
sidered,it is seen that the vast majority of cases showing
prolonged pyrexia occurred with intense consolidations.

TABLE 18

Temperature in respect of the Density of the Opacity

Temperature Duration of
on Admission Primary Pyrexie
~-101°F, ! 101°F. + |1-3 days | 4-6 days | 7+ days
E 1 E
Total series| 78 t70 | 78 I 41 )} 29
1 ] 1
Ceses with | P H
opacity of 45 ! 43 39 | 26 : 23
Density (58) i (64) (50) o (63) 1 (79)
I i | :
1 ! ]
{ 1 ]

(The figures in brackets represent percentages of the
group total)

(2) Cardio-vescular system and density. It is well

known that in severe cases of pneumonia the cardio-vascular
system is often affected. In such cases physical signs of
such involvement are frequently evident - tachycardia, heart
sounds which are soft and of poor tone, low blood pressure, and,
in a few cases, auricular fibrillation. In a subsequent

chapter, I will deal more fully with the subject of the

i
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subjéct of the cardio-vascular system in pneumonia. Here,

in relation to density of opacity, I merely wish to show

how frequently an intense consolidation was found in cases
.showing involvement of the cardio-vascular system. Table 19
demonstrates that a greater percentage of dense opacities are

associated with a high pulse rate.

LABLE 19

Cerdio-Vascular System in respect of
the Density of the Opacity

Highest Pulse Rate

during first - _lAuriculad Low
______ 24_hours______| Sitis |Fibrill- [5.P. on
-110 beatsillO+ beatd ation |Admission
per min. | per min.,
: H
Total series 72 ! 76 13 3 12
i
)
Cases with |
opacity of 36 ! 51 10 2 8
density (50) 1 (67)
nIIIn :
!

(The figures in brackets represent percentages of the
group total)
B.P. = Blood pressure.
Other signs of cardio-vascular involvement occurred in 28
cases in the series - thirteen cases had extremely soft
heart sounds, three developed auricular fibrillation, and
twelve cases had low admission blood pressures (i.e. below
100 mm. Hg. systolic, or 50 mm. Hg. diastolic). As shown

from Table 19, a high proportion of dense consolidations

accompanied all these lesions.
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The above findings thus confirm the association of an
intense opaéity‘with a severe infection. From this
association it might well be argued that the severity of the
initial infection would in itself explain the delay in
resolution which occurs in dense consolidations. But, if
the intensity of the consolidation is the basic cause behind
delayed resolution, then the factors which influence the
incidence of delayed resolution should likewise influence
the incidence of intense consolidations. So it now remains
to correlate the age of the patient, the presence of bacter-
isemia, the duration, in dayg 1ill prior to admission, and

the type of the infecting organism, with the density of the

opacity.
TABLE 20
}Duration,
‘ e in days, -
" Age ?Zg;gg illtprior Types
v )
_________ o _______|gdmission} ___ ______._ ______
- 40 1 40+ Pos =Neg. _a ! as| 1 |11 irrpieroug
yrs.i yrsy | ! : ! IV
t T T T T T
: : : T | g |
Total 59 1 89| 20 1128 | 81 1 67 | 24 1 7L | 8 | 45
series : ; : : : :
] ] ] ] ) [}
Cases with ! ! ' : | !
density 34 | 54| 15 | 78| 451 48 | 15 1 43 1 4 i 26
WITII" con- (57.7):(60.6 (75)1(57.3) (55.9:( 64.7) (62.5)1(60.5)1(50.0)|( 57.8)
solidation : I ; ' } i
. ] ] ] 1 ]

(The figures in brackets are percentages of the group total)

From Table 20 it is seen that cases with a positive

blood culture showed a slightly higher proportion of intense
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consolidations than non-bacteriaemic cases. Again, in
cases over four days ill prior to admission, the percentage'
of intense consolidations wés greater than in cases under
four days ill prior to admission. Thus, the influence of
these two factors in the incidence of intense consolidations
is similar to their influenée in the incidence of delayed
resolution. But this similarity does not extend to the
other two factors, namely the age of the patient and the
type of the infecting organism. In respect of the type of
pneumococcus, the highest percentage of intense consolidations
was associated with Type I infections, while Type III
infections, which are radiologically associated with con-
solida£ions which are patchy and not typically lobar, showed
the smallest number of dense opacities. These findings are
entirely different from the influence of the type of the
infecting orgenism in the incidence of delayed resolution.

But perhaps the most surprising observation is that
the age of thé patient seems of no importance in the incidence
of dense consolidations. This is in marked contrast to the
effect of age in delayed resolution where it is the most
important faétor.

From these findings it is apparent that the density of
the opacity is not the ultimate cause of delayed resolution.
What then is the exact relationship between the density of
the opacity and delayed resolution? An answer to this

question was forthcoming when I studied all the cases with
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dense opacities, and compared the proportion of these in the
older age group which developed delayed resolution with the
corresponding figure in the younger age group. 0f the

34 cases in the latter group only seven (20.6 per cent.)
developed délayed resolution compared with 31 out of’54
cases (55.5 per cent.) in the older age group. It thus
seems that & dense consolidation in a young individual has

a good prognosis as regards resolution, but, in an older

individual, resolution is very liable to be delayed.

() The progress of resolution in relation to lobar
involvement

Before the progress of resolution in respect of lobar
involvement is studied, it is of interest to comnsider first
the frequency of involvement of the individual lobes in the
pneumonic consolidation. From Table 21, it is seen that,
in the present series, the right lower lobe was affected
more frequently than any of the other lobes. This may
possibly be explained from the anatomy of the respira%ory
tract, for the right bronchus arises from the trachea at a
higher level than the left, and is wider, shorter and more
vertical. Thus infecting organisms will tend to be
directed down the right bronchus, and gravity will deposit

the infection in the right lower lobe.
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TABLE 21

The Progress of Resolution in respect
of Lobar Involvement

\
i

"Lotel timeJ Normal Fair Delayed
. lobe pesolution|Resolution |Resolution|
involved
. (25)
(44)
Rﬁ .o 66 17 16 33
(50)
Ly -. 16 8 1 7
(44)
Lz .. 35 7 10 14
R; = right upper lobe Ly = left upper lobe
R, = right middle lobe L, = left lower lobe
RS = right lower lobe

(The figures in brackets are percentages of the
group total)

* A multilobar infection was placed in each of
the lobes involved.

In respect of the progress of resolution in relation
to lobér involvement, Table 21 shows that the incidence of
delayed resolution was highest in the right lower lobe.
This is similar to McCrae's earlier findings. When I con-
sidefed why the right lower lobe should be so frequently
involved in delayed resolution, I found that the local
anatomy would afford two possible explanations:-

(&) The presence of the livVer on the right side results in s
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raising of the diaphragm. The respiratory excursion
of the right lower lobe Is thus more limited then any
other part of the lungs. A pneumonic consolidation
situated in this lobe will thus cause more marked
compression of the alveolar capillaries, and the locsal
ischaemia will be consequently more pronounced.

(b) The arterial supply of the lungs. The lungs receive
‘blood from two sources, (1) the pulmonery artery and
(2) the bronchial arteries. The former conveys
venous blood to the lungs to be "azggyialised", while
the branches of the bronchial artery are responsible
for the nutrition of the bronchi, vessels, interlobar
connective tissue and bronchial lymph glends. Now, on
the right side there is genersally one bronchial artery
which arises from the first aortic intercostal or from
the upper left bronchial artery, whereas, on the left
side, there are two bronchial arteries arising from the
thoracic aorta. Thus, the left lung has a better
blood supply than the right lung.

It may, therefore, be concluded that the greater
frequency of delayed resolution in the right lower lobe, as
compared with any other lobe, is partly due to its poorer
blood supply, and partly due to the more limited respiratory
excursion of this part of the lungs. Both these factors will
aggravate the local ischaemia caused by the pneumonic con-
solidation. '~ In consequence, tne exudate from the right lower

lobe will be more slowly absorbed into the circulation and
resolution will tend to be prolonged.
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APPENDIX

Exsmples of Delayed Resolution

Case 1

Case 2

Case 3

Case 4

Case 5

Delayed resolution in older age group.
Delayed resolution in younger age group.

Delayed resolution in an atypical
consolidation simulating carcinoma.

Atelectasis complicating pneumonia -
delayed resolution.

Lack of response to chemotherapy - delayed
resolution.
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Case 1. Example of delayed resolution in the older age
group.

S. Duffield, aged 37 years (see Chart I).

History: Admitted on the fourth dey of illness;
history of sudden onset with rigor, pain
in right side of chest and vomiting.

No previous illnesgses.

Examination:

On admission, sharply ill, "gray" and toxic-
looking, cyanosed. Intense pneumonic
consolidation of right upper lung.

Pulse irregular and heart fibrillating.
B.P. 130/70.

Type II pneumococci isolated from sputum.
Blood culture negative.

Total leucocyte count on admission was
only 2,000 per c.mm., and "Group I"

cells numbered 46 per cent. In spite

of this low count, chemotherapy was
commenced and subsequent counts showed a
progressive rise in the total count and a
fall in the percentage of "Group I" cells.

Plasma proteins rather low: total plasma
proteins 6.0 gm. per cent., albumen
3.2 gnm.

Progress: The heart had regained normal rhythm by the
sixth day (third day after admission).
Temperature and pulse did not return to
normal till two weeks after admission.
Allowed up on 35th day of illness and
discharged on 43rd day. B.S.R. on
discharge was 20 m.m. at the end of the
first hour.
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Case 2. Example of delayed resolution in the

Joungexr gge Kroup.

A. McAloon, aged 22 years (see Chart II and X-ray
plates - figs. Xla to X1d).

Histprx :

'Examination:

Progress :

Admitted on the fourth day of illness.
History of sudden onset with rigor,
pain in right side of chest, much
cough, and abundant rusty sputum.
Previous history of frequent attacks
of bronchitis, and also of a recurrent
sensitization dermatitis of arms and
legs.

On admission sharply ill, dyspnoeic and
cyanosed. Intense pneumonic con-
solidation of whole of right lung.
B.P. 115/e0.

Type II pneumococci isolated from
sputum. Blood culture negative.
Total leucocyte count on admission
was only 12,600 per c.mm. and "Group
In cells numbered 19 per cent.

Total plasma protein not unduly low;
plasma albumen, however, was only
3.2 gm. per cent. (normal value is
4 gm. per cent.).

Recovery very slow. Pulse rate remained

rapid throughout the illness. Allowed
up on 48th day and discharged on 57th
day. On discharge, pulse rate still
rather rapid, and B.S.R. still high -
80 mm. at the end of the first hour;
X-ray showed & considerable re81dual
opacity.

One month after discharge the X-ray was
much improved, although still far from
clear; +the plasme proteins had risen,
the plasma albumen being 3.6 gm. per
cent.

The previous history of bronchitis, and of

the allergic phenomena of asthma and der-

matitis may have been factors in the

extreme delay in resolution. The high
pulse rate throughout the illness was a
further notable feature.
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Case 3. Exemple of delayed resolution in an atypical

consolidation - simulating carcinoma.

D. Clark, aged 41 (see Chart III and X-ray plates :

History

figs. Xlla to Xlle).

Admitted on the fourth day of illness.

History of sudden onset with rigor,
pein in left side of chest, cough and
rusty sputum.

Examinstion: On admission, sharply‘ill, dyspnoeic,

Progress

ngray® and toxic-looking. Con-
solidation of left lower lobe. Heart
sounds of good quality. B.P. 120/60.
Type XV pneumococci isolated from
sputum. Blood culture negative.
Total leucocyte count on admission
was only 8,800 per c.mm., and "Group I"
cells numbered 8 per cent.

Plasms proteins rather low: total
proteins 6.0 gm. per cent.

Albumen 3.2 gm. per cent.

Four days after admission, the patient

developed signs of fluid at his left
base - a few cubic centimetres of
clear sterile fluid were aspirated
on three subsequent alternate days.
The temperature continued to swing
for many days and did not return

to normal till after the 30th day,
long after all signs of fluid had
disappeared. A notable feature
was that the patient complained of
severe pain at his left base up to
the 40th day. Allowed up on

52nd dsy, discharged on 60th day.
B.S.R. on discharge still high -

30 mm. at the end of the first hour.

The X-ray plates showed a rounded
opacity at the left base which in
the initial stages might well have
been mistaken for a carcinoms. Sub-
sequent plates, however, showed
clearing and proved that the lesion

was pneumonic.
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Case 4. Atelectasig complicating pneumonia and
resulting in delayed. resolution

W. Young, aged 64 (see Chart IV and X-ray plates :
figs. Xllla to X111d).

History : Admitted on the fourth dasy of illness.
History of sudden onset with, rigor
and pain in right side of chest.

No previous illnesses.

Exsminstion: On admission, sharply ill, "gray" and
toxic looking. Intense consoli-
dation of whole of right lung.

Heart sounds soft at all areas and
second pulmonic sound of poor tone.
B.P. 120/60. Type II pneumococci
isolated from sputum. Blood

culture negative.

Total leucocyte count very low,

2,400 per c.mm. and "Group I®

cells numbered 24 per cent.

Total plasme proteins 6.98 gm. per
cent., plasma elbumen 3.6 gm. per cent.

Progress ¢+ On 7th day after admission, while
patient still receiving sulpha-
thiazole, temperature rose again,
and drug was stopped on the assumpticn
that it might be drug fever.

However, it continued to swing, and
on the 24th day, patient had a
rigor. Re~infection was
diagnosed. Sulphathiazole was re-
commenced, temperature dropped
abruptly and drug was stopped.

On 32nd day, patient developed &
fibrinous pericarditis accompanied
by haematuria.  Very ill and
collapsed. By this time marked
shrinkage of whole of right chest had
developed with massive collapse of
right lung. Haematuria lasted two
days, pericardial friction persisted
for 10 days.

Recovery very slow. Discharged afte»
88 days in hospital and right lung
still showed much collapse. B.S.R.
on discharge 25 mm. (first hour
reading). One month after discharge
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the X-ray showed considerable improve-
ment; plasma proteins had risen -
total plasma protein 8.0 gm. per cent.,
albumen 5.2 gm. per cent. B.S.R. had
fallen to 10 mm.

Note t Massive’collapse in this case undoubtedly
prolonged resolution.
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Case 5. ZExample of lack of response to chemotherapy -

J. McCoo,

History

Examination

Progress

delayed resolution

aged 42 (see Chart V and X-ray plates:
© figs. X1Va and X1Vb). )

$ Admitted on the fourth day of illness.
History of sudden onset with rigor
and pain in right side of chest. No
previous illnesses.

: On admission sharply ill, very dyspnoeic
Pirst heart sound at apex soft and
second pulmonic of poor quality.

B.P. 130/90.

Pype II pneumococcus isolated from
the sputum. Blood culture negative.
Total leucocyte count on admission
only 10,100 per c.mm. and "Group I"
cells numbered 51 per cent.

Total plasma proteins 5.9 gm. per
cent., albumen 3.2 gm. per cent.

3 On the seventh day, temperature rose
again, and, as patient was not
responding to sulphathiazole, this

was discontinued. Thereafter,
tempersture, pulse and respirations
rapidly returned to normal. )
Allowed up on 2lst day; discharged
on 34th day. o

B.S.R. on discharge 14 mm.

(first hour reading).

This case illustrates the occasional
difficulty in diasgnosing drug
fever from the natural course of
the disease.
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CHAPTER V

“IHE BLOOD SEDIMENTATION RATH _AND RESQLUTION




The erythrocyte sedimentation rate is an important
index in assessing the activity of certain infections, e.g.
rheumatic fever and tuberculgsis, as it is well known that
the figures remain high so long as.the disease process |
remains active. My purpose in the present chapter is to
investigate the course of the blood sedimentation rate
(B.S.R.) in relation to the progress of resolution.

The B.S.R. was estimated in 55 of my cases - on
admission, and every seventh day thereafter. The method
‘employed was that of Westergren, and is described in
Chapter I. The limits of normal were taken as a fall by
the red cell column of up to 10 mm. by the end of the first
hour, and up to 30 mm. at the end of two hours. These
were the meximum outside limits accepted. (Average
nbrmal figures in healthy malés vary frém 2 to 5 mm. at

the end of the first hour, and up to 20 mm. by the end of

the second hour.)

In the series of cases, I found that there wes an
increase in the sedimentation rate of the erythrocytes
during the.acute illness, and, as the patient recovered,
the reading gradually fell. It was observed that the
figures reached normal at a variable period, and se it
seemed reasonable to study not only the actual height of

the B.3.R. in relation to the type of resolution, but
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also the period of time required for the reading to return

t0 normal.

(a) Time regquired for the B.S.R. to return to normal

This is depicted in Table 22 in relation to the
‘progress of resolution. In 82 per cent. of the cases
showing rapid resolution, the B.S.R. had returned to

normal by the zlst day.

H

TABLE 22

Time required for B.S.R. to return to
normal in respect of Resolution

Pime till B.S.R. Resolution
back to normal TTEETTE T r"“"f """ N
(Days) Rapid 1 Fair 1 Delayed
! !
- ; |
- 21st day .. |18 (82) i 3 E -
[} 1
2lst - 35th .. 4 ! 9 : 5
1 ]
35 days and over| - ! 1 ! 15 (75)
] ]
¥ )
Totals ... | 22 i 13 i 20

(The figures in brackets represent percentages of the
group totals)

In fair resolution, the majority of cases required from 21

to 35 days to return to normal. In cases showing delayed

resolution, the time required was longest: 75 per cent.
"~ of the cases in this group required more then 35 days

before the sedimentation rate was normal.
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(b) The height of the B.S.R. on sdmission in respect of
resolution ~

Graph II depicts the B.S.R. curves for cases of
normal, fair, and delayed resolution, obtained by plotting
the arithmetic mean of the B.S.R. reading at the end of
the first hour against the day of illness. (The appendix
to this chapter shows the individual B.S.R. levels.) It
is seen that the curve for delayed resolution lies well
to the right of the curves for rapid and fasir resolution.
Even at the 45th to 50th day, the reading in delayed
resolution is still well above normal. Very few estimations
were performed beyond the 50th day as, by that time, the
patien? was usually fit enough clinically for discharge from
hospital, although radiographs frequently revealed con-
siderable residual oﬁacities. From Graph II, it would
seem that the higher the initial reading the greater the
likelihood of a slow recovery. Could then one single B.S.R.
estimation on admission prognosticatebthe course of
resolution? When I analysed the curve for delayed
resolution mére particularly, I found that it comprised two
different curves which are depicted in Graph III.
| (1) Curve "A"™ (9 cases). Here, the second reading pldtted

which is the average mean of the B.S.R.'s in the
second week (8th to l4th days) was much higher than the
first reading. :

(2) Curve "B® (11 cases). The second reading was lower
) than the first, and the whole curve itself was below

curve "AR,

I found that the explanation of this seemed to lie in
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the fact that'the cases in curve "A" had pyrexia lasting
over seven days, while, ;n the cases comprising curve "B",
the temperature had completely settled by the seventh day.
Now, Table 23 shows that the initial B.S.R. bere no
relation to the actual height of the temperature on
admission. By estimating the B.S.R. daily during the acute
illness in a few cases, I did find, however, that there was

8 progressive rise in the readings during the period of

pyrexia.
TABLE 23
The B.5.R. in relation to
temperature on sdmission
Temperature on adm18310n (degrees F.)
e s S e e - ) - G T T W - W G S e TR G WD S e e A G W e A o T ————————
98-99 E 99-100:100-101:101—102:102-1035103-104
Z H i ! H
. ] ) ] ] ]
Number of 27 8 | 9 - S R & R
cases : : : : :
Average H | H : '
admission 60.2 1 8lL.2 1 59.4 1+ 70 1 18.6 75
] ] ] ] ]
B.S5.R. 1 1 ! ! !
: I II [} ] ]

Now in 1941, Fetter and Schnabel studied the effect of

Pyrex1a on the B. o R. They performed estimations in 41

patients receiving physically-induced fever in the hypertherm

before, during and immediately after therapy. No significant

variation was found between any of these readings and they

concluded that physically-induced fever had no effect on

the B.S.H. Again, in recent investigation on infective
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hepatitis,onod (1945) found no increase in the B.S.R. in
this disease during the first 10 days, even aslthough fever
was present. |

Pyrexia in itself, therefore, would appear to have
little effect on the blood sedimentstion rate. It must
be remembered, however, that one of the main factors in
producing an increase in sedimentation rate is the
extensive destruction of body cells which occurs in
infections and in toxic conditions, of which pyrexia is
Just & manifestation. While, therefére, the pneumonic
process remains active, the B.S.R. will remein high, and &

single estimation during the acute illness can be of little

~value.

B.S.R. and plasma proteins. Observers such as Hunt (1929)

and Gram (1921) have claimed that the plasma contains a

substence responsible for increased sedimentation rate, and it

is generally accepted that fibrinogen is the fraction most

- concerned. Hunt, H.F. made fibrin determinations in 47

cases and correlated them with the B.S.R. He found a

parallelism between increase in fibrin and increase in B.S.R.

Gilligan (1934) however, claimed that there was more to
this relationship than the fibrinogen conteht of the plasms
and he explained it on the physico-chemical properties of
plasma fibrinogen in respect of the effect on red cell

aggregation.
In my series, I have been unable to find any

|
1
i

t
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relationship between increase in fibrinogen and increase in
B.S.R.

Clinicel velue of B.S.R. in pneumonis. I have shown

that the time required for the B.S.R. to return to normal
varies with the progress of resolution. I found that the
most valuable B.S.R. readiné was that taken on fhe 2lst day;
If, by that time; the réading were still above normsal, then
a certain degree of delayed resolution resulted. The
clinical value of this lies in the factfthat often, by the
end of the third week, physical signs of consolidation have
disappeared completely, although radiographs may still reveal
éonsiderable underlying opacity. X-ray facilities are not
valways immediately available, and, in their absence, a
B.S.R. estimation is an excellent guide to the progress of
resolution.

Moreover, I found, as shown from Table 24, that the
height of the reading on the 2lst day would prognosticate
the degree of delay in resolution to be expected. Thus, if

the reading lay between 10 mm. and 30 mm. at that time, a

TABLE 24
The B.S.R. at the end of the Third Week
Potal Limits of Average
Cases readings reading
(mm. 1st hour)(mm. 1st hour)
Rapid resolution . 22 5 - 10 7
Fair resolution .. 13 10 - =26 17
Delayed resolution 20 28 - 120 50

moderate delay in resolution resulted, but if the reading were
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over 30 mm., then the delay was marked. Four of the cases
with readings of over 100 mm. (1lst hour) at the end of the
third week showed a very marked delay in resolution, and,

4 to 5 months after admission to hospital, radiological

examination still revealed opacities of varying intensity.
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APPENDIX
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APFPENDIX (Contd.)
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CHAPTER VI
|
LEUCOCYTES AND RESOLUTION J
|
Section (i) : Total Leucocyte Count.
Section (ii) : Differential Count.
I
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Several observers have shown that leucocytes are
actively phagocytic in pneumonia, and that they are
intimately concerned with the destruction of the invading
organisms. Further, as already stated, Opie has suggested
that the autolysis of the alveolar exudate is accomplished
by enzymes liberated from the leucocytes of the exudate.

It thus seems of importance to study the leucocyte response
in relation to the progress of resolution.

Total white cell counts and differential counts
were performed, on admission to hospital, in 101 cases of
my series. The methods empléyed are described in Chapter I.
Subsequent total white cell counts and differential counts
were performed every third day thereafter during the acute
illness. In the great majority of cases, this comprised
three estimations, namely, on the first day, the fourth day
and the seventh day.. In cases where pyrexia persisted
after the seventh day, counts were continued until the

tempersture had returned to normal.
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SECTION

(i)

Total Leucocyte Count

Pneumococcal lobar pneumonia is typically associated

‘with a leucocytosis, generally between 10,000 and 40,000

~cells per c.mm.

Cole (quoted by Héffron) in a series of

463 cases, found only 6 per cent. with a white cell count

below 10,000, and only 8 per cent. with a count over 40,000.

In my series, Table 25 shows that leucocytosis (a total

white cell count over 10,000 per c.mm.) was present in 75 per

cent. of the cases on admission, before commencement of

chemotherapy.

ITABLE 25

The Admission Leucocyte Count in respect of

the Progress of Resolution

Under | 10,000~ 20,000~ | 30,000-| 40,000 -
10,000 | 20,000 | 30,000 | 40,000 | 50,000 |pqia14d
cells | cells | cells | cells | cells
per c.mm.| PET CJIM | per c.am.| per CJim{ per C.mm.
Total cases 25 48 <0 7 1 101
|Rapid 11 | 17 10 4 1 43
resolution
Fair 3 14 6 - - 23
resolution
Delayed 11 i7 4 3 - 35
resolution| (44) (55,4) (20) (43)

(The figures in brackets represe?t percentages of the group
total.

Table 25 depicts the relation of the admission total

white cell count to the progress of resolution.

It is
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seen that cases with counts between 20,000 and 30,000 cells
per c.mm, showed the smallest percéntage of delayed |
resolution. O0f the 25 cases in my series with counts below
10,000 cells per c.mm., 44 per cent. developed delayed
resolution. NQW it has long been recognised that leucopenia
is of serious ;;ognostic significance as regards the
fatality rate. In addition, Chatard (1910) has observed
that in patients over thirty years of age and, espepially in
those over fifty, the leucocyte response may be less
vigorous. Three of my cases had counts on sdmission below
5,000 cells per c.mm. and it is noteworthy that all three
were over 40 yéars of\age and subsequently showed very
marked delay in resolution. In spite of the leucopenia
they received chemotherapy and successive counts showed a
progressive increase in the leucocytes. In no case did
agranulocytosis develop. |

Fleming, J. (1936) in a series of cases studied at
the Royal Infirmary, Glasgow, has shown that the type of the
infecting organism has an influence on the leucocyte count
in lobar pneumonia. He demonstrated that a count of over
20,000 cells per c.mm., during the first three days of the
illness, was characteristic of most cases of Type I or
"Group IV" lobar pneumonisa. In Type II and Type III
infections, on the other hand, the lqucocyte count was
usually below this figure. Table 26 demonstrates that my

results were very much in keeping with his findings.
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TABLE 26

Admission Leucocyte .Count in respect -
of Type of Infecting Organism

Type r--_-QEEi‘EQSX’EEE'_%EEQE§§E§§1-P§£‘-$;@E;----
-10 : 10-20 ; 20-30 : 30-40 : 40-50

i i | H
| 1 [} []

I - : 5 Y 5 1 1 1 <
[} } 1 1

1T 18 i\ 28 | 7 + 85 ) .
1 1. ] 1

III - 03 4 - 0 -
i : i i

IV 7y &2 } 8 ! 1 1t -
1 H [} !
P | | H

Total 25 1 48 | 20 | 7 | 1
Cases | [ [ [

Now, it has already been shown that Type II and Type iII
infections are responsible for the majority of cases 6f
delayed resolution. Thus, these infections are associated
both with low leucocyte counts and delay in resolution.
Another interesting observation from Table 25 is that
thfee of the eight cases which had leucocyte counts of over
30,000 cells per c.mm. developed delayed resolution. This
would seem to indicate that an unduly high leucocytosis may
also be unfavourable in respect of the subsequent course of
resolution. - The explanation of this apparent paradox may
be that overstimulation of the leucopoetic mechanism and
leucopenia are possibly both manifestations of a poor
defensive response. In one individual, lack of resistance
will result in an overabundance of immature polymorphonuclear

cells in the circulation, while, in another individusl,
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leucopenia may ensue.

SECTION (ii)

Differential Count

(a) Polymorphonuclear neutrophile count

During the acute illness there is ah absolute and
relative increase in the neutrophile polymorphonuclear cells.
Table 27 shows the average absolute poiymorphonuolear count,
on admission to hospital, in relation to the progress of
resolution. The average figure found in rapid resolution~
is only slightly abové that for fair resolution, and the
latter is also not signiiicantly greater than the average
figure in cases showing delayed resolution.

JABLE 27

Admigsion Polymorphonuclear Count
in respect of Resolution

Rapid Fair Delayed
esolutioriesolution|{Resolution

Total cases .. 43 ed | 35

Average absolute
edmission Pdlys.| 15,918 | 13,873 12,408
(per c.mm.) -

Thus, there does not seem to be any significant relationship
between the height of the polymorph count on admission and

the progress of resolution.
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The presence of young forms of leucocytes is the
rule in the acute stage of pneumonisa. Myelocytes and band
cells are the youngest forms of pg}y@q;phs, and Cooke, in a
modification of the Arneth cqunt, has grouped them
together as "Group I" cells. From Fig.28 it is seen that
the absolute "Group I" cell count on admission is highest in
rapid resolution, but that it falls more quickly to normal
levels than in fair or delayed resolution. From this it
would appear that a high proportion of immature polymorphs
is a normal phenomenon gt the commencement of the illness.
An explanation of the somewhat slower return of these cells
to normal figures where resolution is delayed, may be that
the infection is still latent and continues to provide a
stimulus to the leucopoetic mechenism. It is interesting
to note that I have only seen two cases (not included in
this series) in which the absolute "Group I" cell
percentage rose after the commencement of treatment - and
both cases died. Here once again, therefore, overstimulation

of the leucoposetic mechanism seems an unfavourable sign.

(b) Monocyte count.

Robertson and Uhley (1936) found that, in pneumonia
during the process of resolution, a large number of mono-
nuclear cells appeared in the alveolar exudate. They
studied the post-mortem findings in forty cases and claimed
that these cells were derived from the cells of the

alveolar walls. They found as resolution progressed they
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increased, and gradually replaced the polymorphonuclear
cells. Wherever a good macrophage reaction was present,
pneumococci were few. Hickling (1927) has studied the
relation of ﬁonocytes in the peripheral blood to pneumonia.
He demonstrated that .a monocytosis occurred which was
greatest at the time of the crisis.

In the present series the relationship of the
absolute blood monocyte count to the progress of resolution
is depicted in Pig. 29. It is seen that in rapid
resolution the initial count is high, and the figure falls
in subsequent counts. In fair resolution, the absolute
figures are fairly constant throughout. In delayed
resolution the admission monocyte count is low, and
the figure rises in subsequent counts.

From the above findings it would appear that a
low initial monocyte count is associated with inhibition

of resolution.
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CHAPTER VII

THE PLASMA PROTEINS AND RESOLUTION

Introduction.

Section (i) ¢ Relation of total plasma proteins and
individual fractions to the
progress of resolution.

Section (ii ¢ Influence of certain factors on the

plasma proteins.

Section (iii) Cause of low plasma proteins in

delayed resolution.




INTRODUCTION

In recent months there has been considerable
investigation on the subject of shock and hypoproteinaemia.
It has been found that low plasma proteins are a-common
finding in such conditions as burns, crush injuries, and
injuries involving the soft tissues. Now, as the
pneumonic process involves a great outpouring of plasma
into the pulmonary alveoli, it seems relevant to study
the relation of the blood plasma proteins to the
progress of>resolution.

I will first summarize some details about the
plasma proteins. There are three main fractions -
albumin, globulin and fibrinogen,sll forming part of a
single loosely-bound proteins system. It is generally
accepted that the liver is the main site of origin of the
plasma proteins. Plasma albumin and plasma fibrinogen
seem to be formed exclusively in the liver: plasma
globulin is formed mainly in the liver but also in the
reticulo-endothelial system. The liver, as well as being
the centre of production of the plasma proteins, is also
the main storage depot, although many other tissues to a
lesser extent hold reserves.

.v The normal albumin-globulin ratio is 1.6 to 1, and
the normel limits of variation of the plasma proteins can

be taken as:- total plasme proteins, 6.0 to 8.0 gm. per cent.;:
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albumin, 4.0 to 5.5 gm. per cent.; globulin, 1.6 to
3.0 gm. per cent.; fibrinogen, 0.2 to 0.4 gm. per cent.
~The plasma proteins have three chief functions -

(1) They exert an osmotic pressure and thus control the
interchange of fluid between blood and tissues

| (2) They play s part in'regulating the acid-base
equilibrium,.

(3) The fibrinogen is necessary for the clotting of the
blood.

Plasma protein estimations were performed in 53
'of the cases of pneumonia on admission to hospital. As
controls, the values of the plasma proteins were estimated
in 33 healthy individuals who were obtained partly from
the hospital staff, partly from pneumonia ex-patients and
rartly from blood donors. The methods employed are
described in Chapter I - %he refractometric technique
for the total plasma proteins, and the biuret method

for the individual fractions.
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SECTION (i)

Relation of Total Plasma Proteins and Individual
Fractions to the Progress of Resolution

(1) Total plasma proteins

Of the 25 cases showing rapid resolution, only three
caées (12 per cent.) had total plasma proteins below
6.0 gm., whereas, of the 20 cases developing delayed
resolution, 50 per cent. had values below 6.0 gnm. Table 30
gives a broad distribution of the cases into two groups
(values above 6.0 gm. were considered normal) and Table 308
shows a more detailed distribution. The individual plasma

protein levels are given in Appendix A at the end of this

chapter.
PTABLE 30
Edmission Total Plasma Proteins in
respect of Resolution
Total |--1otel_plasma proteins
per cent. pent. and over
1 .
Controls 33 - 5 33
Repid 25 3 ] 22
resolution}. :
Fair B 6 l' 2
resolution :
l
Delayed 20 10 ! 10
resolution :
: ]
TOTALS 53 19 3 o4
!

Note: - "Totals" in Tables 30 to 33 exclude controls.
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TABLE 30a

Admission Total Plasma Proteins in respect of Resolution

Total pl i
Total |-o31 Pl2sme proteins (gremmes per cent. )
Cases 4,.0-4. 905 0-5. 9'6 0-6. 9:7 0-7.9 ;8.0-8.9
i i \ i
Controls ..| 33 - 1 - ) 16 ) 14 ; 3
] ! { [}
] [} 1 [}
Rapid ) 1 i |
resolution| &9 1 e \ 1
| i | t
Fair _ i 1 ] i
resolution 8 : 6 ' L | - : 1
] i 1 ]
Delayed 20 2 \ 8 i 9 i 1 : -
resolution ! : . |
1 i 1 1
U :
Totals ..| 53 3 E 16 E 23 1 9 P2
. 1 I L 1

Graph IV depicts the percentage frequency distribution
of the total plasma proteins. As the cases of fair
resolution were too few in aumber to be considered separstely,
they have been grouped with those showing delayed
resolution in one curve. It is seen that this curve lies to
the left of the curve for normal resolution and the curve for
the control cases.

The arithmetic mean figures for the total plasma
proteins in the various types of resolution and in the control

cases were as followss -

Control cases s 7.3 gn. per cent.
Rapid resolution : 6.7 gm. per cent.
Fair resolution : 6.0 gm. per cent.
Delayed resolution: 5.9 gm. per cent.

(2) Plasme slbumen

Table 31 shows that only 28 per cent. of the cases
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'Showing rapid resolution had plasma albumen levels below
4.0 gm., whereas 85 per cent. of the cases showing delayed

resolution had values below this figure.

LABLE 31

Admission Plasma Albumen in respect of Resolution

Plasma Albumen
Total [----===-==-= [-r=s=-=-=-<
per cent. | prer cent.

[]

Controls ... . 33 1 : 32
1

Rapid resolution. 25 7 (28) : 18

Fair resolution . 8 5 H 3

Delayed resolution| 20 17 (85) 2 3
i

TOTALS ‘e 53 29 : 24
(]

(The figures in brackets represent percentages of
the group totals),

The arithmetic mean figures for plasma albumen in the
various types of resolution and in the control cases were as

follows: -

Control cases . 4.85 gm. per cent.
Rapid resolution 4.3 gm. per cent.
Pair resolution 3.75 gm. per cent.

Delayed resolution: 3.45 gm. per cent.

ae 95 oo
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(3) Plasma globulin

TABLE 32

Admisgion Plasma Globulin in respect of Resolution

Total Plasma globulin
Cases Ii"é';ﬁl"‘ri"é"—'é’é'?'5’61’ “am.
per centngmLyercentl per cent.
I l
[} !
Controls .. 33 5 ; 26 ! -
Rapid i |
resolution .| 25 6 ' 15 | 4
(24) E (60) E
Fair 8 3 1 5 1 -
resolution . ' d
Delayed 20 4. | 12 : 4
resolution | (20) E (60) E
'. t
TOTALS .{ 53 13 ' 32 ' 8
| [}
1

(The flgures in brackets represent percentages of the
group totals.)

It is seen that, for plasms globulin, the percentage
of cases showing low vdalues (below 1.6 gm.) shows no
statistically significant difference between rapid and
delayed resolution. Eight cases had values above normal,

but again these cases were distributed evenly between delayed

and rapid resolution.

(4) Plasme fibrinogen

The figures for plssma fibrinogen were above normal

(that is, 0.5 gm.) in 62 per cent. of the total series of cases.ﬂ
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- TABLRE 33

Admission Plasma Fibrinogen in respect of Resolution

Total |-—mm- Plasma fibrinogen _ _
Cases | - 0.5 gn. 1+ 0.5 + gn.
per cent. | per cent.
i
ContrOlS LI I . 53 33 : bl
i
Rapid resolution 25 9 | 16 (64)
)
Fair resolution . 8 3 i 5
]
Delayed resolution 20 8 ! 12 (60)
E
TOTALS .... 53 20 : 33 (62)
: ]

(The figures in brackets represent percentages of the
group totals.)

There was, however, no significant difference between this
increase in delayed and normal resolﬁtion. The values for
the controls all lay below 0.5 gm. per cent. The increase
in fibrinogen had, therefore, no effect on the course of
resolﬁtion. Sfﬁj in diseases accompanied by a leucocytosis,
Pfeiffer (quoted by Hunt) found an increase in fibrin. In
thé present series, however, I was unable to find any

correlation between the degree of leucocytosis and the

plasms fibrinogen values.

Discussion

In 1931, Kumpf performed plasma protein estimations
in 13 cases of lobar pneumonia, using both the refractometric

method and the micro-Kjeldhal method. He found that in
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all but one case the total plasma proteins were lowered,
and the values given by refractometry tended to be higher
than the micro-Kjeldhal. Further, he found that when the
plasma albumen alone was studied this reduction wes more
striking. The plasma globulin showed a decided increase
in most of the cases.

My findings in the present larger series are in
agreement with those of Kumpf. In respect of the progress
of resolution, it is seen that in cases showing rapid
resolution, the fall in both total plasma proteins and in
plasms albumen does not generally drop below the limits of
normal variation. In cases developing delayed resolution,
however, a considerable proportion have values below normal.

It now remains to discover in what way low plasma
proteins are related to delay in resolution. In the next
section, therefore, I shall correlate hypoproteinaemia with
thé factors already shown to be intimately concerned with
the incidence of delayed resolution. Further, the question
arises as to why the decrease in plasma proteins should be
due to a fall in the albumen fradtion?' In answering this
‘question I shall try to find en explanation for low plasma
albumen which will at the same time explain the accompanying

delay in resolution.
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SECTION  (ii)

The Influence of Certain Factors on
the Plasma Protein Level

In Table 34 I have correlated low plasma proteins
with the factors which were found to be concerned in the

incidence of delayed resolution.
LABLE 34

The Incidence of Low Plasma Proteins in Pneumonia

Density of] _|Duration Type of
Age Consoli- |Bacteriq 1n days infecting
dation semia [1ll prior| ,p.anigm
to admifsion = .
_____________ RSP SRR LA v W
- 40140 + hirporn |posieg| -4 14 | 11 1 117 "GP
yrs.:yrs. i s: eg i + I: II :II:IV"
T 1 1 1 T L] T
' | | | v
fotal |20 | 33 | BLi1 22 | 3150 32 132 | 41301 2117
series ] I ! | I I i
i 1 1 o ) 1 I
[} ! 1 ] i 1 ]
| 1 [} 1 [} I 1
Total i | Pl i | b
plasma | 5 ! 714 14) 5 - 1t19/11 { 8fzelizl) -} 5
roteins{(z5) (42.4) | (45)X 22.7) ; (2.2 1(38) (40) | Y(29)
-6 gm. 1 1 1 1 1 1 1
eroeny | : : : R

(The figures in brackets are percentages of the grouﬁ totals.)

An analysis of the figures in Table 34 suggests the
following conclusions.
(a) Age. The importance of the age of the patient_is
menifest, as the incidence of hypoproteinaemia in those
over 40 years is almost double that under this age.

From this we may conclude either (1) that older

people do have lower plasma proteins physiologically or
(2) that pneumonia as an infection causes greater

depletion of the plasma proteins in older people.
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| Now, several investigators have studied the relation

(b)

(c)

(a)

(e)

/

'of age to plasma proteins (Trevorrow and others, 1941)

and have shown that age has no effect on the plasma
ﬁrotein level. Hence, it may be concluded that
pneumonia, itself, causes greater depletion of plasma
proteins in older people.

Density of consolidation. The more dense the con-

solidation the greater the percentage of cases with
hypoproteinaemisa. This will be discussed more fully
in relation to cause of low plasma proteins.

Bacteriaemisa. The number of bacterisemic cases was

too small to be significant, but it is curious that
none of the cases with positive blood cultures had

hypoproteinaemia.

Days ill prior to admission. Of the cases under four
days ill prior to admission, 34.3 per cent. had low
plasma proteins, whereas of the cases over four days ill
prior to admission, 38 per cent. had low plasma proteins.

There is no significant difference between these figures.

Type of infecting organism. Here again, the numbers
are small. We can say, however, that Type II
infections show a higher percentage of low plasma

proteins than "GroukaV“. The finding of normal

| plasma proteins in the'twc cases of Type III infectidn

may be explained by the fact that both these cases
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occurred in patients under 45 years of age, and both
showed rapid resolution. It is known that when Type III
is the infecting orgenism in younger indi#iduals, the
illness is usually mild in contrast to the severe

illness which a Type III organism produces in fhe

older individual.

Once again then the impoftanoe of the age of the
patient is evident. In addition, the density of the
consolidation is of considerable moment in the incidence of
hypoproteinaemia. It is to bg remembered that these same
two factors, namely, the age of the patient and the
density of the consolidation were also the most important
factors in the occurrence of delayed resolution. It seems
reasonable, therefore, to conclude that low admission
plésma proteins are in some way intimately concerned with

\

‘delayed resolution.
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SECTION (iii)

What is the cause of the low plasma proteins? Here,

I wish to discuss four possible explanations.

(1) Loss of plasma in the exudate

. It is reasonable to assume that the more dense the
pneumonic opacity, the greater will be the outpouring of
serum into the alveoli with a corresponding withdrawal of
plasma from the blood stream. And indeed, the findings in
Table 35 show thet intense consolidations are associated
with a high proportion of low plasma proteins.

LABLE 35

Admission Plasma Proteins in respect
of Density of Opacity

Total plasma Plasma Plasma Plasma
proteins albumen Globulin Fibrinogen
------------------------------------------- o o o
-6.0 gn.;6.0+gmn-4.0 g '&.O,-s»gm oL 6gn. 1.6+, =0.52m!0.5 +gm
per | per per : yer Jper : per per 1 per
cent.icent.|cent.icent. ent.icent. cent.; cent.
. ; | :
P : | '
Lotal 19 1 34| 32120 |13 1 40 | 23 ! 30
series .. ! : ! :
] 1 ! i
Cases with | | 1 :
opacity of 14 ) 17 2z 19 10 : 20 11 ! 18
Density (74) ! (50) (66-@:(43) (77) :(50) (48) y (60)
I
] ] ]
] 1 i

HIIIH .o

(The figures in brackets are percentages of the group totals.)

In the first three columns, namely total plasma
proteins, plasma albumen, and plasma globulin, there are a

greater percentage of cases showing an opacity of density
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"III" where the values are below the normal limits. Now,

I have already shown that the density‘of the consolidation

is one factor in the incidence of delayed resolution.
However, merely to attribute the low plasma proteins found in
delayed resolution to outpouring of exudate into the alveoli
would fail to explain why it is the albumen fraction which

is reduced in delayed resolution, as the various fractions
should be affected to an equal extent. 'In addition it would
also fail to explain why age, which is intimately related to
hyprproteinaemia and delayed resolution, bears no relation

to the density of the opacity.

(2) Nutrition

 liuch Work hes been done recently on the relation of
diet to the plasma protein level and it has been shown that
an sdequate intake of animal protein is essential for their
maintenance. Figures from the hliinistry of Labour survey
show thet the average consumption of animal pfo%ein in
working-class families had fallen from 40 gm. daily per head
in 1937-38, to 29 gm. in 1941, and 33 gm. in 1943. Attempts

have also been made recently to determine the effects of

single amino-acid deficiencies, and it has been shown by

Harris, Neuberger and Sanger (1943) that lysine, which is

mainly derived from animal protein, is essential for the

maintenance of serum proteins.

It may be, therefore, that deficient dietary has caused
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low naturel plasma proteins, and that the increase in
delayed resolution, which has occurred since the introduction
of chemotherapy, may be related as much tq e wartime dietetic
insufficiency of animal proteins as to chemotherapy which
has happened to coincide very broadly with this period. In
twelve of my cases who had low plasma proteins on admission
‘and who developed delayed resolution, a subséquent estimation
was performed one month after discharge from hospital. As
seen from Appendix B, the values of the total plasma proteins
and of plasma albumen had risen by then well above the
normal minimum except in one patient who suffered from
alcoholic cirrhosis of the liver which would be very likely to
confuse the findings. The rise in plasma proteins might be
explained by the fact that these cases had a more adequate
diét while in hospital which was continued by attentive
relatives in their convalescence at home.

‘"he supposition that deficient dietary in itself
might be responsible for low plasma proteins and delayed
resolution has many attractions. Several observers have
shown sthat races having a high protein intake, particularly
of animael proteins, are more virile and of better physique
than those wifh a low animal protein intake. It is also
well known that malnutrition predisposes to infection, as
demonstrated, for instance, in marasmi? infants and again in
the incidence of tuberculosis. Indeed, if seems likely

that resistance to infection is related in some way to the
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plasma proteins. If this be so, then in any individual
with low natural plasma proteins as a result of deficient
dietary, the response of the defensive mechanism to invasion
with the pneumococcus would be inadequate, and delay in
resolution might well result.

But again, this does not explain why it is chiefly
the albumen fraction which is reduced in delayed
resolution, as nutrition would affect the various fractions

to an equal extent.

(3) Hepatic dysfunction

L]

It is generally agreed that the liver is the main
site of origin of the plasma proteins. The albumen seems
to be formed only in the liver, whereas some globulin is
produced by the reticulo-endocthelial system in addition to the
liver. Thus, an overwhelming toxaemia from a severe
infection might well damage the liver and bring about mal-
prdduction of the plasma proteins, and the fraction chiefly
affected would be the plasma albumen. It has indeed been
shown that diseases of the liver such as infective hepatitis
do produce this result. It may be then that low plaéma
proteins in pneumonia reflect the extent of the liver damage
caused by the infection. In addition, the fact that the
age of the patient is such an important factor in the
incidence of delayed resolution and in hypoproteinaemia might

find an explanation in the degeneration of liver cells,

which accompanies advancing years.
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(4) "Oligaemic shock"

D.P. Cuthbertson (1944) and other investigators in
studying the relation of hypoproteinaemis to burns and trauma
have shown that in these conditions there is a loss of blood
and/or plésma to the tissue spaces accompanied by reduced
blood volume and "oligaemic shock'. The clinical picture
in pneumonia is comparable, due to the great outpouring of
plasma from the blood stream into the alveoli. Some of
the typical signs of dehydration and reduced blood volume
are manifest in a sharply ill case of pneumonia, for example,
the dry, coated tongue and the rapid, feeble pulse.

During this period of "shock™ the blood flow to the organs
is impaired, and, in severe cases, this results in
albuminuria, myocarditis, and, if the liver is affected,
Jaundice. In addition, in a severe case of pneumonia there
is considerable toxaemia. This toxaemia will effect the
capilleries rendering them more permeable. ?ﬁfﬁ as I have
already stated, the albumen is the fraction of the plasma
protein having the smallest molecular weight, and it will
pass through the damaged capillaries more readily, and this
may explain why it is the albumen fraction which is reduced
in delsyed resolution. Again, on account of its smaller
molecular weight, it is the albumen portion Which exerts the
greatest osmotic pressure. Normally, the osmotic pressure
of the plasma proteins tends to attract water from tissues

to blood and this is counter-balanced oy the filtration

pressure exerted by the blood pressure which tends to draw
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water from blood to tissues. Ngy) where there is a marked
fall in the albumen one might expect to find ocedema
clinically. Some of my cases had plasma albumen levels as
low as 2.0 gm. per cent. and yet there ﬁas no evidence of
oedema. ihat is the reason for this? It may readily be
explained by the "shock" theory, for, in these toxic cases,
there is a reduction in blood volume with & resulting fall
in blood pressure. Thus it is that a fall in plasma
proteins is counterbalanced by a fall in blood pressure,and
no oedema results.

Now, if low plasme proteins are due to oligaemic
shock, géy not delay in resolution be related to this also?
The best way of estimating the degree of shock is by
assessing the condition of the cardio-vascular system. Thus,
in the next chapter I Will’discuss the progress of

resolution.in relation to the circulation.:
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APPENDIX A

Admission Plasma Protein Levels
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APPENDIX A (Contd.)

Admission Plasma Proteins :
Patient |A Type of 1"R0tal Vo HPSU P Resol-
-atlen 8¢ orcaniem | Boeor | Plasme| Plasma] Plasma [ution
5 | flasma I\l bumen IGLobulin!Fibrinoge:
PI‘OT;G.‘LIS' ! '
T T L
A | 22 I1 6.12 | 3.2 | 2.42 | 0.5 |DELAYEL
_ : ! | Resoll
D.H. 35 I 5.25 + 2.4 1 2,25 1 0.6 )
D.C. 41| "Group Iv'| 6.0 | 3.2 | 2.45 | 0.35 ys
J.uiC- 42 II 5.9 ) 3.2 ! 1.9 I o.8 ’s
J.G. 43 I 7.63 1 4.5 1 £.63 1 0.5 '
J.B. 45 I 5.25 | 3.2 | 1.4 | 0.65 -
J.J. 47 11 5.26 ! .2 ) 1.7 )} 0.35 ,s
LuCe 47| "Group IV" | 5.5 1 3.4 1+ 1.75 1 0.35 )y
T.P. 49 11 4.5 | 3.4 | 0.7 | 0.4 ),
J.C. 50 II 5. ' 3.0 ! 2.2 ! 0.3 '
WK, 50 11 6.0 1 5.6 1 1.5 1 0.9 y
. C. 52 11 6.75 1 3.6 | 2.85 1 0.3 ys
R.S. 57|"Group IV'| 6.5 | 4.2 ! 1.75 ! 0.55 ’s
J.B. 61 |"Group IV" | 6.77 | 5.4 1 5.05 1 0.82 ys
S.D. 61 I 6.0 3.2 | 2.15 ; 0.65 ys
J.C. 61 II 5.75 ' 2.0 } 3.35 ! 0.4 ys
Ww.Y. 64 II 6.98 1 3.6 | 2.48 1 0.9 )
F.O. 65|"Group IV" | 6.0 3.1 ; 2.5 | 0.4 ’s
D.G. 65|  II 6.28 ! 4.0 ! 1.4 ! 0.85 ,s
T .. 70|"Group IV"| 4.0 | 2.2 | 1.55 | 0.25 ys
! ) | 1
I I !
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APPENDIX B

Comparison of Plasma Proteins on Admission
and after Discharge

Total Plasma Plasma Plasma Plasma :
. |--Brotein ___|__ Albuwen __J___ Globulin __}_ Fibrinogen __| !
i oS E o BN ) el
ml‘SSlon}charb'e mlssmni chargemi ssioni charge mission E charge
: , ! | &
p.c. | 6.0 !7.az| 5.2 | 5.0 | 2.45 | 217 | 0.35 1 0.25 |
J.B. | 5.25 1 6.0 | 5.2 1 4.8 | 1.7 1 0.8 | 0.85 | 0.4
AJC-| 5.6 | 8.06 | 3.2 | 4.8 | 1.75 | 2.86 | 0.65 ! 0.4 |
4.C. | 5.7 18.06| 5.4 {5.2|1.85 | 2.51| 0.5 10.35 |
D.h. | 5.25 | 6.5 | 2.4 | 4.4 | 2.25 | 1.65| 0.6 | 0.45 |
5.5. | 5.25 ! 7.45 | 3.2 | 5.0 | 1.7 1 z.07| 0.5 | 0.35 ||
Jud. | 8.06 § 7.2 | 4.4 1 4.4 | 2.81 | 2.45| 0.85 | 0.55 f
W.S. | 5.285 E 7.63 | 4.4 | 4.8 [ 0.3 | 2.48| 0.55 ! 0.35 | |
W.E. | 6.5 1 7.42| 4.4 | 4.5 | 1.7 | 2.52| 0.4 1 0.3 E
M.C. | 6.75 | 7.85 | 3.6 | 4.8 | 2.85 | 2.75| 0.3 | 0.3 [ |
W.t. | 5.68 1 8.0 | 3.6 | 5.2 |27 124 | 05 0.4
Jue-| 6.1z 1 7.42 | 3.2 | 8.6 | 2.42 | 8.82| 0.5 | 0.5
: { ) ' | |




CHAPTER VIII

THE CIRCULATION AND RESOLUTION

Section (i) : Cardio-Vascular Involvement
in Pneumonisa.

Section (ii) The Relation of Cardio-Vascular
- Involvement to the Progress
of Resolution.
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. It is well known that the circulatory system is
often affected in pneumbnia. In Section (i) of this
chapter, the various manifestations of this involvement as
it affects the pulse, the blood pressure; and the heart,
will be reviewed. In Section (ii) these will be

further investigated in respect of the progress of resol-

ution.

SECTION (i)

Cardio-vascular Involvement in Pneumonig

During the febrile period in pneumonia one expects
a rise in pulse rate. A gradually increasing rate is,
however, usually of serious prognostic significance.

Observers such as Chatard and Cole (both quoted by Heffron)

have demonstrated that cases in which the maximum pulse
rate is 120 or under have a better prognosis than others
in which the rate exceeds this figure. The following table

from Cole shows that, in his series of cases, the fatality

rate increased sharply as the maximum pulse rate increased.
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TABLE 36
(from Cole)

The Pulse Rate in Pneumonia

Maximum Pulse | Number of | eemcmeaeaa PE?E§§_---_--.__-
rate per minute| Cases Number | Per cent.
%
Under 100 .. 28 - E -
100 - 110 .. 89 : 1.1
110 - 120 .. | 114 6 | 5.3
120 - 130 .. 206 24 H 11.7
130 - 140 .. 139 28 E 20.1
140 - 150 .. 108 55 ' 50.9 ’
150 - 160 .. 41 19 | 46.3
160 and over. 43 27 E 62.8
TOTAL .. 768 i

In regard to the blood pressure in pneumonia, the
results of repérted studies show little uniformity and vary
from case to case. It seems that sudden changes of blood
pressure are more important than any single absolute
pressure. There is general agreement that a rapid fall in
blood pressure, if associated with a persistently répid
pulse, is of bad omen.

Signs of cardiac involvement are frequently elicited.
Systolic murmurs, apparently functional in origin, may
appear during the course of the disease and‘disappear in
convalescence. These are claimed to be due to dilatation

of the heart but this cannot often be demonstrated - Davies,
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Hodgson and'Whitby,'in their series of.ll9 cases, found
only 3 cases with cardiac enlargement on radiographic
examination. Aéain, the first heart sound may become soft
and approach the second sound in quality - another
unfavourable. omen. The pulmonic sound may be accentuated due -
to back pressure obstructing the pulmonary circulation and

a lessening of its intensity may indicate & failing heart.
Auricular fibrillation occasionally occurs during the

height of the disease. A survey of 1,456 cases by Cohn and
Lewis (1935) at the Hospital of the Rockefeller Institute for
Medical Research showed that auricular fibrillation

occurred in 37 cases, or 2.5 per cent.

In 1915, Porter and Newburgh showed that the heart
muscle is not functionally impaired in pneumonia. They
perfused the hearts of dogs which had died from pneumonia
with normal dog blood and showed that théy contracted
normally. Several observers since then have claimed that
circulatory failure in pneumonia is eséentially not a
failure of the central but of the peripheral circulatién.

Warfield considered that when bacteria invade the body they '%

'produce’certain histemine substances which cause capillary f
- dilatation. In addition, the toxic products of the :
bacteria acting on the capillaries cause an increase in
their permeability. Thus, the condition of "shock" is
produced. There is vascular stasis and deéreased blood
volume, lowered blood chlorides, haemoconcentratidn, and a

fall in arterial blood pressure. The heart beats rapidly E
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to keep up the minute blood volume, and, according to
Warfield, at first it becomes smaller in size because it is
ﬁot stretched during diastole. = Dilatation of the heart
only occurs secondarily - the coronary arteries, which are
the blood supply of the heart, fill during diastole, and,
when the heart beats rapidly, the coronaries receive less
blood. The heart will, therefore, receive less oxygen
and dilatation will then ensue.

(It is of interest here to consider the treatment
of auricular fibrillation in pneumonia. There are various
supporters for ardagainst digitalis therapy. On the one
hand, it is claimed that the condition is due to toxaemia,
and that since digitalis has no eftfect on the toxic heart,
there is thus no therapeutic indicétion for its use. On
the other hand, one might argue that if anoxsemia of the
heart muscle is the basis of auricular fibrillation, then by
slowing conduction of the cardiac impulse with digitelis,
the coronaries should fill more efficiently. As & result,
the heart‘will receive a better blood supply and auricular
fibrillation will disappear. In my series of cases, only
three developed auricular fibriliation. They were rapidly

digitalized with digitalis leaf (2 gm. every 6 hours) and, in

three to four days,_normal rhythm was resumed in each case.)
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SECTION (ii)

The Relation of Cardio-Vascular Involvement to
the Progress of Resolution

(a) Pulse rate in relation to resolution

Here the maximum pulse rate during the first 24 hours
was chosen, excluding‘the first pulse rate which may be
unduly raised from the excitement of admission to hospital.
In Tabie 37, I have grouped the cases according to whether
the rate was above or below 110 beats per minute. This
'gave approximately an equal number of cases in both groups.
It is seen that a highef percentage of casés with a high
pulse rate developed delayed resolution.

TABLE 37

The Pulse Rate in respect of Resolution

Pulse rate | potal Rapid Fair Delayed |
on Cases Resolution |Resolution|Resolution 1
admission ‘
Under 110 72 35 17 20 :
beats per (27.8) |
minute .. ;
110 beats 76 26 17 33
per minute ' (43.4) :
and over . {

(The figures in brackets are percentagesof the group
total)

(b) Cardiac lesions and resolution

The term myocarditis, used in Tgble 38, includes
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cases which displayed soft heart sounds, a shortening of the
first sound and approach to the second in quality, or s
marked lessening in intensity of the second pulmonic sound.
It is seen that none of the 13 cases with myocarditis nor the
three cases with transient auricular fibrillation showed
rapid resolution. The percentage of delayed resolution in
these cases was very high.

LTABLE 38

Cardiac Lesions and Resolution

Potal |m-=m===--- Resolution _______
Cases Rapid | Fair | Delayed
1 ]
i T
Myocarditis .. 13 - i 2 | 10
] [}
Auricular 3 - E - | 3
fibrillation H |
i ! | .

(e) Blood pressure and resolution

Blood pressure estimations were performed on
admission to hospital in only 76 cases in my series as I
did not realize the possible significance of the blood
pressure till the latter part of my study. Of these cases,
67 were uncomplicated by empyema, sterile effusion, or death,
and the relation of these to the progress of resolution is
shown in Table 39. It is seen that a low admission
systolic B.P. (100mm. Hg. and under) occurred as frequently
'in rapid as in delayed resolution. Similarly the

‘proportion of cases showing a low admission diasstolic B.P.
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(below 60 mm. Hg.) showed no significant increase in
delayed resolution.

TABLE 39

Blood Pressure and Resolution

' - PN . e

Resatusion | Toted| Ul a.] L _|Piastelie 2%,
nder 1110-1401 140+ | U837 | 60-90
Repid ... | 81| 7 1 22 1 2 3 1 28
Feir . ... | 12| 1 i 10 11 3 19
Delayed .. 24 6 E 15 i 3 4 § 20
Totals.. | 67 | 14 i 47 16 10 1 57

A single blood pressufe reading seemé, therefore,
of little practical sigﬁificance in relation to resolution.
It is to be noted, however, that 54 of these cases were
over 40 years of age and yet the highest systolic B.P.
recorded was 150 mm. Hg. In normal individuals of this
age group, one would expect to find a considerable
proportion of readings above this figure. Many of the
ceses did show signs of arterio-sclerosis, so it is
reasonable to assume that the blodd pressures recorded in
these cases were lower than their normal values.

These findings in relation to pulse rate, cardiac
iesions, and perhaps blood pressure, do tend to indicate
that circulatory involvement is associated with dslayed

resolution. To substantiate Warfield's (1936) claim that
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such involvement falls primarily on the peripheral
circulation, estimations of (a) blood volume, and (b) haemo-
globin levels would be valuable as an assessment of
haemoconcentration. Such estimations were not performed in
my series of cases and this subject requires further
investigation.

Now, where there is considerable cardio-vascular
involvement, partvicularly where there is a condition of
"shock™, the circulation to all the organs will be impaired,
and the pulmonary circulation will share in this impairment.
Absorptioh of the exudate into the circulation, either
directly via the blood vessels, or indirectly via the
lymphatics, will be less efficient, and it seems reasonable
to assume that in such circumstances resolution will be

inhibited.
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CHAPTER IX

SULPHONAMIDES AND RESOLUTION

Section (i) : Relation of Dosage and Duration
of Administration to the
Progress of Resolution.

Section (ii): The Sulphonamide Blood
Concentration.
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Many factors in relation to resolution have been
discussed in the preceding chapters. However, I have not
yet touched on the main problem, namely why sulphonamide
chemotherapy per se should cause an increased incidence of
delayed resolution. In the following chapter I shall
correlate the progress of resolution in my series of cases
with various aspects of sulphonamide therapy. From my
deductions, I shall endeavour to show that the response to
chemotherapy is intimately associated with the other

factors concerned with the progress of resolution.

SECTION (i)

Relation of Dosage and Duratidn of Administration
to the Progress of Resolution

(1) Dosage
(a) Initial stage. At the beginning of the study, every

case of pﬁeumonia received an initial dose of 2 gm. sulpha-
thiazole, which was thereafter followed by.l gm. every four
hours - a total of 7 gm. sulphathiazole during the first
twenty-four hours. In the latter months of the study an
alternate method of dosage was employed in patients over 40
years'of age, as it is in this age group that delay in
resolution is most marked. This method was based on the

assumption that by attaining a rapid high concentration of
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the drug in the blood we might strike an overwhelming
blow at the pneumonic infection and thus attain a more
repid resolution. Thus 2 gm. sulphathiazole was
administéred every four hours for the first twenty-four
hours - a total of 12 gm. Thereafter, the amount given
was 1 gm. four-hourly. Table 40 shows the results in
felation to the progress of resolution in both schemes of
dosage. There wéré 62 uncomplicated cases over 40 years
of age who received sulphathiazole - 40 of these received
12 gm. during the first 24 hours, and 22 cases received

| 7 gm. It is interésting to note that 52.5 per cent. of
cases on the higher initial dosage developed delayed
resolution compared with 36 per cent. of those on the
lower dosage. There was, however, only one death in the
latter group whereas, in the former group, there were three

deaths.
TABLE 40

Initial Dosage of Sulphathiazole and Qutcome

__Dosage in first 24 hours __
12 gm. ' 7 gm.
¥
]
Total cases 40 | 22
over 40 years !
Deaths ... .. 1 b 3
Delayed 21 i 8
resolution .. (52.5) H (36)
!

(The figures in brackets are percentages of the group
total.)
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Now it is reasonable to assume that the speedy
attainment of a high concentration of the drug in the blood
stream might well lessen the fatalities by striking an
overwhelming blow at the infecting organism. This may
explain the small number of deaths in those receiving the
higher dosage. Again, it is probéble that those cases,
which would have succumbed without the help of the higher
dosage of sulphathiazole because their own response to the
infection was poor, were jﬁst those cases which later
developed delayed resolution. This would push up the
percentage of delayed resolution in the group, and may
explain the high figure. Nevertheless, it is evident from
this experiment tha{’algreater initial dosage of sulpha-
thiazole does not lessen the incidence of delayed resolution

but rather seems to cause an increase.

(b) Total dosage. In the vast majority of cases the total

dosage of sulphathiszole administered varied between 30 gm.
and 50 gm. Table 41 depicts the progress of resoclution in
relstion to the tétal dosage, irrespective of the age of the
patient. It is seen that a greater percentage of cases on
the larger dosage showed delayed resolution. It is doubtful,
however, if any significance canvbe attached to this

finding, as it is very likely that cases who were

gseriously ill received more drug than cases who had only a

mild attack of pneumonia. And it might reasonably be
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argued that the incidence of delayed resolution would be

higher in the former group due to the mere severity of the

illness.

TABLE 41

Total Dosage and Resolution

Resolution EEE%{_%E%%%?_??}PE%EE&%Z9%9_
30 - 40 gm. ! 40 - 50 gm.
I
i
Rapid cos - 32 ! 20
]
Feir . ... 11 ! 17
1
Delayed .. 15 ' 24
(25.8) I (39.5)
]
Totals . 58 ;l 61

(The figdres in brackets are percentages of the group
total.)

(2) Duration of administration of drug

Table 42 shows that the longer the period of
administration of the drug, the fewer were the cases showing
rapid resolution. It must be remembered, however, that the

TABLE 42

Resolution in respect of Duration of Therapy

t f chemothera days
Resolution |--Duretion of chemother apy_(days) ____
5 ! 6 ! 7 : 8 '
Rapid ... 17 | 21 | 14 - T
(63) | (49) | (42) 1 (25) 1} (1s)
Fair ... 2 'E 11 E 8 g 4 s 3
Delayed .. 8 ! 11 ! 11 ; 5 : 2
Totals . 27 E 43 ! 33 ; 12 E 6

(The figures in brackets are percentages of the group totels)

i



- 120 -

main indication employed for stopping the drug wes sa
temperature whiéh had remained normal for twenty-four to
forty-eight hours when this was accompanied by a marked
clinical improvement in the patient's condition. Here it
is of interest to study the duration of primsry pyrexia in
the various types of resolution. From Table 43 it is seen
that most of the cases of rapid resolution had a normal
temperature by the third day, énd none had pyrexia more
than six days after commencement of sulphonamide therapy.
TABLE 43

Duration of Primary Pyrexia in the Types of Resolution

Resolution | Total 3‘.‘5‘33%9?-9?11_’{&12@{7!_22!?%}%_.(.9§X§l__
Cases lst - 3rd | 4th - 6th 6+
s 5
Pair . ... 34 -1z ' 15 ' 7(26)
] i
Delayed .. 53 18 E 13 s 22 (43)
[} [

(The’figures in brackets are percentages of the group totals.)

On the other hand, a considerable proportion of the cases
showing delayed resolution (43 per cent.)uhad pyrexia after
the sixth day, and, in some of these cases, the fever even
extended into the third week. gﬁﬁf a severe initial
'iliness is often accompanied by protracted primary pyrexia.
The association of a high proportion of delayed resolution

with prolonged pyrexia may, therefore, be a consequence of

s severe initial illness and not the result of prolonged
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administration of sulphonamides.

These results indicate that no clear evidence could
be found for attributing inhibition of resolution either to
the quantity of drug administered or to the duration of
the drug, as the severity of the initial illness tends to

confuse the issue.

SECTION (ii)

The Sulphonamide Blood Concentration

The level of sulphathiazole in the blood was
estimated (a) on admission, and (b) 24 hours after admission,
in 102 cases of %he gseries. The method employed was &
modification of that of Bratton and Marshall and is described
in Chapter I.

(a) Admission level. Table 44 shows that no sulphonamide

TABLE 44
Admission Sulphathiazole Blood Levels

Sulphathlazole blood level (mg.per cent.) Total

- - > " . w T am  GD m  —  T mm e S G G G G G e G W 00 e

3-3.9 | Cages

Number of 78
cases ..

R e e S

] ]
i [
] ]
] ]
6 |11 ! 4 102
i i
1 1

could be detected in the blood in 78 of the cases. qu, the
ma jority of patients gave a history .of administration of
nM. and B. Tablets" just prior to admission, from their own

doctor. It must, therefore, be concluded in the light of
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this finding, that, in the great majority of cases, the

drug was being administered in very inadequate dosage.

(b) 24 hour blood level. Table 45 shows the twenty-four hour

sulphathiazole blood level in the 102 cases.
TABLE 45

Resolution in respect of Twenty-Four Hour
Sulphathiazole Blood Level

24-hour Sulphathlazole blood_lezg%(mé ggr_gggt_l__ Total
i-1. 9l2 2.9!3 0914—4 9:5 59:6 -6. 9:7 79|8—8 9.9 9. 9 10+] Casesg
[} l
E E ] | ) 1 i 1 ]
Repid i . l l i ! | i l
resol-| - | 1 /11 }j10!12 ! 8! 1t 11 11 | 45
wedon |04 b
F . ] 1 I I ) 1 ! [} |
alr | [} [} | | | [} [} !
resol-| - ; 1} 3} 2} 21} 4! 11 - b1 - 14
ution ! ! ] | ( { | ! 1
ll : : 1 ] [} ] [} 1
Delayed i i i i i : : | :
resol-| 1 | -} 2] 6! - 118! 31 11 61 2| 34
wion |
- [Sterile N T T i - ! 201 -0 o . - 3
S e e e e S
TR T I D
Eopyema| - | i ] i 1 i i ] i
Deaths 14 -1 =4 =4y -1 2 Ly -0 - P 4
! ! ! l 1 ! i ] 1
; 1 N 1 H i | i
Totels| 2 | 2,17 {18} 15,3 | 6} 2! 8! 2| 102|
f ! l 1 | 1 i ) I ;

This included three cases which developed sterile pleural
effusians, two cases of empyems and four deaths. Of the
93 remaining cases, 51 had levels below 6 mg. per cent. and
42 cases attained levels over this figure. Table 46 shows
that the percentage of cases of delayed resolution in those
with & high blood level (over 6 mg.) i s more than three times

the number in those with a low blood level (below 6 mg.).
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TABLE 46
Delayed Resolution in respect of Blood Concentration

24 hr. Sulphsthiszale Blood Level

----------- '---———--—-—----
-6 mg. per cent, 6+ mg. per cent

Total cases ... . 51 E 42
Cases showing delayed 9 H 25
resolution ... . (17.6) ; (59)

(The figures in brackets are percentages of the group totals.)
Graph V depicts the cumulative frequency distribution percent-
age of the twenty-four hour sulphathiazole blood levels in
.rapid resolution and delayed resolution. In rapid resolution,
the majority of blood levels lay below 6 mg. per cent. In
delayed resolution, on the other hand, the blood level, in the
great majority of cases, lay above 6 mg. per cent.

This indeed seems a strange finding, as one would
expect that the higher the concentratipn of drug in the blood,
the gresater would be the therapeutic effect, and the more
rapid the progress of resolution. What then is the ex-
planatioh? In an attempt to solve the problem, I placed all
the cases with twenty-four hour blood levels below 6 mg. per
cent. on one list, and all the cases with values above 6 mg.
per cent. on another list. I then studied the clinical sigms

in each case. And I found, as depicted in Table 47, that a

high proportion of cases with high blood levels showed cardio- |

vascular involvement. This was in marked contrast to those

with low blood levels, for, as shown from Table 48, only two

cagses showed an obvious cardiac abnormality, namely myocerditis.
| Ngg, it was suggested in the preceding chapter, that

cardib-vascular inefficiency was the basis of delayed re-
solution. It now seems that a high blood level is another

indication of circulatory involvement, and, in



TABLE 47

Twenty-Four Hour Sulphathiazole Blood Level

6.0 mg. per cent. and over

Patient [SWLPHeY B P, on |pulse|tighest . Resolution
(age in thiazole|agmigsion Px‘-ess.ﬁP{H' in Irrgaiglggti |D - delayed
brackets) gim%at Syo-ias] ure gigét gusa €Sip - fair
rs’%dﬂcgtolic re. R - rapid
1 ] )
R.C.(57)| 14.5 {140 80 | 60 90 | myocarditis D.
‘ ' Extra systoles
H.C.(55)| 10.35 100 1 40 60 |120 | Myocarditis D.
A.di.(50)] 9.9 | 901 60 30 | 96 iiyocarditis D.
w.x (73)| 9.75| -V - - |106 Arterio- D.
[ sclerosis
G.B.(61) 9.75| -1 - - |110 ilyocarditis D.
W.i.(45)] 9.75|110! 60 50 [120 |liyocarditis, F.
! Arterio-
i sclerosis
|F.0.(65)] 9.0 [140! 80 60 |110 | Arteriosclerosis |  D.
J.q.(9. 9.0 |L00 ! 80 20 112 Mitral stenosis D.
J.B.(61)] 9.0 [130} 70 50 |124 | Myocarditis D.
W.C.(64)] 9.0 [LOO | 60 40 | 84 Auricular R.
! fibrillation
J.K.(32)] 8.5 {100} 60 40 | 130 Myocarditis R.
W.Mc. (50)| 8.0 - - - 116 - D.
J.C.(50)| 7.65|1201 50 70 | 122 Myocarditis D.
J.D.(61)] 7.5 | 901 50 | 40 |108 | Myocarditis D.
J.F.(53) 7.5 {130} 80 50 | 140 Myocarditis, Deat
! Auricular
| fibrillation
W.W.(51)] 7.5 {120} 60 60 | 100 - : R.
w.s.(40)] 7.5 [L00! 50 50 | 126 - F.
T.K.(49)] 7.2 |110, 65 45 | 98 - D.
J.i.(46)| 6.75|120) 65 45 | 98 - D.
V.R.(46)| 6.75|120! 80 40 | 100 - F.
H.S.(45)] 6.75[(110; 70 40 | 96 - R.
w.r.(36) 6.75[(120] 80 40 {110 - R. /
T.L.(21)] 6.75[110! 70 40 | 130 - R.
W.T.(63) 6.75| 901 50 40 | 120 | Myocarditis Death
J.B.(45)] 6.75[{120,; 80 40 | 108 - D.
P.B.(56)] 6.75|110! 46 70 | 126 - R.
¢.P.(18) 6.7 -1 - -l 120 - R.
J.H.(19)] 6.75|135) 85 50 | 120 N - R.
R.V.(51) 6.6 |150! 80 70 08 iyocarditis D.
W.ic.(19)| 6.45|1201 70 50 | 124 - R.
E.W.(46)] 6.3 [140] 95 45 | 120 - R.
S.D.(e1)| 6.0 |130] 70 60 | 108 Auricular D.
| fibrillation
l
!
]
1
I
1
1




TABLE 47 (contd.)
: [
Patient igigige agﬁfésggh Pulse | lghest - Resolution
(a‘ge in level at] ~—==mm == Press- P..:.R‘ in Cardlac. : D - Delayed
brapkets) o4 hrs Sys—:bias-' ure first| Irregularities| g - pair
| tolicttalic 24 hray R - Repid

1

! _
J.C.(61)] 6.0 90 ! 60 | 30 120 |liyocarditis D.
T Jc (58)] 6.0 -1 - - 136 - D.
T.7.{70) 6.0 [150 ] 80| 70 100 |Arterio- D.

' sclerosis
R.P.(54) 6.0 -1 - - 124 |liyocaerditis D.
J.J.(75) 6.0 1201 70| 50 126 |asuricular F.

' fiobrillation
R.5.(19) 6.0 -0 - - 120 - R.
Wlc.(40) 6.0 1201 70| 50 114 |Pericarditis Death
W.B.(71) 6.0 - - - 100 - D.
T.Ds(67) 6.0 -1 - - - |Myocarditis D.
J.D.(29) 6.0 -1 - - 130 - D.
R.H.(43) 6.0 130 | 60 | 70 110 - F.
S.C.(48) 6.0 1401 60| 80 120 - F.
PMe. (47) 6.0 -1 -]112 - |Myocarditis R.
D.Mc (67) 6.0 120! 50| 70 110 |lyocarditis R.
W.Y.(44) 6.0 1201 70| 50 132 |Myocarditis, D.

“ - pericarditis

1.

|

1




- TABLE 48

Twenty-Four Hour Sulphathiazole Blood Level

under 6.0 mg. per cent.

; Sulphe-| 3S.F. on| Highest Resolution
}Zigée?z thiazole 99“2}1%599;;:]9;:? F.R.in Cardiac D - Delayed
brackets) levelat Sys-1Didsd ure first |Irregularities| - Fair

24 hrs. |tolicitolic 24 hrs. R - Rapid
. I
J.B.(20| 5.45 |120! 60 60 | 110 - R.
F.0.(43)| 5.25 1301 75 55 | 102 - R.
G.S5.J41)) 5.25 |110. 40 70 84 - F.
F.uc (19)| 5.25 |[100; 60 40 92 - R.
J.S.(44)| 5.25 -t - - 120 - R.
D.K.(51)| 5.25 |150: 50 70 | 100 - R.
A.n.(24)] 5.25 - - - | 120 - R.
w.E.{(28) 5.25 -1 - - 136 - R.
J.L.(45) 5.25 | 1301 70 60 | 110 - R.
J.J.£54) 5.25 | 120 70 50 | 110 - Empyema
D.X.(51) 5.25 | 150! 80 70 | 100 - R.
T.Ivlc.((l9) 5.2 1105 50 60 | 140 - R.
'W.‘.G'. 52) 5-1 - - - 120 - Ro
AB.(52) 5.1 - - - | 120 - R.
J.L.(28) 5.1 -1 - - | 134 - R.
w.S.(52)] 5.1 110} 75 35 | 100 - R.
J.C.((42) 4.8 110! 50 60 | 120 - .
D‘Ko 21) 4.8 -} - - 104 - Bo
D.C.(41) 4.5 120 60 60 | 120 - D.
M.C.(52) 4.5 1401100 40 | 112 Myocarditis D.
S.L.(323] 4.5 -1 - - 140 - P.
W.c.(z5) 4.5 |100! 50 | 50| 98 - R.
W.2.(38) 4.5 120} 60 60 | 122 - R.
R.T.(29) 4.5 1301 70 60 | 122 - R.
R.P.(18) 4.5 105} 70 35 | 112 R.
R.S.(57) 4.5 1501 60 90 | 108 - D.
J.vc.(47) 4.5 130] 80 50 98 - R.
Cuic.(33) 4.5 100} 65 35 | 100 - R.
Adic.(22) 4.5 1151 60 55 | 128 - D.
J.J.(47) 4.5 110] 70 40 | 100 N D.
g.g.((g% ig 1005 70 30 132 - g.
J.uol42) 4.05 | 130 95 | 35 | 134 - D.
AR (50)] 3.9 130! 70 60 lgg - g.
J.l\’i.(58 3¢9 -1 - - - .
R.:5.(32] 3.75 | 130, 70 60 | 120 - Empyemsa
Dlic.(32] 3.75 | 1201 60 | 60| 96 - R.
P.N.(16) 3.75 | 1201 6C 60 | 120 - R.
D.E.(19) 3.75 | 120; 70 50 | 136 - R.
:
f
]
!
]
!




PABLE 48 (Contd.)

T.A.(56)

. Sulpha— B.P. on g nghest ) I{esolution’
fzgée?z thiszale gg@§§§gggH§;;§§ E.R. in Cerdiac  |D - Deleyed
vrackets) |S¥L 80 l5yg iDias- | ure |first | IrregulsritieqF -Fair

24hrs. tolic! tolic 24 hrs. R -Rapid

E
A L.(16) | 3.75 -1 - - 130 - D.
N.P.(34) | 3.45 [130 ! 90 | 40 124 - R.
A.C.(54) 3.3 1101 70 | 40 128 |liyocarditis F.
J.Me. (52) | 3.3 [L50 | 80 | 70 118 - F.
J.5.(16) 3.3 |LL0 ! 60 | 50 90 - D.
J.J..(49) | 3.0 -0 - - 100 - D.
J.C.(20) | 3.0 [L20 ; 80 | 40 124 - R.
J.0.(17) | 3.0 - - - 108 - R.
D.K.(33) | 3.0 O - 116 - R.
Adde.(16) | 3.0 -1 = - 122 - R.
W.dc.(35) | 3.0 [L20 ! 70 | 50 124 - R.
JW.(36) | 2.7 -0 - - 110 - P.
R.H.(25) | 2.5 [L30 | 70 | 60 105 - R.
T.P.(49) | 1.5 [120} 75 | 55 120 - D.
1.5 [LB0 | 75 |65 128 - Deat

1

I
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many cases, prognosticates slow resolution. The condition

of "shock", which I demonstrated as a cause of low plasms

proteins and also of delayed resolution, can again explain

this mystery. For, with increased cepillary permeability

there will be a decrease in circulating blood volume and
hence a concentration of drug in the blood.  Further,
vascular stasis will result in a sluggish pulmonary
circulation, and, even alfhough the sulphonamide blood

level in the peripheral circulation is high, very little
drug may be reaching the actual pneumonic consolidation.

In addition, the renél circulation will suffer, with
resulting impairment in excretion of the drug, and thus drug
retention may contribute to a high blood level. Two g
experiments might be carried out to prove the efficiency or
the inefficiency of the renal and pulmonary circulation in

the presence of a high blood level:-

(1) Messurement of the quantity of drug excreted in
the urine during the first twenty-four hours. It has

been estimated by various observers that, normally,

excretion of sulphathiazole amounts to from 75 per cent. to

100 per cent. of the daily intéke. Any experiment to show
this, however, would be attended by great practical | j
difficulties in pneumonia. The total output of urine must ;
be collected and measured, and, where the'patient is |
acutely ill, and often incontinent, this is impossible.

Again, the nursing in a pneumonia ward is extremely heavy
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and the staff would find it difficult to cope with this.
additional burden.

(2) Measurement of the level of drug in the sputum. If

a low sputum level were found with & high blood level, it
could be assumed that the drug was not reaching the
consolidation. Here, again, there are practicsl
difficulties in handling sputa. In addition, the admixture

of saliva with the sputum would vitiate results.

Although it was not found practical to carry out these
two experiments, yet the finding of high blood levels and
circulatory inefficiency in cases showing delayed resolution
does suggest that these three conditions are closely allied.
In this respect, a study of the pharmacology of the
sulphonamides is of interest. The drug is bacteriostatic,

and its action seems to depend upon the fact that it

© interferes with the enzyme p-amino benzoic acid which is

necessary for the growth of many organisms. Sulphonamides
are not therapeutic drugs in the true sense, for they do
not stimuiate the defensive mechanism of the body in the
way that antiserum does. Indeed, as already mentioned,

Anderson has shown that they seem to be almost antagonistic

i

to antibody formation. The common toxic effects of the

drug in man are well known and generally occur after a

considerable dose of the drug has been administered.

Sensitization phenomena (drug fever, skin rashes) may,

e B o Y .
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however, occur after the smallest dose, and the reason for’
this is obscure. In a recent article, Hawkiﬁg has
suzgested that the sulphonamide-protein complex may play a
part in the production of this condition.
| In any case of pneumonia where there is circulatory

involvement, the drug will rapidly attain a high
concentration in the blood. The toxic effects of over- ‘
dosage will, therefore, tend to appear after a comparatively
small amount of drug has been administered. Now, it has
already been shown that impaired circulation in itself
leads to delayed resolution. It seems reasonable to

~ deduce that'in these cases the tendency towards sulphonamide

toxaemia will impede the body's defensive mechanism, and

"will inhibit still more the progress of resolution.
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DISCUSSION




A study of the results of treatment of pneumococcal
pneumonia by sulphonamide chemotherapy presents an
apparent paradox. From the foregoing study two opposing
tendencies emerge. First; the immediate effect of the
drug on the course of the disease is altogether beneficial,
as shown by the reduction in the fatelity rate, and by
the rapid clinical improvement during the acute illness.
On the other hand, a greater proportion of cases now show
delay in resolution, and the period of convalescence is
consequently prolonged. It has been found that it does
not suffice to assume that only the patients who were
seriously ill on admission, and who would perhaps have
succumbed without the help of chemotherapy, are those who
later develop delayed resolution.

In any previous study of delayed resolution one
serious drawback was the absence of a standard whereby to
mesasure the normel progress of resolution. Relative
comparisons of the incidence of delayed resolution in
cases treated by sulphonamides with the incidence in cases
receiving no sulphonamide therapy have, therefore, been
unsatisfactory. In the present study an attempt was made
to proﬁide a uniform standard based on radiographic
findings. Resolution was arbitrarily divided into three

types - rapid resolution, fair resolution and delayed
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resolution. Rapid resolution included cases who showed
complete clearing of the opacity by the twenty-first day.
In fair resolution, clearing of the lung was complete
between the 2lst day and the 35th day. | Delayed resolution
comprised cases which required more than 35 days for
complete resolution. The distribution of cases in the
present series in respect of the type of resolution was
compared with the radiographic findings found in a series

of cases studied by Davies, Hodgson and Whitby in 1935.

This comparison confirmed the clinical impression that, under

sulphonamide chemotherapy, delayed resolution is now more
frequent.

In order to try to understand the factors which might
influence the brogress of resolution, the pathological
sequence of events in pneumonia was first studied. This
showed that, during the stage of gray hepatization, an
impairment of the pulmonic circulation occurs due to com-
pression of the alveolar capillaries by the pneumonic
consolidation. It was also found that the chief method
by vhich the exudate is removed from the alveoli is by
absorption into the circulation, either directly by means
of the blood vessels, or indirectly by means of the
lymphatics. If excess exudate were present in the alveoli,
it is reasonable to assume that resolution would be

prolonged: and, again, if the circulation supplying the
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consolidated ares were impaired, then absorption would be
deficient, and delay in resolution could be expected. |

The greater the outpouring of exudate into the alveoli
the mofe dense is the pneumonic opacity. Further, it
was found that a dense opacity was associated with a severe
initial illness. That this would not in itself explain
delay in resolution was apparent from the fact that the age
of the patient seemed to be a determining factor. In
individuals over forty years of age, a dense opacity
certainly did result in delayed resolution, but, in the
younger age group, an equally intense consolidation
frequently showed rapid resolution. The cause of delayed
resolution, therefore, seemed to lie in some factor
intimately related to advancing years.
| Fresh light was thrown on the subject from a study
of the blood plasma proteins. It would seem likely that,
in pneumonia, the great outpouring of plasma into the
pulmonary alveoli would result in a withdrawal ofvplasma
proteins from the circulsation. And it was found thgt the
blood plasms proteins on admission’to hospital were indeed
low. In cases showing rapid resoluﬁion the values were
nbt usually belbw the limits of normel variation. On the
other hand, of the cases which developed delayed resolution,
a considerable proportion had low plasma proteins on
admission. Further, it was demonstrsted that the fall in

plasma proteins was due to a diminution in the albumen

fraction.
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In order to discover if low plasms protéins ﬁere
directly concerned with inhibition of resolution, the plasma
protein values were correlated with the factors found to
be intimately concerned in delayed resolution, namely, the
age of the patient, the density of the consolidation, the
presence of bacteriaemia, the number of days ill prior to
admission, and the type of the infecting organism. It
was found that here agein, as in the incidence of delayed
‘resolution, the age of the patient and the density of the
consolidation were the two most important foctors,rwhich
determined the occurrence of hypoproteinaemisa.

In respect of the cause of low plasma proteins,

- several possible explanations were adduced. Two of these
explanations, namely, loss of plasma in the exudate, and
deficient nutrition, did not suffice to explain why it was
thé albumen fraction of the plasma proteins which was
diminished. That hepatic dysfunction might play a part
was possible, for the albumen fraction is formed mainly in
the liver, whereas globulin is also partly formed by the
reticulo-endothelial sYstem. Damage to the liver from the
toxaemia of the disease would, therefore, mainly affect the
albumen fraction. A more adeguate explanation, however,
was provided by the theory of "oligaemic shock". Such a
state of shock it was argued could result from the toxaemia
present in any severe case of pneumonia. The conseguent

damage to the capillafy walls would render them more

permeable. As a process of degeneration in the blood
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vessels accompanies advancing years, the burden of the
toxaemia will fgll most heavily uﬁon older people. In
addition, since the'albumén‘fraction has a smaller
molecular weight than the globulin fraction, it might be
expected to pass more readily through the capillary walls.
Delay in resolution, then, is accompanied by low
-plasma proteins, and it is suggestéd that this change may
be related to a state of "oligaemic shock". It remained to
- find some "connecting link" which might explain how
inhibition of the resolution process could be caused by a
state of "shock". Now, the clinical assessment of the
“degree of shock present is perhaps best measured by cardio-
vascular efficiency, and it was found that cardio-vascular
involvement, as manifested by a high pulse rate, cardiac
lesions, or a low blood pressure, was invariably present
in cases which developed delayed resolution. When it is
remembered that absorption into the circulation is the
chief method of removal of the exudate, it seems reasonable
to conclude that cardio-vascular inefficiency is the
ultimate cause of delayed resolution. In addition, many
of the other factors concerned in the incidence of delayed
resolution could also be explained by cardio-vascular
iﬁvdlvement and they will here be briefly capitulated.
Pirstly, it was shown that, of all the factors
concerned in the incidence of delayed resolution, the age

of the patient was by far the most important. This is
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readily explained, as stated above, by the general cardio-
vascular impairment which accompanies advancing years.

In the older individual, degenerative changes occur in the
walls of the blood vessels in virtue of which they lose
their elasticity, and the circulation thereby becomes less
efficient. Where delayed resolution did occur in younger
individuels, it was always accompanied by marked evidence of
cardio-vascular deficiency, and indeed, in some of these
cases, a history of pre-existing cardiac disease was
elicited.

The density of the pulmonic consolidation was the
next factor shown to influence the incidence of delayed
resolution. Here again, however, as already stated, the
age of the patient was all-important: in the younger age
group, & dense consolidation usually showed good
resolution, whereas, in the older age group, resolution was
frequently delayed. Now, the more dense the consolidation
the greater is the quantity of exudate present in the
alveoli, and the longer will be the period of time required
for its absorption into the circulation. In younger
individuals, where the circulation is good, resolution
will not be significantly prolonged, even when there is a
dense consolidation. In older individuals, however,
circulatory inefficiency is more marked, so that a .dense
_ consolidation will show delay in resolution.  Further,

the greater the density of the opacity, the greater will
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be the Pressure exerted on the alveolar capillaries. As
the elasticity of the capilléries in'older people is
impaired, a longer period of time will be required before
they regain their potency. By such means the impasirment
of the pulmonic circulation will be further increased and .
the process of resolution inhivited. In addition to the
density of the consolidation, the position of the con-
solidaetion was apparently of some importance, for it was
found that the right lower lobe was the lobe most
frequently involved in delayed resolution. But, anatomically
this lobe has a poorer blood supply than the other lobes,
so that, once again, a connection is found between the
relative inefficiency of the circulation and the occurrence
of delayed resolution.

Finally, the fact that sulphonamide chemotherapy is
associated with an increased incidence of delayed
resolution, and this, especially in older individuals, is
most readily explained on the basis of circulstory
inefficiency. In the first place; where this exists, the
drug will possibly not come into contact so readily with
the pulmonic consolidation. But, of more importance, the
vascular stasis and’oligaemic shock" present in such cases
will tend to cause drug retention and concentration of the
drug in the blood stream. A toxic level will Dbe more
readily attained. The defensive mechanism of the body

will then not only have to cope with the‘pneumonic
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infection, but also with this foreign and toxic
substance sulphonamide. lioreover, such concentration of

the drug will tend to occur more frequently in older

individuals whose response to infection is in any case less

satisfactory. It is little wonder that, in such an event,
inhibition of resolution results.

It would appear then that sulphonamide chemotherapy
is a double-bladed weapon; its damaging attack is not |
confined to the bacterial cell. Nevertheless, it is
evident that, in the majority of cases, the advantages of
the drug outweigh its disadvantages. Undoubtedly, the
bacteriostatic qualities have saved mény lives and have
shortened the duration of the acute pneumonic illeess.

The present study has demonstrated that, where cardio-
vascular involvement is present during the acute illness,
some degree of delay in resolution must be expected.

Where such involvement exists frequent blood levels should

be performed in order to detect any serious degree of drug

retention. In addition, the duration of administration of

the drug should be limited to the minimum period compatible

with effective bacteriostasis.



