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1. INTRODUCTION

In a rebort to the Directér-General of WHDﬁhy‘a'Soieﬂtific Group on & Research
Programme in Cardiovascular Diseases (document MHO/PA/QE 60) dttention was drawn to
the fact that although the lung diaoasea oausing pulmonary hoart diaease ars being
studied extensively in many parto ‘of the world there is littlo reliable information

goncerning the incidence of important secobdsary effacts on tha pulmonary circulation
and pright. ventriole“. ‘ '

It is almost impoaaibia'to obtain any information from national mortality
statistics oonoeruing the ioportanoe:of‘pulmonary'hoart diaeaoe iz a cause of death,
for the term does not oceur at all in the French edition of the 1955 Revision of the
;nternational Clagzification of Diseases.  In the English edltion, cor pulmonale is

only indexed under the very unspesific category, 434.4 ™Unspecified diseases of the
heart", -Ih“bothvoditiona'kyphosoolioticJheart'diaeaseuis.clasaified=unﬁar 434.0,

We thareforo have to turn'for indicatioua‘of the fraﬁuanoy of pulmonary heart
disease to the unsatisfactory information derived from autopaies and hoopital
admissions, Here we find enormeus differences in its rePorted prevalence, In
avtopsy series there iz a range from 0,9 per cent. of all cardiac autopsies in
Massachusetts (White & Jones, 1928);‘to‘54.par cent, in Arizona, a favourlie resort
for subjeects With.respiratory‘diseaaeof(walzer &-Frost, 1954). 8o far as hospital
admissions are concerned, Wood (1958) estimates that about 5-10 per cent. of organie
heart dlsease in Great Briltain is due to pulmonary heart diaease; but Stuart Harrils
et al, {1959) found that 41 per cent, of oaaos of congestive heart failure admitted
to hoapital in SheffiELﬂ were due to thia cause, | High figures for the incldence of
pulmonary heart disease’ among hospital admissions for heart failure have also been
reported from Belgrade; = 17 par'oéut;”(élavkcfio ét”al.;“1955); and Buenos Aires:

34 per eent. {Tagquini, 1949). N"Ramalinga3Wami (1060) pave figures ranging from 0%
to 17.2 per cent, for v&riouauplaooa‘in‘india; These figures show that pulmonayy
heart disease is a major cause of disability and doath in some plaoes, while in others
it appears to be of minor importance. In most reported geries moro than 50 per cent.
of the cases are attributad to chronio bronohitia, asthma or omphyaoma, whiah
oonstitute an 11l-defined group of diseases of uncertain etiology. A large variety
of other diseases are implloated in various proportions.
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There 18 an extensive litepature concermed with the pathology and pathogenesis
of pulmonary heart disease, but disagreement on definitione and diegnostie criteria
both of the disorder of the heart itself and of the cnusetive lung dieeases, abounds
and there is much contradictory evidence eencernins the mechanisms by which the burden
on the right ventricle 45 increased, leading to its ultimate failure.

There is no doubt that, as is noted 1n.the‘rep¢rt of the Scientific Group on a
Research Programme in Cardiovascular Diseases, " purther pathophyeiolagieal and patho-
logical studies, preferably combined, are greatly needed, particularly concerning the
structural and functional changes in pulmonary eirenlefien“ in pulmonery heart

diseases, ‘ | , ‘ ‘ m

The authors of this report have taken as their terms of reference the iwo’
guotations from the Sclentific Group repert given above, It seemed to them that
acute pulmonsry heart disease. resulting from massive pulmonary embolism and the
subacute forms of the disease that may, for exAmple, develop in a few weeks In cases
of poliomyelitis with respiratory parelyeis, lay outeide the field uf "lung diaeaees

causing pulmenary heart disease". They have, therefore, only consldered the ehronie
forms of pulmonary heart disease.

Tr the hope of providing a better appreciation of the nature of chronlc
pulmonary heart disease and of iis antecedent conditions and ef promoting further
studies whose results may lead to more effective prevention and treatment, the
authors present: ‘ ‘ » ‘ ‘ : ‘ w

- & definition of chronio pulmonary heert disease

various methods of classification ineluding one Whieh misht be included in a
revised International Classiflcoation of Diseases

a summary of present views on the physlopathological mechanisms by which
- pulmonary diseases may produce heart disease

suggestions for cardiclogical and pulmonary diagnestiec criteria and
propoeals for a uniform diagnoetie procednre | ‘

Buggeetiona for preventioen of the chief causes of ehronic pulmanary heart
disease and 1ts cardiac complications

proposals for research inte those aspects of the problem which appear to
need most wrgent attention.




2., TERMINOLOGY AND DEFINFTTION OF CHRONIC PULMONARY HEART DISEASE

In some countries pulmopary heart discesse Is referred {0 as oor pulmonezle,
There would be some advantage in the general use of this term, If only on account of
its brevity,.if 1t were universally adopted. But the term is really meaningless and,
in conformity with the general abandnnment,bf pseudo-iatin términﬂlogy in scientifie
medicine, we consider it béttep td ﬁsa the more precise expression "pulmonary heart

disease"”,

Definitions of chronie pulmonary heart disease have been put forward by meny
authors in clinteal, functional or morbid anatomical terma, We consider a clinieal
definition unsatisfactory, since the chief clinical manifestation is heart failure,
which may be long delayed and may often be difficult to distinguish from failure due
to other associated diseases., A functional definition in terms of right ventricular
hypeftension or raised pﬁlmonary:ﬁaééuiar resistance provides an unsatisfactory basis:
for vascular resistance is difficult to measire and is variable, and hypertension may

be evanescent, may only ocour on exercoise, and hay decline in the terminal phase of

the diseaze. We therefore prefer a definition bazed upon morbid anatomy .,

It should be remembered that a definitlon must be based upon phendmena that are
invariably precent in a defined disease, Diagnostic criteria are subsequently
required which will enable the dlagnosis to be made‘as acourately as possible in

cases where the definitive criteria cannot be directly observed.

Chronie pulmdnarflhéart disease iz defined as:

YHypertrophy of the right ventricle, rasylting ffom diseases affecting the lung=s,
thoracic cage or the pulmonary vessels, but not from diseases primerily affectihg the
left side of the heart, from generalized cardiomyopathy or from congenital heart

disease,"
Notes

1, The term "hypertrorhy" is used to imply thickening of the wall or increase in
the weight of the ventriele,

2. We omit reference to fallure, which is Ineluded in some definitions of chronie
pulmonary heart disease, because clinieal, radiological and electrocardiographic
evidence of right veniricular disease may often be présant without faillure.
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3. We refer to diseases affecting the lungs and thoracic cage in order to include
conditions such as obeslty or neuromuscular disorders which are not structural

diseases of the lung or thoracic cage but which affect thelr funetlon.

4,  We include right ventrlicular h&pertrophy due to diseases primarily affecting the
pulmonary vasculature because, althdugh it may in most cases be possible to
distinguish pathologileal processes originating in the lung parenchyma from those
originating in the vessels, the two processes are usually so closely related that 1t

seems unreallstic to consider one in isclation from the other.

3.  CLASSIFICATIONS OF CHRONIC PULMONARY HEART DISEASE 4"3

5;1 Olassification of causative disease

Pulmonary heart disease is customarily ¢laszified #ccordiﬁg to the diseases from
which it may result, Table 1 presents such a classificatlon which consists of a
1ist of diseazes which may cause chronic impairment of pulmonﬁry functibn or which may
involve the pulmonary vascular system. Some of these conditions (placed in brackets)
are elther extremely rare or inadequately documented causes of pulmonary heart

disease.

3.2 Pathopenetic classification

Tn table 2, chronic pulmonary heart cisease is classified according fto its
pathogenesis, In this classification, diseases whps:.e ,pr‘i‘ma.ry effect 1is to impalr ﬁ
pulmonary function are separated from those which directly affect the pulmonary blood
vessels, This classification is relevant to the main problem of dlagnosis which
must be to determine the mechanism whereby the pulmonary circulation is obstructed
s0 that treatment may be correctly applied to its relief. '

3.3 International elassification of disease

Mhe followlng is an extract from a statement submitted by the WHO Unit for the
International Classificatlon of Diseases and Development of Health Statistical
Services (ICD): ' '

"If cause-of-death statistics are to'provide useful information on
pulmonary heart disease, on both the frequency of the conditilon itself and on
1ts etiology, 1t iz necessary:
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1. That ‘pulmonary heart disease' recelve an independent number in the
Detailed List of the Tntermational Classification of Diseases, preferably a
three-diglt category:

2, That, in addition, provision be made for indicating the etiology of
pulmonery heart disease, which cvan be attempted in two ways:

(a) by means of fourth-digit subdivisions according to etiology under the
new three-digit title for pulmonary heart diseaﬁe; €.8, pheumceonliosis,
asthma bronchiale, chronic interstitial pnﬁumdnié {to this end it would be
useful to have guidance as to which underlying cdnditiens shpuld he zingled
out and which should be grouped); or, the other way round

(b) by means of two fourth-digit sﬁbdivisions ‘with pulmonery heart
disease' and 'without mention of pulmonary heart disease' under the
etiological categories such as bronch1Ectasis, cirrhotle pulmonary

tubereulosis emphysema, etc.

Table 3 pvasents a suggested 1list of faurthndigit subdivisions in accordance
with the propcaal 2(a).

IT the proposal 2(b} is preferred, and it seems to us to be preferable, sinee
it would conform better with present principles of codification, the conditions
marked with an asterisk in table 1 should receive the two fnurth—digit subdivisions
of "with" and "without" pulmonary heart disease,

3.4 Classification by severity

Lastly, we submit a eclassification based upon elinlcal severity, which is
necessary for the comparison of different series of clinical cases (table %),
Although this iz a necessary classification, the ériteria_uppn which it is based are
liable to serious difficulties of interpretation and assessment,

It iz important to note prognésis of chronie pulmonary heart disease Is not
necessarily related to its severity at diagnosis, Frognosis is determined more by
the causal pulmonary disease than by its secondary effects on the heart, A ease of
obztructive pulmepary disease with severe cardiac failure during an Exacerbation'of
bronnhitiq may make a good recovery and have a much better prognosis than a ¢ase of

'primary pulmonary hypﬂrtension without failure.
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TABLE 1.

ACGORDING 0 CAUSATIVE DISEASE

1. Diseases effeetggg the lggg and pleura

1.1 Persistent generalized obetruetive lung dieease:

(a)
(0}

()

with ehrenie bronehitie
‘with asthma
with emphyeeme*

1.2 Pulmonary fibroeis due to:

(a)
(b)
()
(a)
(e)

chronle tuberculeais*

R ]
prneuncseoniosis

. R
fibrosis associated with bronchisctasia,
pulmonary infections

1.2 Pulmonary granulomata and infiltrations:

(2)
(b)
(¢}
CY
((e)
((£)
((g)
((n)

((1)

Boeck's sarcoidosis

berylliosis

selerederma

dEﬁﬁetomﬁesitis)

Wegener's gramiloma)

eosinophilic granuloma or histiocytosis X)
tuberous sclerosis)

lymphangitis carcinomatosa)

alveolar microlithiasis)

CLASSIFICATION OF CHRONIC PUIMONARY HEIRI’DISEAGE

»*

‘ehronic diffuse interstitial fibrosis of the 1unge (Hamman—ﬂieh)
radiation fibrosis

pnaumonla and other

‘ - ; *
1.4 Muco-viscidosis (fibrocystic disease) of the lungs

(1.5 Congenital cystic disease of the lungs)

1.6 Pleural fibroeis

1.7 Extensive pulmonary reseetien?

Cenditione whieh might receive two fourth-digit subdivisions, with“ end
"without" chronic pulmonary heart disease, in next revision of International Clasai-
fication of Diseases, S
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" 5, Diseases affecting the movements of the thoracic cage |
2,1 Kyphoscbiiqéié*-‘
E 3
2,2 Thoracoplasty
2,3 Chronle newromuseular weakness, €.&. poliomyelitis
2.4 Obesity with'puimenéry hypoventilatioﬁ
2.5 "Idiopathic" pulmonary hypoventilation
%, Diseases affecting the pulmonery vaseulature
3,1 Primery dizessecs of the pulmonary vasculature:
() primary pulmonary hypertension
*
(b) thrombosis of pulmonary arieries or veins
({¢) pulmonary hasmosidercsis)
{(4) periarteritis nodosa)
((e} aisseminated lupus erythematosis)
((£) rheumatic arteritis)
({(g) syphilitic arteritis (Ayerza's disease))
({h) thrombo-angitis obliterans)
‘!' 3,2 Disease of the pulmonary vasculature secondary ﬁo aystamig-diaeases:

(2) recurrent embolism

“(b) =ickle cell anaemia

(o) schistosomiasis*

(4) ankylostomiasié*
{(e) metastatic carcinomatosis)

((f) pressure on main vessels from mediastinal tumours, aneurysm,
granuloms or fibrosis)

* .
Conditions which might receive two fourth-digit subdivisions, "with™ and
"without" chronic pulmonary heart disease in next revision of International Clessi-
figation of Diseases. ' ‘ o
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TABLE 2. PATHOGENIC CIASSIFICATION OF CHRONIC PULMONAKY HEART DISEASE

1. Primary pulmonary diseases

1.1 Impairment of pulmonary funntion, causing 1nareased vasoulnr reuistanze
owing to hypoxila, hypercapnia or reflex effects

1.1.1 Chronic alveolar hypoventilation

(a) predominantly. cbstructive ventilatory impairment

Persistent generalized obstructive lung disease, with or
without emphyszema,

(v) predominantly restrictive ventilatory impairment
{.) pulmonary fibrosis
(i1) pleural fibrosis
(114) abnormalities of the chest wall
(1v) neuromuseular wealmess
{v) .obesity _ ‘ .
(e) "idioﬁathic" alveolar hypoventilation

1.1.2 Alveolar-capillary block
Pulmonary fibroses and granulomatoses

Loss of pulmonary vasculature

1.2.2  Pulmonary resection

2. DOrganic obstruction to pulmonary vessels

2.1 Within the lumen
Thrombo-embollsm
In the vessellwail |
2.2.1 Primary pulmonary hypertension
2.2,2 Other vascular diseasesz
Gutside the vessel wall

2.3.1 - - Involvement in pulmunary fibrosia and granulematoaia

2.3.2 Pressure from tumour, aneurysm or fibrosis on main vessﬂla




2.

WHO/Pulm HD/2
page 11

TABIE 3. SUGCESTED LIST OF MAIN CAUSES OF CHRONIC PULMONARY
HEART DISFASE FOR INTERNATIONAL CIASSIFICATION OF DISEASES

Chronic bronchitis with or without emphysema

Generalized obstructive lung disease (without mention of emphysema) or asthme
Emphysema without mention of bronchitis

Preunoconicsis and other ccoupatlonal diseases‘of the Jung

‘Parasitic diseases affecting the lung

Other diseases of the lung or pleura

Chest\d;formitiesq congenital or acquired
Thrambo¥embolic diseases o | '
Other diSEaseE of blood or blood vesseli‘

Unspecified cause

TABLE 4, CLINICAL CLASSIFICATION OF CHRONIC PULMONARY
HEART DISEASE ACCORDING TO SEVERITY

Not in failure

Normal jugular vensous pressure, no hepatic congestion, neo cedema,
1.1 Slight

Only one of the definite FCG signs (11 « vi) listed in section 5.4 andfor
zlight enlafgement of pulmonary conus or main pulmonary arteries shown by
radiography or sngiography

1.2 Pefinite .

Two or more of the definite ECG signs listed in section 5.4 and/or definite
radiographic evidence of enlargemént of the right veniriele, pulmonary conus

or main pulmonary arteries
(a} no previous failure

(v) previous failure

In failure

Ralced Jugular venous pressure, hepatic congestlon or oecdema.
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4,  PHYSTOLOGICAL MECHANISMS OF CARDIOVASCULAR DIBOBBER IN CHRONIC PULMONARY
HEART DISEASE

1,1 Introduction

The work of the right ventricle depends on the pulmonary pressure and the
cardiac output. With a normal pulmenary vasculature there 15 only a small increase
in pulmonary pressure until the cardiac cutput has increased by mere than 250 per
cent., owing to the anatomical and functional characteristics of the pulmonary
vessels, During exercise in a young healthy subject, the resistance remains the
same or even falls, although the right ventri¢u1ar work inereasges.

This iz no longer true when organic or functiﬁnal factora have changed the
rhysical characteristics of the pulmonary vessels. They can ne longer gccemmodate
an inereased cardiac ocutput without an abnofmal rise of préasure. 8ince the work of
the right ventricle 1s the multiple of pressure and output, the extra work demanded
of the ventricle, for instance during exercise, emotion or fever, is proportionately
much greater, ' When the pulmonary vascular changes are more marked there is an
inerease of resistance, pressure and work, with a normal resting cardiac output, and
these may even persist with reduced output during failure.

The work of the right ventricle may alse be increased in chronic pulmonary
disease by the maintenance of an abnormally high resting cardiac output and by the
effects of polycythaemia and hypervolaemia. '

‘ This inerease of right ventricular work 1is preaumed to be the ahief cause of
right ventricular hypertrophy and ultimately fallure, but 1t 1s possilhle that the
myocardial metabolizm is affected in some way by Hypaiéemia, toxaemia and changes in
electrolyte balance and these factors may also contribute to the hypertrophy and

failure,

b2 Pactors that increase the pulmonary vescular resistance
h.2.1 Anatomical factors

{(2) Reduction in size of vascular bed

Thig cccurs in its simplest form after surgical resection., The reduntian must
be more than 50 per cent. to raise the resting pulmonary vascular resistance if the

&
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resldual lung is normal, This, of course, may not be true in older subjects and
certainly not when the lungs are affected by disease.

() Oeelusion ef_pulmenery veeeele, fer example by embeliem

As in the case of resection, it appears that at least half of the pulmenary
vessels must be ocoluded hefore reeting reeietanee inereases, but there is some
evidence that localized embolism may produee acute generalized reflex vasoconstriction,
whleh may cause a temporary, marked inerease of resistance, The main pulmonary

veeeele mey be pertiellﬁ‘or eompietely‘oceluded by pressure from the mediastinal

o! tumoure, eneu:t';ysms, fibrosis or granulomata. Secondary thrembeeie may follow any
eeclusive dieeaee ef the pulmonary veeeele and exeeerbete the effeete of the primary

disease,

(¢) Pathological changes in the vascular walls

Pathological changes in the vascular walls themselves, and perivasgeular fibrosis,
may cause rigidity of the vessels which Interferes with the normal physiclogical
adaptation to changes in cardiac output; so that there may be right ventricular
hypertension on exercize or, when these lesions are extensive, even at rest. These
lesions may be due to primery vascular disease, or may be secondary to increaszed
pulmonary artery pressure from other causes, which, as in the peripheral eireuletien,
may be followed by arteriosclerosis,

6 4,22 Tunetional factors

(a) Changes in intrathoracic and intrapulmonary pressure

It has been suggested that the persistent inorease of intrathoraciec pressure
that oceurs in chronic airways obetruetien may inerease vascular resistance by
compression of alveelar capillariee but there has so far been no clear experimental
demenetretien of this effeet and the relatienship between changes in intrapulmonary
pressure and the effective filling pressure of the pulmonary vessels is complex and
remains to be elueidated, There iz, however, peneral agreement that when the lungs

are inflated with positive pressure, the vascular volume decreases and resistance to

flow increases,
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(b) Hypoxia

Most experimental studies have. shown that a fall in alveolar Oxygen tension
produces an inorease of pulmonary . resistance, by reduction in the calibre of thﬂ
vessels, both in animals and man, The vasoconstriction preaumably oecurs in the
arterioles but may be due to stimuli arising in the pulmonary capillariea or veins,
Tt is not known whether the mechanism of this vasoconstriction ie due to nervous or

humoral influences arising loeally or elsewhers,

In most 1nvestigat1ons of chronic pulmonary haart disease due to alveolar hypo-
ventilabion, ] significant negative eorrelation between the oxygen saturation and
pulmnnary artery pressure has been reported and, 1n cases with inareaaed hypoxaemia
during exacerbations of brondhial 1nfection, the pulmonary artery pressure falls as
the hypoxaemle is relieved, On the other hand, oxygen inhalation, with correction
of hypoxaemia, produces no immediate (within half. an hour) lowering of the pressure,
Clearly, factors other than a direct action of hypoxia on the pulmonary vessels are
involved,

In puimonary fibrosis of various kinds the association between hypoxaemis and
pulmonery hypertension has been found to be much less close than in chronic obstructive
lung disease, In fitrotic disease, loss of vascular bed, and'perhaps shunts, play &
more ilmportant p&rt than hypoxaemia in causing chronic pﬁlmonary heart disease,

(¢) Hypercepnia

HUypereapnia .probably acts in the same way as hypoxaemla, but its importance is
less well established both elinieally and experimentally. ' '

{(d) Neurclogical effects

Pulmcnary vasoconstriction resulting from sympathetic and ¢entral nervous
gtimull appears to be well establiahed in experimental animal&, but the part played
by reflex vasoconstriction in human pulmonary hypertenaion is still a matter of
debate,

(e) Drugs

Adrenalin and serotonin, and seme other less important substances, are capable
of increasing the pulmonary vascular resistance, probebly by a direct effect on the
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vessels, It is poesible that these substances play a part in the pulmonary hyper-
tension that appears in hypoxacmia and hypercapnia.

Histamine appears to produce pulmonary vasoconstriction in animals, but studies

in man have shown, if anything, the opposite effect.
(£f) Shunts

Precapillary anastomoses between the pulmonsry and bronchial arteries and post-
capillary anastomoses between pulmonsry and bronchial veins may increase the flow and
pressure in the pulmona;y vascular system, Prasent evidence sugpgests that these
anastomoses sometimes play an important part in the rroduction of right ventricular

hypertension.

%.% Effects of inereased cardiae ocubtput

It has already been pointed out that increased cardiae output may ralse the
right ventricular pressure when the normal adaptation of the pulmonary vessels has

been impaired by the various mechanlsms we have deseribed.

The eardilac output usually increases during acute hypoxia, The mechanism
whereby this cccurs is not yet established, but reflex effects through the chemo-
receptors of the carotid body, a direct effect'of hypoxia on the cardiac muscle, and
an increase in oxygen consumptizn due to inereased respiratory work, probably play

a part.

The reéting cardiac output has been shown to bs inereased, even during cardlae
failure, in some cases of chronic pulmonary disease, especially in the presence of
gevere hypbxaemia and hypervolaemia (high output failure). There is, however, some
conflict of evidence in cases of chronic pulmonary heart disease in emphysema, which
has been mogt fully studied. Here, increase of cardiac output has not always been
observed. This disagreement is probably dﬁé\to the complex interaction of the
various factors that mey affect cardiac output In such cases - ineluding the type apd
severity of anatomic change in the lung, varying degrees of impairment of pulmonary
function, and the presence or absence of heart failure, Infection, fever and
polycythaemis, However, there is no doubt that the resting cardiac output is raised
in some cases of chronic pulmonary headrt Jisease, and that this contributes to the

pimonary hypertenslon,
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4.4 Effects of changes in the physical properties of the blood

Hypoxaemia stim:lates erythropoiesis in the bone marrow. Polyeythaemia does net,
however, invariably occur in cases of pulmenary disease with hypoxaemia, Recent
studles of cases of pulmonary emphysema show that hypoxia is usually associated with
an increase of evythropoiesis and an increase of red cell mass. Most cases have a
proporticnate increase of plasma volume, which conceals the underlying palycythaamia,

Some people believe that in cases with infection marrow activity may be depressed.

With polyecythaemla and hyparvalaamia‘rhara may be a further rize anlvascular
resistance due to‘tha viscosity of the blood and alsec ta an incereasc in resting
pulmonary bhlood volume which further limita.tha distanaibility of an already restricted
pulmonary vaseular bed., Thers are very few reaords oft tﬁé effect of venesection on

pulmonary artery pressure or vascular resistance.

Whether or not polycythaemia provides useful compensation for hypoxaemia, a

matter of tharapautia interest, ia unaartain.'

4.5 The interaction of the various factora that increase vascular reaiatance

The various factors that may produce a chronic increase in right ventricular
work interact iﬁ'variaua degress acaordiag‘to the primary disease. Thus pulmanary
artery cbstruction plays a dominant role in recurrent embolism; rigidity and |
obliteration of the vessels are the major factors in fibroaia, hypoxagmia and hyper-

capnia may be the predominant cause in chronic hypovantllatlon.

In most cases, however, a variefy of mechanisms make simultaneous contrlbutions
to the pulmonary hypertensien. In cmphysema, for axampia, there is a combination of
loss of pulmenary vaaaulatura, compression of capillarles by iacreaaed intra-alveolar
preasure, vasoconatrictaoa secondary to hypoxlia and hypercapnia incraaaed cardiac
output, hypervelaemia and sometimes polycythaemia, Further tha ralativa importance
of these different mechanisms may ba modifiad by 1ntarcurrent disease, particularly
during an acute exacerbation of bronchltis, which may accentuate alveclar hypoventi-

lation, increasing the effects of hypoxia and hypercapnia,

4,6 The left ventricle in chronic pulmonary heart disease

Hypertrophy of the left ventricle is often found in cases of ahronia pulmonary

heart disease, in the absence of systemic hypertension or cardiac ischaemia. This has
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been attributed to hypoxaemia acting directly on the left ventricle, to the overall
increase of cardiac output, and to additionsl left ventriculer output due to shumts
between bronchial arteries and pulmonary veins. In splte of the wide recognition of
the problem, it has received little detailed study. |

5. CARDIOLOGICAL DTAGNOSTIC CRITERIA OFf CHRONIC PULMONARY HEART DISEASE

5.1  Anatomic criteria

5.1.1 Right ventricular hypertrophy

The diagnosis of right ventricular hypertrophy at autopsy 1s often based upon a
simple measurement of the thickness of the right ventrioular wall, In the adult,
any excess over 5 mm in thickness of the right ventricular wall in the cutflow tract
is generally regarded as indicating hypertrophy. However, a simple determination
of thickness of the right ventricle itself is insufflcient, for it iz ¢ifficudt to
make allowance for the effects of cardiac dilatation or for the effect of debllitating

disease in which the heart mass as a whole may be reduced.

I+ is therefore preferable to use the more exact and inclusive method of
dissecting the right and left ventricles apart, and weighing them Independently,
according to the techmique first used by Muller (1883) and later Qescribed by
Herrmenn & Wilson (1922). The lower limit of the ratio, left ventricle/right
ventricle, is 1.5 and any lower value indieates right ventricular hypertrophy {see
also section 8,1.2).

5.1,2 Abnormalities of the pulmonary vessels

We guggest that in order to permit adequate evaluation of emphysemsa, the lungs
should be distended and fixed before being cut (see section 7.3.1). Two main types
of method appeﬁr t6 have been uszed in evaluation of abhormalitles of the pulmoﬁary

vasculature,

(2) Injection technigues

Radio-opaque material may be injected into the pulmonary artery and a
qualitative assessment of abnormalities obﬁ&iﬁed‘by simple radiography. Recently,
Thomas et al. {1959) have deseribed aquaniitative modification of this technique,
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whereby radiocactive iodine is incorporated in the injection medium and an estimate of
the volume of the peripheral arterial bed is obtained as the amount of radicactivity
per unit volume of lung. This appears to be z method worthy of wider trial.

Plastic casts have also been used to study the detailed abnormalities in the pattern

of the pulmonary vascular bed.

(b) Histological technigues

& difficult problem is presented by the quesﬁioﬁ of'apprOPPiate gampling of the
lung for histological study. Pathologists naturally tend to seleet the most abnormal
parts of the lung for special study, but by so doing, they may fail to present a valid
pleture of the total effect of any disease process on the lunés as 2 whole. This
might be better done if random samples were to be taken from the thrée Main'lobes on
each side. | . | | | _

Tt is suggested (Krshl et al., 1959) that both thin (10#) and thick (50-1001)

scotions should be made and alternate slides stained bys.
(A) hematoxylin and eosin or hematoxylin-eosin-azure II for cellular detail;
(B) Orcein or Weiger's procedure for elastie fibres; and

(C) Mallory's azan (azocarmine methylene blue orenge) stain for collagenous

fibres and pulmonary capillaries;

(D} silver stains for reticular fibres can also be applied fellowing this

method of fixation.

5.1.7 The vascular lesions may be clagsified as:

(2) Pre-hypertensive lesions:

(1) priﬁary lesions, e.g. periarteritis, endarteritis obliterans;

(ii) lesions secondary to pulmonary pathoelogy, e.g£. compression, obliteration

and destruoction;

() Post-hypertensive lesions:

(i) in the little vessels: maseular hypertrophy, medial hypertrophy and

increase in elastic fibres and intimal thickening;

>

=




WHO/Pulm,HD/2
page 19

{11) i the large vesselss thickening of the various layers of the wall,

and atherosclerosis, Y

Some” authors have'usea'phe'ratip:*‘wallAthickness/lumen,'as an index of
arteriolar thickening.

5.2 Clinical criteria

Clinical renognitiun of pulmonary heart disease is diffieult in tﬁe absence of
failure. ‘Phe sympitoms are predominantly those of the causative pulmonary disease,
Syncope, aharactaristic of primary pulmenary hypertension, seldom oeours in pulmonary
heart dileaae The aardiau signs ape often concealed by distension of the overlying
lung ‘

However, pulmonary hwpertenaion may ‘be suspected if there is a loud and early
pulmonary second sound with a pulmonary systcllc ejection click. In the absence of
left systemic hypertension, the lower 1limit of normal for the interval between the
scrtic and pulmenary second sounds on inspiration is 0,03 sec.

Right ventricular hypertrcphy may ve evidenced by a systolie thrust to the left
of the sternum, gallop rhythm at the lower end of the sternum, and a giant "a" wave
in the Jugular venous pulae. Epigastric pulsation ig commorily seen, but -is evidence
more of & low diaphrasm than of right ventricular hypertrpphy When failure super-
venes the eyeznosed extremities are often warm ‘with a full pulse, in contrast to the
eolder hands and often feeble pulse of left ventricular and ischaemic heart failure.
The Jugular venous pressure is persistently ralsed with diminution of the X descent.

5.5 Radiplogiual criteria

Although in chironic pulmonary heart disease the heart and pulmonary vessels may
present pharacteristic features in a|phest :adipgraph, therc may be no abnormelity,
or there may simply be generalized.enlafsemént, in@istinguishablé from that due %o
other cardlac diseases, | o o

The characteristic features are:

5.§;l Pulmonhary vessels - reduction in peripheral vascular shadows with

enlargement of main pulmohary artéries. Tomography may greatly increase the
precision of diagnosis. ~Even more precise morphological and funetional informetion
concerning the pulmonary vasculature may be provided by angiography.
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5.3.2 Pulmonary conus - £illing in of normal concavity leading on to prominent
convexity is best seen in the right oblique position.

5.3.5 Right ventrigle - enlargement is best seen in the right lateral position, in
which there is increase of the contact of the heart with the anterior chest wall.
Considerable enlargement may be concealed in a P,A, film, Although'dilafatiaﬁ
cannot be distinguished from hypertraphy, chronic dilatation is alwaya associated
with hypertrophy.

5.4 lectrocardiographia critaria

A number of electrocardiographic changes may be auggaativa of right ventricular
hypertrophy, but are often due to the presence of emphysema, the vertieal poaition of
the heart, or clockwise rotation., These are: low QRS voltage; right axis deviation
of QRS; QR3S negative in aVlL and aVF; & wave in 1aadaﬁI, iI and IIT aad in the
precordial leads as far as Vg. . o Co |

The sign that 1s usually considered most valid of right ventricular strain is
the presence of a pulmonary P wave, but this is not universally agreed and the
mechaniam of this electrical change is not established. Tt has been recorded on
subjects without any evidence of cardiag or pulmonary diaaase, and may result from |
simple positional changes, It cannot ba aacaptad as avidanae of right vantricular
hypertrophy without other aleatrical aigns '

Multiplieity of electrocardiographic changes Euggaating‘right ventricular o
hypertrophiy do not usually appear until late in the evalution of the dilzecaze.. Further,

no correlation has been observed between any particular elaatrocardiographia feature and
the degree of pulmonary artery hypertension, right ventriecular hypartrophy, hypoxia or
failure. It is therefore not possible to propose any guantitative grading of the
severity of chronic pulmonary heart disease on an electrocardiographic basis, It
appears that tha'alaatriaai signs of right ventricular strain are not due entirely to
the anatomical state of the right ventricle, but are also due to various functional

and metabolic factors which explain their liability to regression.

The following electrocardiographic signs may be regardad as indicativa of right
ventrieular hypertrophy, especially if there is a P wave of ncrmal width but 2,5 mm or
more in helght in lead IT, with or without increase In leads IIT 2nd avF, and a
diphagic wave in V; and VE‘
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(1) increased and delayed R wave in V4R V33 and Vy (onset of intrinsic
deflectien more than 0. 03 se¢ in Vl) and RS wave in V- and V33

- (i1) alteration inethe ratio R/S in the 1eft ehest 1eads- B/E less than
l in V5. and leee thﬂn 2 in Ve,'

(iii) dinversion of T in IT and III, and eventually in Vg y;
(iv) predominant S wave in I, IT and IIT:
{v) complete or incomplete right bundle branch block,

In the preeehce ef'eigeifieent‘pulheﬂary'dieeaee but with none of the electric
signs of right ventricular hypertrophy, right ventrieular strain may be suspected if
progressive chengee are observed in the' deviatien of the electrical axis towards the

I‘lght -
5.5 Haem ic criteria

5.5.1 Introduction

The only conmon, denominator in all cases of chronic pulmonary heart disease 1s
inereased right ventrieular work whieh is predeminently due to pulmenary hypertension,

Although the presence of pulmonary hypertension does not necessarily imply right
ventricular hypertrophy, on which we.heve defined ohyronic pulmonary heart disease, its
presence implies strain upon the right ventricle which, if 1t is persistent, will
cause hypertrophy. Cardizc catheterization is, therefore, the most accurate method
for the diagnoziz of right ventricular hypertrophy during life. Catheterization is
) clearly not necessary for the diagnosis of every case of suspected chronic pulmonary
heart dlzease, It is only neeessary in order to clarify the etiology of right
ventiricular hypertrophy, for instance in the presence of Gegrees of pulmonsry disease
apparently insufficient to account for any effect on the heart, or in the presence of
other congenital or aecquired cardiac disease,

5 -5 . 2 * MEthDdQlQEE

It is not necessary to present full deteile of the technique of cardiec
catheterization or of the derivatien of the usual haemedynamie measurements, for they
are well established and described in standard textbooks, It Is, however, worth
drawing attention to one or two points about which some uncertainty remains or which

require standardization.
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(a) The importance of achieving a steady state

Cardiac output and pressure measurements should, %© far as poasible, be made when
s steady state of activity has been achieved auring exercise or when other experi-
mental variables are being 1nvestigated. A lack 6f eqﬁilihpium or non-similtanccus
measurements of the various parameters may congiderably distort the regults of
haemodynamic investigations. The presence of & steady state can best be deménstrated

by continuous measurements of ventilation,

(p) Pressure measurements

Measurements of pressure in the heart or pulmonary vessels should be made in .
relation to a clearly defined point. of reference and the precise technique of measure~ ‘I@
ment should be specifiled. Measurements should be repeated twice_. or more often,
during guiet respiration over & period of at least three_reapiratory eycles, The
average of the systolie, diastolic and mean presaures fprom all the heart beats during
this period shouid be glven. | B

(¢) Normal values

The wpper limit of normal values, with the referénce point 10 cm above the level
of the back 1n the supine position, is as follows: '

" 8ystolie Diastolic  Mean
umHg = _mmHg - mmHE

Right atrium : : - .- "6 )
Right ventricle ‘ 25 - 6 - w
Puluionary ariery ‘ ' 25 12 15
Pulmenary arterioclar wedge pressure - - : 9
Pulmonary arteriolar resistance. 125 dynes.sec,-em’5
Total pulmonary resistance - 960 dynes.=Se¢. em=2
Right ventricular work 1 xg/min/m® body surface.

Tapulations of normal values according to various authors are given by Muller (1959).

(4) Caleulation of the vascular resistance and cardiac work

The formulae that are used for estimating vascular resistance and right
ventricular work from the pulmonary artery preSsure”énd the cardiac output, only give
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approximate values because of certain 1nacaur§te'assumptiona included in the
econstruetion of the formulae, because of tﬁe diffieﬁlty.in meking simultaﬂenusi
measurements of the various parameteré;‘ﬁéeagse of errors which are inherent in the
techniques of pressure measurement and £inally, because of the inevitable physiologleal
variations in the prcpertiesVQf‘the;pulmpnary;vaadular tree, - The caleulated values

of vascular resistance and cardiac:work can only glve an appra;imate plcture of the
overall behaviour of the pulmonary circulaﬁion and right ventricle,

{e) Capillary pressure

In the vast majority af‘aasés,'pdlmanary'hypertenﬁibn in chronic pulmonary
heart disesse is precapiliary in origin and the capillary pressure is normal in the
absence of associated left heart disease. This sign is often thought to be of major
pathognomonic significance but it is 1mportaht to reagember thet in some cases of pure
chronic gulmonary heart disease there may be an incraésad capillary pressure. In
the absence of teéhnical faults this may be attributed to the presence of anastomoges
between pulmonary and bronchial arteries, or to some obstruetion in the pulmonary
veins. ’

5.5.7 Haemodynamic abnormalities in chronie pulmonary heart disease

On a haemodynamic basis chrouicfpulmonary heart disease can be classified into
three groups: '

(2) Normal pressure at rest

In most cases of chroni¢ pulmonary heart disease in the cerliest stages (before
there sre any structufal alterations in the ve#sela) the pulmonary artery pressure
may be normal at rest., In this case 1t is essential to carry out an exercise test
when a rise in pressure wiil demonstrate whether there 1s any inerease in vaseular
resistance, The teshnique of exercise tests during catheterization has not yet bheen
agreed, nor have the normal limits of change acnérding to the age of the zubject, the
amount of work and the increase of cardiac output yet been defined. On the basis of
existing observations one can probably state:

(1) that the mean pulmonary artery pressure should not exceed 30 mm Hg with
exereise corresponding to an oxygen uptake of less than 500 ee/min./m® carried
oul in the supline positien in the absence of cardlac failure;
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(i1) that the inerease of output should be at least 500 mlL per 100 ml of

oxygen consumption above resting level.

Purther observations are required canzerning the changes in pulmonary vaacular

resistance of normal and abnormal subjects on muscular exercise,

(b) Raised pulmonary artery presaqgg at rest without failure

During the next stage of the disease the pulmonary artery pressure is raised

even at rest and the increase 1is frankly abnormel during exerclse. In the absence
of failure the cardiac output may however inerease normally in the eourse of exertion,

except when the vascular resistance 1s greatly increased.

(¢) Increased pulmonary artery pressure with cardiac failure

In the presence of fajlure the pulmonary hypertension may decrease but cardiac
failure will be menifest from the haemodynamic point of view:

(1) by fallure of the heart to increase 1ts output normally on éxercise;

(11) by a rize In the end—diastolic‘pressure in the right ventricle which may

reach 10 or more mm Hg.

In combined left and right heart disease the changes of caprdise output and
pulmonary artery pressure may uzefully be followed after'injection of a d;gitalia
alkaloid. In the presence of left ventriéﬁlar fajlure, there is usually an increase
in cardiac output associated with a fall In pulmonary artery pressure. ‘On the other
hand, in right ventricular failure one may observe an inerease of cardlac output
asgoolated with an‘increase of pressure, - This type of observation requires further
atudy in order to enable the results to be more clearly defined.

6. FUNCTIONAL DIAGNOSIS IN IUNG DISEASES THAT MAY CAUSE CHRONIC FULMONARY
HEART DISEASE -

6.1 Introduction

When primary lung disease is af sufficient severity to cause pulmanhry heart
disease, it 1s exceedingly rare (if it ever oceurs) for only ohe aspect of pulmonary
function to be impaired so that & full pulmonary function study 1s always desirable.
We do not, hpwever, propoae to present a complete and detailled ascount of all the
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techniques that are avallable for such éfﬁ&iéé, féf thesé are available in various
textbooks and revieWS. We intend rather ﬁo desuriﬁe‘the”simpler 1nvé3tigatiohs that
may be regarded as the minimum necessary 4o 1deéntify the relevant disorders of
pulmanary function.

Chronic pulmonary heart disense omly resulta frﬂm deranged pulmanary funetion
{without occlusion or losa Of pulmnnary vaﬁaulature by involvement in anatomical
structural changes in the 1ung) when the disorder is of sufficient severity to inter-
. fere with respiratory gas exchange, producing hypoxaemia with or without changes in
@ il pC0p,  Attention should therefore first be directed to alterations in

arterial gases,

6.2 Methods of estimat or measuring arterial oxacmia

6.2,1 Cyanosis

Estimation of arterial oxygen, saturation from ¢11nica1 eyanosls is auch an
insensitive method and §0 prome to ervor that it should only be used if no other
method is availasble, In this case, the colour of warm mucosae (inside 1ips or tongue)
and the effect of oxygen breathing and, 1f possible, exercise, upon the degree of
eyanosis, should be recerded.

6.2.2 Measurement of'artErial“ggzgen.aaturatian

‘!’ The shape of the oxygen dissccistion curvé reﬁﬁers thiz an insensitive metheod of

detecting even moderate degrees of hypomaemia. Tt iz best estimated by the manometric
method of Van Slyke and Neill, but spectrophotometric methods may be equally accurate
and more convenient, especially for recording changes occurring during exercise. Ear

oximetry is still more convenlent, but does not provide absolute values of saturation.

6 2.5 Mbasurement of artarial ggxgen tension  (p0s)

This is the most direet meazure of hypoxaemia but preéents formidable technieal
difficulties, The development af oxygen electrodes permittiﬁg sontimious recording

of p02 may, in the future, provide great advantages with considerable simplification.
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6.5 Methods of measuring arterial carbon dioxide

6.3.1 Direct meaaurements of PO~

These are difficult but the pCly can be calculated from measurement of the COR
content of whole blood obtained at the same time as the oxygen cantent by the Van |
Slyke and Neill method ., If the pH and oxygen capacity are also determined the
pCO, can be read from nomograms.  The pCO2 can also be obtained from direct meaaure-
ment of the COp content and pH of plasma, using nnmograma based oir the Henderson-

Hasselbaeh equatlcn.

In the sbsence of any cause of metabolic alkalosis, tbescog‘aontent pffplaama
alone provides a useful indlcation of chronic elevation of plOs. '

6.3.2 'The alveolar 1COs

The alveolar pC0, is effectively identical with that Qf the mixed venous pCOE
which can be assumed to be 6 mm higher than the arterial 0Oz, Reuently, simple
rebreathing techmiques for estimating alveolar 003 have been fourd to permit reliable
estimation of the artefial pCOp at the bedside, without recourse to arterial blood
sampling and troublesome analysis Gcémpbell & Howell, 1960).

6.4 Causes of hypoxaemia

There are four malin disturbances of pulmonary function which may cause hypbxﬂemia

with or without changes in arterial COn:

6.4,1 Reduction of ventilation-perfusion ratio

If some of the bldod”ﬁransversing the lungs pesses through areas of diminished
or mbsent ventilation, it will retain to various degrees its venous compositian.
When 1t mixes with blood coming from normally ventilated lung (venous admixture) the
ensuing mixture will be hypoxaemic, but 1ncr¢asad ventilation of the well ventilated
areas of lung, due to central stimulation, will usually rid the blood of exXcess 002.
Thus, disturbance of ventilation-perfusiqn ratios or, 1n the extreme,'shunts of blood

through unventilated areas, produce hypoxaemia with normouapnia. If the arterial
hypoxaemia is due to hypoventilation of perfused lung, reathing‘loo per cent. OXYgen
will correct it, whereas 1f it is due to anstomical shunts or to perfusion of completely
unventilated lung it will persist despite breathing 100 per cent. oxXygen.
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6.4.,2 Alveolar hynoventilation

. An overall reduction in alveolar ventllatlon, from whatever cause, produces a
numericaliy equal‘féll of p0, and rise of pU0, in the alveoll and herce in the
arterial blood; but owing to the different shapes of the dissociation eurves of
oﬁygén and carbon dioxide, while the change in arterial carbon dioxide content is
proportionate, the chamge in arterial oxygen saturation is relatively slight, ‘Thus,

hypoventilation produces hypercaggia with Erogortionate gypoxaemiaz but usually only
slight oxygen desaturation, ' ' '

6.4.5 Alveolar-capillary block

Alveclar oxygen exchange may be Impalired LT thefeﬂié thickening‘of,fhe alveolar
walls or if the duration or area Qf contact between alveolar gases and pulmonsry
capillary bléod is redﬁﬂed, but the exchange of c&rﬁoﬁ dioxide; wﬁiah.is*thirty times
more &1ffusible than oxygen, remaing normﬁl; On éxﬂrcise, the more rapid passage of
blood through the alveoll sxacerbates the hypoxaemia.

Thus, alveolar«oapillary block produces Eggoxaemia, increaseda or onlx manifest
upon exe::‘ciSa . often with hypacapnia.

The diagnosis of alveolar—capillary block may hbe confirmed by estimating
pulmonary diffusing capacity, either by one of. the steady-state or single-breath
carbon monoxide methods, The latter are pefhapﬁ preferabie.beaause they are less
liable to show apparent reduction of diffusing capacity which i= feﬁlly due to
disturbed ventilatiohmperfusion ratio, If the eause of a reduced diffusing capacity
iz lozs of alveolar sﬁrfacé rather than A-C bldek, as in emphysema, there will also
be severe obstructive ventilatory impairment.

6.4 4 Breathing of low ﬁxysen tensions

This, 1n effect, only oceurs at high altitudes, It results in hypoxaemia with
gzggcapnla from increased alveolar ventilation. When pulmonary heart disease results
from long residence at high altitudes, the alveoclar ventilatlon iz decreased and

severe hypoxsemia with tbe return of pCOE towards normal levels may be observed,
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6.5 ‘Tests of ventilatory function

Hypoventilation due to 1mpa1red ventilatory functian is probably the commonest
funetional disorder of the lung that may cause chronic pulmanary heart diaeaae.
Measurement of ventilatory funetlon is simple and should be carried cut 1n all canes.

Impairment of ventilatory funetion is of two types:

(1) Obstructive imggifment.‘  This implies that the impairment is due to
obstruetion to air flow within the tracheo-bronchial tree; . “

(2) Restrictive impairment. This implies that there is reduction of vital -
papaoity without obstruction to air flow.

Some dagree 6f restrictive impairment almost always accompanies sovere
obstructive 1mpairment, but restrictive impairment may occur without any obatruetian
to alr flow. ‘ ‘ ‘

Various simple methnds are available for éatimatins 1mpairﬁen£ of ventilatory
function. The most widely used method, and one that is both valid and, if correctly
performed, relatively free from subject and observéf‘error,l 18 to. measure the
maximum volume of alr that the subject can exhale foreibly frem a full inspiration

(2) during the first second (FEV q)
(b)“to fﬁli'ékpirationl(FVC) S
The value of FEVl 0.gives a measure of ventilatary capacity, vwhile the FEV

expressed as a percentage of FVC indicates whather 1mpa1rment 1f present is
predominantly obstruetive or restrictive.

Many other tests and indices of ventilatory 1mpa1rment have been described,
From splrograms of forced expiration and inapiration, maximal axpiratory and inspira-
tory‘floﬁ rates may he measured and have been claimed, without anatomical confirmation,
to provide seme differentiation between emphysema (in which the expiratory Flow rate.

Lo long as the subject takes a full inspiration, the amount of air expired
in one second 1is independent of the effort applied over a wide range of expiratory
Effﬂrt -
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is disproportionately reduced, compared with the inspiratory flow rate), and asthms
{in which both are reduced). | | ‘

Measurement of the mean expiratory flow rate during the second and third

gquarters of a forced expiratory vital capacity (maximal mid-expiratory flow rate) has
been elaimed to be more dizeriminatory than the EEVl;O in the diagnosis'of alrways
obstruction, but this claim has not been confirmed. Direct determination of the
maximum breathing capacity is‘widely.used, but requires a high degree of co-opération
and ls distressing for a seriouél& 111 patient, | | |

The Peak Expiratory Flow Meter (Wright & McKerrow, 1959) is a simple and
portable instrument for estimating obstructive impairment of ventilatory capacity.
The instrument will not deteet restrictive impairment and is liable to observer and
subject variability which reduces iﬁs diseriminatory capacity, but itz great
simplicity makes it a useful instrument at the bedside or for_epidemiological sUrveys
to detect generalized obstructive lung disease‘which iz by far the éommonﬁét disorder
of pulmonary function which may lead to chronic pulmonary heart disease,

There are a wide variety of methods by which the obstructive and restrictive
somponents of ventilatory impairment can be much more accurately estimated than by
spilrometry, but most of these require relatively elaborate equlipment and are not
essential for the diagnozisz and assessment of impairment sufficient to cause chronic

pulmonary heart disease,

In cases with obstructive ventilatory impairment the FEV and FVC should be
repeated- after the use of bronchodilator drugs, in order to show how much of the
airways cbstruction is immediately-reversiblé. At present there seems to be no way
of predicting which cases will and which will not respond to corticostercids, exeept
that 2 response is scldom seen in cases with grossly infected sputum., TIn all other
cases, and in Infected cases after control of the infection with antibiotlcs, the FEV
and FVC shouwld be repeated after a week's administration of full domes of a

corticosteroid,
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6.6 Exercise tests

Although the effect of exercise on pulmonary function is & matter of great
interest both in normal and abnormal subjects, 1t is enly of direat value for
diagnasis of pulmonary disease in cascs of suspected alveolar-capillary block., Here
there is aharacteristieally a f&ll of oxygen saturation and a marked incresse of
minute volume of venui;atien on exercise, Oxygen saturatlion may £all on exertion
in other pulnonary disnrders, notably in severe generalized obstructive lung disease
with or without emphrmama, but these cases are usually incapable of any great
inerease of minute volume because of their severe obstructive ventilatory impairment,
Phere may also be a fall in oxygen saturation in cases with shunts, but in such cases,
in contrast with those with alveolar-capillary block, the fall is not prevented by
oxygen breathing during exercise,

Measurement of ventilation ard of oxygen saturation during exercise 18 therefore
a uszeful inveatisa*ion.when alveolarncapillary block is suspected.

The type of exerciaa to be used will depend upon facilities. Iﬁslseverity
should be deseribed in terms of the work load in kg M/sec. or in terms of the
inorease in oxygen consumption. The work level should be ad)usted so that at least
three minutes of exe"cise can be performed. - If, in exereise of longer duration, &
steady level of inéreased’minute volume is anhieved; this steady level may be used
ss & measure of the exercise ventilation, With shorter periods of exeroise the
total ventilatory volume during exercise and recovery may be divided by the
auration of exercise to produce a standardized exereise minute volume which is
comparable to the steady state exercise minute volume (Hugh-Jones & Lambert, 1952) .
The values obtained can be compared with. those found for normal subjects according
o the particular technique that has been used. Changes in arterial oxygen satura-
tion may be adequately followed by ear oximetry, since absolute values are not
regquired,
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T. DEFINITION, CTASSIFICATION AND DIAGNOSIS OF PUIMONAHY DISEASES THAT MAY
CAUSE CHRONIG PUILMONARY HEART DISEASE

7.1 Introduction .

In most of the diseases listed in table 1, section 1, the disgnosis is made by

established methods whioch need no elaboration, but some comment is neceSsafy oh the
definition, classification and diagnosis of emphysema and related conditions, which
in all published series are the commonest causes of chronie pulmonary heart disease,

and on the pneumnconiases.

7.2 Classification and diagnosis of emphysema and related conditions

7.2,1 Definitinn and classification of émphyéama‘

The word emphyaema is at present used to describe & varlety of morbid states of
the 1ung which differ widely in their pathology and ¢linical effects., The use of a
single word for a mudtiplicity of disordera ‘results in misunderstanding between
investigators which retards advance in knowledge of a group of common and often
serlously disabling diséaﬁeé. In mosﬁ papers and textbooks no attempt is made to
define emphysema, Ghﬁracteriétically; one‘recent textbook devoted to the subject
beging, "fhe term 'emphysema"is géﬁerally'used to describe a ehronic disease which
in its fully evelved state 15 readily recopnized as a characferistic c¢linical entity®
and no further definite information 1z given as to how the recognition is to be
achieved, There is a widespread, unjustified assumption that emphysema constitutes
a single wniform disease process with idertical anatomical and functional manifesta-
tions in all parts of the world, It is most important that some attempt should be
made to dispel this illusion and to. eclarify the prevalling confusion,

The first source of confusion is disagreement as to whether the word emphysema
should carry no more than 1ts original Greek meaning of simple inflation or whether
it also implies the presence of‘irreversible destructive changes in the lumg, It is
important to distinguish these two groups of conditions and the diztinction is
likely to be blurred if the same word is used without qualification for both of them,

The second source of confﬁsibn, related to this, is the Aifficulty of determining
without pathological examination of the lungs, whether or not there is only gilatation
or wheth.r destructive changes are also present. AlthOugh it has been recognized for
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many years that there is & pour correlation between alinical and‘pahhaloginél dtagnogls
of emphysema, no adequate aomparison has yet been.made between the resulls of modern
physiological and pathological gtudies: caseg are not infrequently seen in which the
diagnosis of emphyaema has been made during life on ciinical and functional growds,
but in which, at post-mortem, there is no anatomical ewphysema, or in which the
emphysema is locallzed, "leaving large areas of the lung unaffected, Cases are also
seen with anatomlcal emphysema gt autopsy in which elinieal or physiological evidence
of emphysema during life has peen lacking., Indeed it 1z st1ll, today, impossible to
correlate patholugical emphysema ~ which may oceur in a varlety of forma - with any
single characteristic clinical, radiolngieal or. functional synﬁromﬁ. '

The proposale which we put farward are based to & large desree on ‘those recently
‘publimhed by a group of Pritish 1nwestigators (ciba Poundation, 1959). We accept
the conclusion of this group that em aema ahnuld be dafinﬂd in anatumiaal terms as

followss:

"Emphysems i& a condition of the lung, characterized by 1n¢rease beyond
the normal in the size of alr spaces distal to the terminal bronnhiale, either
from dilatation or from destruction of their walls,"

It is important to realize that emphysema can only be diagnnsed consistently by
pathologists in lungs distended and fixed before they ave cut, It ghould be neted
that if the lungs are inflated before they are eut they will be examined in a state
comparable to full fnspiration during 1ite. This means that simple, acute
distension of a norpal lung, as for instance during an ettack of asthma, will not be
detected after fixation, . Such distension of the lung will, in most cases, be obvious

when the chest is first opened at autopsy .

It is important that the type of emphysema ghonld. be clearly indicated or
desoribed, The classification pud forward by the British group (table 5) 18 useful
in that it distingulshes beilween gimple dilatation and deatructive changes and
between those selectively affecting the respiratory pponchioles {c¢entrilobuler
emphysema), those affecting the. whole acinus (panacinar emphyuema) and those that are
otherwise or irregularly distributed. Illustrations were also provided of proposed
poundaries between these grades in the two maln snatomic types (panacinar and
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centriiobular\ mhlﬂ aﬂpears to be the fiﬂat attempt that has been made to provide
a wmethed of achzevhng unlformity in the clmssification and grading of emphysema and
we suggest 1% should be more widely tried, It might be. helpful if WHO undertock to

provide rEPPOduetiOES oF thEaE, or comparable standard illustrations, a3 a basis for
a proviaional international standard

Since, a5 has been emphasized 8, confident dlagnosis of emphysema usually
requires pathological examinatlion, it 1s necessary to attempt to define and designate
in elinjeal, radiological, or functionsl terms syndromes which are thought to be

o assoclated with emphysema, and then fo study the relation of -these syndromes to-
various morbid anatomical changes. Only when this has been done will it be kmown
whether it is possible to define aombined.alinieoepathnlogical‘ayndromes to which the
word emphysema may Justifiably be applied, Meanwhile it is suggested that only
elinical and functional terms should be used to describe and define clinfcal and
funetional syndromes. The clinical use of the word enphyscms, shouid be regarded as
presumptive and should only be used to stimulate Tthought and research It should
not be used as a2 aefinitive elinical diagnnsis in case records or publications

without morbid enatomical econfirmation,

The chief clinical and functional abnormalities that are cammonly associsted or
eonfused with emphysema are chronic bronchitis and obstruetion to alrflow in the
. bronchial tree which may be Intermittent, as in asthma, or persistent, as 1n most
Q cases in which a elinical diagnosis of emphysema is made. These, then, are the
elinical conditions for which we need definitions and diagnostic criteria,

7.2.2 Definition and classifieation of chronie bronchitis

We suggest that bronchitis should be defined in funetionsl terms simply ass
Tdhconie ov recurtent Increase above the normal in the voluiie of bronchial mucous
secretion, sufficient to cause expectoration”. The words Vchronie or recurvent” may
be further defined as "present on most days during at least three months in two

successive years',

Chronic bronchitis thus defined can be classified in two ways; first according
to the volume of the sputum and secondly according to the presence or absence of
infection =20d sosinophilla,
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With in-patients, the sputum volume may be measured over 24-hour pericds, For
othpatienta, end in epidemiologidal surveys, the valume of sputum expeqtorated in
the £irgt hour after rising appears to be a useful. index of brdnchial hypersecretion,
The volume appears:to'cﬂrreléte‘with frequency of recurrent infections and with
impairmént of ventilatory function, We cammot yet propose any formal grading of
degrees of hypersecretion, but subdivision of increaéing sputum volumes into: less
than 2.5 ml, 2.5 ml:to 4,9 ml, and 5 ml or more, would appear ressonable. In
epidemiologicalfsurveys; it has been found that there is a close correapondﬂnce‘
between a classification of subjects into three groups based, on the‘ﬂne hand, on'
morning sputum volume and, on the other hand, according to their answers to simple w
standard questions (see section 7.4.1) about phlegm production, which thus provide an
alternative clinieal.classifieation as follows:

Sputum volume S Phlegm production

0 None or only occaslonal

less than 2 ml ‘ .. Phlegm on most days for at least three months
. ‘ each year, but only on rising or only later
in the day.

more than 2 ml Phlegm on most days for at least three months
each year, on rising and throughout the day.
At a conference on bronchitis at Groningen in April 1960, 1t was agreed that on
the bagis of examinatlon of fresh sputum by the concentrated technigue (Mulder, 1957),
chronic bronchitis might be classified on a clinico-pathological basis as follows:. w

{a) 8Simple chronic bronchitls

"Chronic bronchitis in which pathogenic bacteria are absent and less
than 60 per eent, of the leucocytes are eosinophils,” (Pathogenic bacteria
inélude H. influenzae, Str. pﬁeumoniae, Staph, aureus, beta-haemolytic streptocccedl
and Klebsiella pneumoniae.) |

{p)} Chronic non-infected eosinmophilic bronchitis

"Ohronie bronchitis in which more than 60 per cent., of the leucocytes in

the sputum are eosinophilic and no pathogenic bacterias are present,"
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(¢) Chronie infescted bronchitis

TChronie bronchitis in which pathogenie bacteria are present agsociated
- with neutrophil polymorph leucocytes, and 5 per cent. or less of the leuco-

aytes are epsinophila.“

(4) Chronic. infected eosinephilic bronchitis

"Chronic bronchitis in which pathogenie bacteria‘are_present‘associated
with n&utrophil-polymnrph leucoeytes and more than 5 per cent., of the leuco-
o eytes are sosinophils,™ o

People rarely admit to chronie or recurrent cough without any expectoration.
Such people may be deseribed as having "ahronie dry bronechitis® if no other cause for
the cough can be found, '

T.2.5 Definition‘and classifieation of generaiiaed pbatrictive lung disease

The definition of these diseases should be on a functional basis as follows:
"generalized airways cbstrugtion is present in subjects with an increase above the

normal in resistance to airflow in the bronchial tree, at least on expiration”.

The obstruction to airfiow can be most simply and reproducibly shown by a
reduction in the one second forced expiratory volume which is relaﬁively greater than

. the reduction in vital capacity {see section 5.3.1). It is most important to
‘!’ distinguish'those cazes in which the airways obstrugtion iz intermittent or reversible
by drugs, which are usually diagnosed clinically as asthma, from those cases in whieh

the obstruction is persistent and irreversible. These are the cases usually diaghosed
a5 having emphysema. . '

Thege disorders may occur with or without chronic bronchitls and may be defined

a5 follows:

(2) Intermittent or reversible ﬂbstrﬁctive.lung disease: asthma

"Asthms refers to theé condition of subjects with widespread narrowing of
the bronchial airways, which changes its severity over short peridda of time

either sponteneously or under treatment, and is not due to cardiovascular disease.”
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The e¢linical characteristios are abnormal breathlesangsg,.wﬁiahﬂmay be. .
paroxysmal op persiatent wheezing, and Iin most_caaes relief-by,bwoncho~
dilator drugs (includ:l.ng corticosterolds).

(v} Irreversible or persistent abstructive 1255 disease

"Irreversible or persistent obstructive lung disease refers to the .
condition of subjects with widespread narrowing of the bronchial airways,
which has.beep.present‘far more than oﬁe year and which is unaffected.bv
broncho-dilator drugs {ineluding corticosteroids).”

It is important to note that most cases of persistent obstruetive lung disease

also have some degree of reversible obstruction or asthma,

7.2.4  Comments and corelusions

Criticism of these proposals has centred on the suggestlon that ¢liniecians and
physiologists should largely relinquish the use of the word "emphysema".

Many clinicisns and physiologists maintain that cmphysema means "inflation" and
that abnormal inflation of the lung (and, therefore, emphysema) 1s present when the
funetional residual capacity 1s inereased beyond normal limits.l This condltion is
readlily diagnosed in life and might provide a‘éimple index of emphyseme., This
definition would equate emphysema with what we have defined as "Generalized
abatructive lung diseaSe - for significant airways obstruction almost invariably

leads to an Inerease in functional residual capacity.

There appedr to us to be lmportant objectlions to thialuae of the wur&,emphysema.
We think the distinction between simple dilatation emphysema and emphysema with
destruetion of lung tissue 13 an important one, This view appears to have been
accepted by an American Committee on the Definition of Emphysema (Bates et al., 195?),

1 Some authors would accept an inerease of residual capacity expressed as a
percentage of total lung capacity as indlcating emphysems, but this seems unjustifiled,
since in restrietive lung lesions {e.g. fibrosis) the percentege can be increased by
g8 reduction In teotal lung capacity without any abseolute Inerease in residusl or
functicnal residual eapacity and therefore without any "inflation",
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who confined the use of the term to cases with "&ttenuation‘and loss of pulmonsary
septal tissues”. It seems to us unwise to use the word "emphysema" to cover
distension both without and with destruction unless this distinection is deliberately
made, as in table 5. |

Mozt cliniclans envizage destructive changes in the lung when they use the word
emphysema, LIt is impracticable to suggest that words such as "simple dilatation”,
"reversible", or "destructive" should be used to qualify the word emphysema in
elinical practice fop they would seldpm be used and in any case the distinction
cannot always bélmade'in life, l‘The new term "Generalized‘obsﬁruativé lung diéease"
is accurately deseriptive and those who use it would be ehcouraged'eonscioualy to
conSider which cases are reversible, which are irreversible and, among the latter
group, which cases have clear evidence of destructive changes (for instance, from
radiological evidence or from direcet inspection of the lung on thoracotomy) and may
thus Justifiably be diagnosed as having destructive emphysema during life,

The solution to prevailing confusion whiech we propose is of ¢onsiderable
practical as well as theoretical importance because it focuses attention on problems
of etioclogy, prognosis and therapy. It is important, in every case of chronic lung
disease, to consider the relative importance of irreversible structural changes in
the lung and of associated functional changes and to consider carefully etiological
factors such as infection, allergy, smoking and.air pollution against which thera-

peutic prevention and therapeutic measures may bé‘directed.

7.3 Anatomic disgnosis of eﬁpﬂys®ma and related conditions

7.3.1 Preparation of lungs

The lungs must be Inflated and fixed before cutting., Details of the technigue
used for inflation should be described. Recommendations as to suitable techniques
are given by Gough & Wentworth (1949),HHearﬂ (1958), and Krzhl et al. (1959).
Inflation and fixation by formalin vapour is a technique which requires further study
before itz value in diagneosis and elassification is established,
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7.7.2 Diagnosis of emphysema

The character and severity of emphysema oan‘ﬁsually be determined by inspection
with a8 hand lens providing a magnifiecation of 3-4 diameters, but in some cases
identification of the anatomical origin of enlarged air spaces may require such
techrilques as the study of serial sections or stereoscopic low-power mieroscopy of

lung ziices,

Tad.D Diagnnsia'of bronehitis

The nature of any pathological changes in the brenmchi and bronchioles should be
noted, including chronic inflammatory changes, fibrosis, hypertrophy of goblet cells
and mucous-seereting glande and the presence of intra-luminer secretiomn,

7.3.4 Post-mortem pulmonary kinetics

Very little is at'present known of the pathological basis for chronie obstructive
Jung disease in the absence of emphyscma. 'There 1s & wide field of research into the
anatomic basis for disturbances of pulmonary function and we should like to see
pathologlsts paying more attentlon to changes in the physical properties of the lungs
(such as the elastic and non-elastic components of distensibility), in addition to
reporting purely struectural aslterations, '

7.4 Clinical disgnosis

Minor degrees of generalized obstructive lung diseases de not interfere
sufficlently with pulmonary or cardiac function to produce pulmonary heart disecase.
We are thus only concerned with the diagnosis of the meore advanced siages in which

ventilatory insufficlency or failure supervene,

7T.4.1  Symptoms

The main symptomé of generalized obstruetive lung disease are exertional
dyspnoea ¢f ahbnormal sevarity,‘ahd wheezing. Symptoms of any associated bronchitis
and a history of previous lung discases are also of interest, since they may be of
etiological importance, Severe morning headache mey oceur in cases wlth hypoxaemin,
and hypercapnia,
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A considerable amount of investigation has reecently been carried out into means
of standardizing the recording of respirateory symptoms and it has been found that
chserver variation can be reduced if standardized questions are used; This is of
obvious Importance in epidemiclogical work, where the preﬁalenﬁe of symptoms recorded
in one survey is to be compared with that recorded in another, but it is really of
equal importance in elinicsl work if the findings of one elinieian are to be inter- |
preted by ancther. The British Medical Research Council's Committee on the Aetlology
of Chronie Bronchitiz has recently approved a standardized questiommaire on resplraltory
symptoms, which enables the common respiratory symptoms . to be graded according to their
severity in a standardized manner (specimen attached to this report), Suggestions
for the grouping and coding of the gymptoms ayre also availéble.“ We propdse that”this
technique should receive extended trial. Some additional questions might be neaded
for clinical purposes. WHO mipght consider arranging for the publication of .
tranzlations of these questionnaires into languages other than Engliéh.

7.4.2 Physical siens

The physical signs of generalized obstructivé lung disease ssvere enough to
cause chronic pulmonary heart disease do not at present enable any distinetion to be
made between reversible and persistent cases or between those with and without

emphysema.,

Severe alrway obstruction 1is evidensed by laboured breathing with use of
accessory muscles and Limited chest expansion, wheezing expiration and often faint
breath sownds, In the presence of hypoxia and hypercapnia there may be a charac-
teristic jerky itremor and mental confusion, Occasionally papilloedema is observed.

Although physical signs may be valuable for the bedside diagnosis and management
of generalized obstructive lung disease with chronic pulmonary heart disease the gross
observer variation that appears to be inseparable from their recognition makes it
unlikely that their study will make any significant contribution to further under~
standing of these conditions.
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7.5 Radiological dlagnosis

Aithough emphysema of at least moderate severity can be present without any
radiological abnﬁrmality, there are a mumber of radiological signs which strongly

suggest the presenee of emphyscma. These arpe:

7.5,1 Prominent or normal hilar vessela with a marked deerease of peripharal
vascular shadows, This decrease can be more clearly ghown by tcmography than bw

plain radiography.

7.5.2 Localized transradiency with wide apacing of pulmonary vesaels or with halr-
lines, indicating the walls of bullae, It is important to realize that generalizeﬂ

tpansradicney 1s not a sign of emphysema.

7.5.3 A flat diaphragm lying below the level of the seventh rib anteriorly with a
movement of 2 om or less between full insplration and expiration. '

7.5.4 A marked increase in the retrosternal space seen in a lateral radibgrapha

7.6 (Clinjco-pathological diagnosls

Although clinico-pathological studies are not necessary for the diagnosia of
generalized obstructive lung disease, jnvestigation of the sputum may be of qonaider—
able etiological interest and should be carried out according to the technique of
Mulder (1956).

7.7 Classification and diagnosis of pneumoconiosis

Tn describing cases of chronic pulmonary heart disease due to pneumoconlosis it
is first necessary to define the nature of the pneumoconiosis that is present, We
suggest that oxeept for the use of well-established terms, such as silicosis (for
workers exposed to high concentration of 3102), asbestosis;and byssinoais,‘the
pneumoconiosis should be deseribed in terms of the causative dust or oceupation;

e.g, coal workers' or coal pneumoccniosis (not anthraaosilicasis), foundry workers'

pneumoconiosis {not siderosis).
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7.7.1 Pathological diagnosis

It is important to diatingﬁiah-between simple pneumoconiosis, in which there are
disseminated depozits of dust with macﬁlar or nodular fibrasis, and which, in the
abzsence of chronic obstructive lung diseaze, iz seldom a'caﬁae of pulmonary heart
digease; and massive pneumoconiosis, with whi#h pulmonary heart disease is eommon}y
associated. It iz suggested thatlmassive pneunceoniosis should only ke diagnoszed if
there iz a fibrous mass not less than 5 oem in its largest diamefer; This should

correspond approximately with the division between the radiélogical categories A and
B (sce below),

In addition, the type and severity of any associated emphysema bronchitis or
pulmonary vaseular pathology, should be reported.

7.7.2 HRadiologieal olassification

It is sugeested that for forms of pnéumaéoniosis to which it is applicable, the
International Classification (IIO, Geneva, 1958) showld be used and that a division
should be made between categories 1, 2, 5 and A as pneumoconiosis with predominance

of small opacities and categories B and ¢ as massive pneumoconiosis.

TABIE 5. PATHOLOGICAL CIASSIFICATION OF EMPHYSEMA
FPROPOSED BY A GROUP OF BRITISH PATHOLOGISTS

Unselective distribution beyond the terminal‘bronchiule‘(panadinnr emphysema)

(2) Dilatation alone (e.g. compensatory. emphysema and emphysema due to partial

mein bronchus obstruction)

(p) Destruction of the walls of air spaces (panacinar destructive emphysema)

Selective distribution beyond thé terminal bronechiole

(2) Predominantly affecting respiratory bronchiocles

(1) Dilatation alone (e.g., focal emphysema due to dust)
(11) Destruction of the walls of air spaces (centrilobular emphysema)

{p) Predominantly affecting alveolar ducts and saes:

(1) Dilatation alone
(ii) Destruction

Irregular distribution beyond the terminal bronchiole (irregulsr emphysema)
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8. SUMMARIZED RECOMMENDATIONS FOR DTAGNOSIS OF CHRONIC PULMONARY HEART DISEASE

If knowledge of the fréquency and etiology of chwronie pulmonary heart disease is
to be increased it is important that jrvestigators should agree upon eriteria for
dlagnosis. We have presented a review of criteria of varicus kinds, - It is now
necessary to make definite recommendations as to diagnostic procedure.

8.1 Di;gnnaia at_autopsy
Three questions must be answered:

8.1.1 1Is there right ventricular hypertrophy?

This is preéent'if the ratio: weight of left ventriele/weight of right ventricle
is 1.5 or less, If separate welghing of the ventpricle is impracticable, right
ventricular hypertrophy may be less accurately di&EnDS&d if the thickness of the right
venmrieular wall at the outflow tract 15 more than 5 mm.

8.1,2 Is the right ventricular hxpertrophy due to pulmonagg disease?

The hypertrophy can be assumed to be pulmenary in origin 1f:
(2) there is no congenital heart disease and the léft ventriele is normal;

(b) there is no congenital heart disease and, ‘despite left venxricular hypertrophy,
the ratio: welght of IN/weight of RV, is 1.5 or less, or the ratio: thickness of
the LV wall/thickness of the RV wall, is 1.lh4 or‘legs,l

(c)  there is no general myocardiopathy. .

8.1.3 What is the pulmonary disease that caused the yight ventricular hypertrophy?

. The problem here is to determine whether the right ventricular hypertrophy was
due to disease of the lung parenchymsa, to a funetional disorder of pulmonary ventif

lation or to disease primarily affecting the pulmonary vessels.

1 This figure is based on the calculation that 1.5 = 3/2. The cube root of 3/
cube root of 2 = 1,14, The validity of thls index requires investigation.
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{a) A primary cause in the lung parenchyma or bronehi will be indicated 1f there is ‘
Eross primary Erenehe—pulmenary dieeaee or -evidence of such disease from the eliniecal
findingel and the pulmenary"artefielee show endarteritis, . The right ventricular
hyﬁertrophy should be ascribed to the pulmonaby disease, even if ‘there 1s alsc plsural
thickening, thoracic deformity or pulmonery vascular thrombosis.

{b} A funetienalﬂdisorderuef'pulmenary‘ventilatien outside the lung will be indicated
in the absence of (a) or (e¢) if there was evidence of alveolar hypeventilatien in

life and one of the conditions noted in table 1, section 5, can be identified.

(e) A disease primarily sffecting the pulmenary vessels will be indlcated in the
absence of (a) or (b) if there is thrombosis in the pulmonary vessels witheut end-
arteritis, or if there is characteristic vascular pathelogy of any of the diseases
listed in table 1, section 3. |

8.2 Disgnosis during life

The problem of disgnosiz of chronic pulmonary heart disecase during life is more
complex and inevitably less accurate than the autopsy diagnosis, because simple
eleetroeerdiographic or radiologleal evidence of right ventrieuler hypertrophy may
be lacking despilte its presence at autopsy and may sven be. 1aeking in cases wilth
clinical ecardiag iInsufficiency. The diagnosls should therefere be considered, and
the essential investigation carried out, on the one hand in'caeee withhdieability due
to pulmonary disorders that are known te,be.lieble‘;elreeult inufight ventrieuier
hypertrophy and, on the other hand, in cases of heart feilure theﬁ‘eﬁe not obviously
due to other causes. We can consider the two problems eeparatelﬁ. o

8.2.1 Diagnosis of chronic pulmonary heart disesse without failure in cases of
chronic lung disorder

Broadly speaking, right ventricular hypertrephy eeeendary te pulmonary diSeaee
oeocurs in twe eireumstanees- ' firet when the pulmonary vazoulay bed ie reduced by
gross fibrosls, grenulOmatesis or reduetien in funetioning lung efter reeeetien, and -
secondly, when there is, or hee been, hypoxaemia o hypeventilatien. ‘Right ventricular

1 e.g. severe pulmonary emphysema, chronic bronehitis, massive pneumoconiosis,’
severs, extensive fibrosis-or a hiztory of severe generalized cbetructive lung disease.
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hypertrophy should be ¢onsidered in all cases in which these abnormalities may be
suspected, For clinical purposes diagnosis may be based on radlography and‘eleatro~
cardiography, and the severity of right venfriaular hypertrophy classified as
suggested in table 4, Cardiac catheterization or anglography iz only neqas;ary‘in"

gpecial cases,

8.2.2 . Diagnosis of chronie pulmonavy heart disease in cases of heert failure

The possibility that chronic pulmonary disease may be a major or contributory -
cause in any case of heart failure should alwaye be considered. |

Tt may be excluded when there 13 no pulmonary disease demonstrated by radiography,
when there 18 no hypereapnia (which may be determined at the bedsides see paragraph
6.3.2) and when there is another obvicus cause of failure; such as cardiac infarction

or rheumatic or congenital heart disecase,

T+ should be diagnosed when there 1s pulmonary disease with hypoxaemis or
hypercapnia and there is either electrocardiographle or radiosraphic_evidence‘at
right ventricular hypertrophy.

In other casea, where there i3 positive electrocardiographic or radiographic
avidence of right ventridular hypertrophy but no evidence of pulmonary disease oy
dyafunction, or where there is no clear indication of the cause of the failure, one of
the conditions liated in table 1, section 5, should be suspected. - . Purther study by
catheterization or angiography and other ancillary investigations may be required Lo
establish the diagnnsia

9. THE PREVENTION AND TREATMENT OF CHRONIC PULMONARY HEART DISEASE -

9.1 Preventimn of causative Eg;gggggx oonditions

Inapection of table 1 will shuw that so far as prevention is concerned the
pulmonary diseases that may cause dhranic pulmonary heart dizease fall into three main
groups., Firatly, there are those of obscure etiology, e.g. chronic diffuse inter-
stitial fibrosis, for which at present no means of prevention can be propased-
aecondly, there are diaeases of specifie 1n£ect1ve or, 1nduatrial etiology, e.g. tuber-
culosis, parasitic diseases and pneumncuniasia, whnse prevention presents straight-
forward public health problems; thirdly, there is a group of chronie non-gpeaific
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infectious conditions such as chronic bronechitis and bronchiectasis which are
frEquentLy-gompliaated by-genefalized obatruetive‘lung disease, which iIs the commonest
cause of chronie pulmonary heart disease, If these diseases eould be prevented, the
problem of chronio pu;monary heart dizease would be reduced to;nelatively Insignifi-

cant proportions.

Until recently very little attention, apart from theoretical spesulation, has
beenr devoted to the pathpggnasis of generalized obstruetive lung disease, but in the
last decade contributions from maﬁy fields of medieinE‘haveibegﬁn‘tp provide & well-
grounded structure ﬁf hypothesis. | The natural history of thé‘disease sﬁggests that
many cases of simple bronchitis become liable to recurrent bronehial infection and
that these infections play some part in thg ﬁevelppment of persistent generalized
obgtructive lung disease. This pleture is supporﬁéd by epidemiological studies
which have shown a significant relationship between recurrent 1nfectiéns and impair-
ment of ventilatory capacity, and by the opinion of some patholdgisté who‘&ttribute_
the common centrilobular form of emphysema to antecedent bronchiolitis. On the
other hand, a small proportion of ecases of persistent generalized obstructive Iung
digease with emphysema appear to develop this disease without any previous bronchial
infection. However this may be, there is good reason to suspect that such
infection plays a major role 1n the pathogenesis of many cases,.

Tt is also clear from consideration of mortality statiétiéé and morbidity surveys
th&t‘important; though still only partiallj defined, environmental factors are at work,
The most clearly ineriminated agents are air pdllutioh by‘doméstié and industrial
smoke in large citiez, and gigaretté smdking,' Less alearly definad are those factors
responsible for the stéep'sdﬁiél‘claas gradient‘in‘fhe incidence of the disease.

This is clearly shown in British mortaliﬁy"sﬁatistics, in which mortality from chronic
bronchitis (which implies generalized obstruetive lung disease, since in its absence
bronchitis does not kill) is nearly five times as great in unskilled labourers as in
men in professional and managerial oceupations., The faet that the difference is as
great for the wlves of men in these occupations as for the men themselves shows that
this is some sort of soeial rather than occupational‘éfféct.‘" Vhfioua-fantors,
including overcrowding and delayed treatment of, or premature return to work after
respliratory infections, may be résponsible fof this S¢cia1vdlass'difference.
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Little or nothing is known about the reasons for individual susceptibility that
determine which subjects exposed to tobacco or coal smoke develop bronchitis, end
which of these are most liable to infections, but some experts qongider that bronchitis
1s basiecally an allergic. condition and that the primary bronchial nypersecretion
represents an allergle reaction to inhaled irritants,

One remarksble feature in all worbldity and mortality statistics concerning
chronic bronchitis is its greater prevalence in men than in women.. Although differ-
ences in smoking hablts may be largely responsible for this, there are probably. also
snherent differences between the sexes in susceptibility to ¢hrqniq bronchq-pulmnnary.

discase,

Incomplete as‘thé'éVidénﬂe 15, 1% i8 nevertheless sufficient for certain

preventive measures to be proposed

9.1, l .Gigarette smok;gg

There is no doubt that the vast majority of cases of generalized nbﬁtructive lung
disease cocur in clgarette smokers, The disease is relgtively uneommon in nonw
smokers and those who only smoke pipes and cigars, - In view of the strong evidence
that cigarette amokinguiéaalso a major ecause of lung cancer, it is time that some
effective actlon was taken to control the modern pandemic of ciﬁarette smoking. We
cannot here make any detailed proposals, but 1t seems unlikely that simple propaganda
unaupparted by legislative aetion will have any effect, One probable efteetive method
wnuld be the applination of inereaaed taxation on cigarettea and reduntion of taxatiﬂn
on other forms of tobaaco. ~ Any firm action taken in this way would draw attention to
the dangera inherent in the habit of cigarette amoking and thus the force of -onvictian
would be added to the persuasion of the pocket.“

9,1.2 - Air pollution
public health suthorities should brihg'mare”urgeﬁt snfiuence to bear on governw
ments to rid the'atmcsphere‘of”their tawns'of'the'prodhﬁ#s of combustion of raw coal,

a, 1.5 Can$r01 of bronahial infection .

The bacteria believed to be responsible for recurrent infectlons and bronnhitia
are suscepbible to antibiotics, and if recurrent infection 18 responsible for ultimate
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disability the control of these infections might prove an important means of prophy-
laxis., Unfortunately,.mddern broad spectrum antibiotiocs may cause undesirable side-
‘effects in some cases. Nevertheless, there 1s gufficient evidence to suggest that
doctors should be encouraged to make prompt use of these drugs in all cases of
bronchial snfection with purulent sputum, and health’ eduoation authﬂrities might
eonsider ways of encouraging the public to consult their dnctors for what are often
regarded, before the onset of permanent disability, as 3imple, urdmportant chest cblds.

9,2 ‘Treatment of pulmonary discases that may cause chronie pulmonary heart
digease ‘ ' : S

Treatment of many of the diseases listed in table 1 is either well established
or largely ineffective, We capnot here discuss the treaiment of the rarer conditions
concerning which there is room for debate. We will confine our attention to the
tpeatment of generalized obshructive lung disease especially in its later SLages
complicated by hypoventilation, which precipitates cavdise fallure, The treatment
of thié condition may be considered under the following hesdings:

9.2.1 Avoidance of bronchial irritants

Tt is important to persuade all patients with bronchitis to stop smoking, Those
patients who live in smoky towns may be assisted to move to the country., If this is
impossible they should remain at home and keep their windows closed during foggy
periods, A chenge of cccupation iz only indicated if there is clear evidence that
some particular dust or fume to which the msn 1s exposed exacerbates hls symphoms.

9.2.2. Treatment of infection

An exacerbation of bronchial infection is nearly always the precipitating cause
of cardiac failure. Tts treatment 1s chiefly a quastion,of choosing the right amti-
blotic and giving it in the right dose by the best route of administration,

The choice of antibiotic will depend ultimately on bacteriological examination
of the sputum; & Oram stain of fresh sputum may reveal the predominant organisms and
give lmmediate guidance. Information about antibiotic sensitlvity is not eggential
and must await the results of bacterial culture.
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Penleillin is the drug of choice in cases with predominant preumococeal infeetion,
but 1% is ineffeotive in normal dosage against the almost ubiquitous H, influecnzae,
Chloramphenicol is the drug of choice against this organism and despite its rape
tendency to preduce bleood dyscrasias, should be given in seriously 111 cases, For
the remainder, tatraeyeline 1z the most generally effective drug,

In gravely i1l cases the antibiotic should first be given by intravenous or
Intramsoulay injéction. There is no satisfactory evidence that 1nha1at1an therapy
has any advantage, and it may exacerbate airways obstruction by bLronehial irritation.

9.2.3 Treatment of airways obstruction

(a) Bronchodilators

There 1z a vast range of effective bronchodilator druga. Intravenous amino- ‘
phylline is perhaps the most effective in acute cases, but other drugs of proven value
inelude adrenaline {epinephrin}, ephedrine, isoproterencl (isoprenaline) and various
modified theophylline compounds such as choline theophyllinate, which cause less
gagtric irritation thaﬁ‘the parent drug. Aminophylline $uppositoriea at night may
be most valuable, Adrenaline and ilsoprenaline are perhaps most effectively adminin
stered by.the inhalation of aerosols. k

(b) Cortisosteroids

These drugs are effective in a proportion of cases of generalized obstructive

lung disease, but it is Qifficult to forecast which cases are 1ikely to reapond

In general, those with persistent infection seldom respond, while those with an
agthmatic type of history or with marked sputum eosinophilia are the mozt likely to
respond., JudsEment of the effect of these drugs 1s difficult because they nearly
alWays cause subjective improvement, even in the absence of any detectable change in
ventilatory capacity,  We suggest that those cases which are not 1nfaeted (or whose
infection has been brought under antiblotic control), and in which severe ventilatovy
impairment persists despite the use of bronchedilator drugs, should be given a trial
courge of a cortlcostercid drug, ‘This should last at least one week with an

initial dosage of 20 mg per day of prednizclone (or the equivalent in analagaps‘drugs).
The ventllatory capacity must be measured before and after the course, If there is
no significant improvement the drug should be discontinued even in the presence of
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apperent subjective benefit. I there is objéctive improvement the dose should be
gradually reduced to the minlmum necessary to hrovide symptomatice rellef, If
possible it should be dlsconbinued, bu¥ restarted if the airways obstruction recurs
later on, Many cases can be maintained on very small doses (e.z. 2.5 mg of predniso
lone twice daily) with great benefit and little risk of ﬁide‘efféets. The usual
precautions for cases receiving corticosterold drugs (eSpaeially‘fegulav chest X-rays)
should be taken, -

9.2.4 Comtrol of excessive bronchial secretion

In cases with excessive sputum production postural drainage may be of great value,
In severely 11l cases with ineffective cough it may be necessary to aspirate sputum
by a tracheal catheter, - When this is necessary it is usuglly advisable to pexrform a
trachectomny . Suction zhould be carried out with full sterile precautions using
ecatheters with curved tips which can be introduced into both left and right main
bronchi,

In some cases sputum.becomes viseid and difficult to expectorate, This is due
to dehydration of the sputum and inhalation of simple water aerosols way help., The
addition of detergents or mucolytic enzymes has not been shown to provide any .
additional benefit, nor is there any evidence that ordinary expectorants have any
significant effect. | |

9.2.53 Oxygen therapy, respiratory stimulants and assisted respiration

Since there is a considerahle welght of evidence that hypoxia plays an important
part in the pathogenesis of chronie pulmonary heart diséaﬁe, there‘;s a clear
indication for administering oxygen to all hypozaemie cases of generalized obstructive
lung diseaze. In some cases, relief of hypoxia decreases the ventilation and
hypercapnia increases to dangerous levels, producing mental confusion and even coma.
When this happens some physicians advocate lowering the concentration of inspired
cxygen or giving oxygén 1ntérmittehtly 50 that hypoxias is only partiazlly relieved,
This policy is unsatisfactory and it is better to maintain ventilation by respiratory
stimulants or by providing artificial ventilation. Most cases respond satisfactorily
to intravenous nikethamide (coramine) which should be given slowly, in doses sufficlent
to Ilnerease the ventilation: as much as 10-15 ml may be required. The doze can be
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repeated at four-hourly intervals or the drug can be given by continuous intravenous
infusion, Amiphenazole or amphetamine‘which can be given by mouth may also stimulate

ventilation 1n some cases,

When these drugs fail, artificial ventilation by pesitive pressure or tank
respirators should be instituted and continued until the patient is more able tq
maintain adequate ventilation without assistance.

9.2.6 Sedatives

Morphine and its apalogues should never be prescribed in cases of generalized
obstructive lung disease. Only the mildest hypnotics are safe in cases of
ventilatory failure,

9.2.7 Therapeutic methods of unproven value in persistent generalized
chstructive lung disease :

(2) Breathing exereises have never been clearly shown to improve the ventilatory
capacity in controlled trials. They may, however, assuage umecessary resplratory
effort in some cases and provide harmless diversion and relaxation in others.

() Pneumoperitoneum has received frequent revival since its introduction in 1913,
but has never been shown to have any useful effect.

{e¢) Various operative procedures, including denervation of the lung, plication of
bullae and searification of the lung have been repeatedly tried but apart from the

undoubted value of rescction of large lung cysts no consistent benefit has béen

reported.
9.3 Prevention and treatment of cardiac failure
9,3.1 Prevention

The prevention of ecardiac complications of pulmonary digease 12 primarily a
question of treating the causative condition. Methods dirceted more specifically
to the cardiovascular system may, however, reduce the right ventricular worlk and |
delay its falluve. |
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(2) Vascdilators

Various drugs have been suggested as pulmonary vasodilators, but in none of them
hag the mode of action been properly determined. Their influence on vascular

resiztance and their clinieal valuﬂ remsin questiénable.

Aminophyllin& appears to he a pulmonary vasodilator, possibly by a direet acticn
en the vesgels, and also, perhaps because of its bronchodilator action, but this drug
may. also increase the cardlac output and does not always reduce the vascular resistance,
Tolazoline (Priscol) may temporsrily reduce pulmonary hypertension, but inerease
cardize output, Papavarine has also been proposed as a pulmonary vasodilator, but
its action has not been properly studied. Ganglior-blocking agents appear to reduce
pulmonary srtery pressure, but their action on pulmonary vascular resistance is
controversial, and they may also produce undesirable side-effects, These drugs,
like papavarine, are usually reserved for agute'forms‘éf pulmonary hypertension,
particulariy.after embolism. Although acetylcholine undoubtedly lowers pulmonary

artery pressure, its effect iz so transient that it is of no value in treatment.

fhe various drigs which have"hitherﬁo been proposed as pulmonary vasodilators
have no constant effect on the pulmonary vascular resistance which is sometlmes
reduced but sometimes increased because of the secondary effects on the'heart. In
fact, we do not yet appear to have any drugs that act rrcelusively on the pulmenary
eirculation without affecting the heart or systemic --reulation.

(b) Anticoagulants

These drugs have a wide range of usefulﬂess, not only in pulmonary embolizm but
also in other forms of pulmonary hypertension, particularly those due to primary
vazcular diseaSE‘which are freguently accompanied by secondary thrombosis, They are
particularly indicated when there Is evidence of peripheral‘venous'thrombosis, in the
presence of polycythaemia, and in the presence of cardiac fallure, when slowing of
the circulation favour thrombosis,.

{c¢) Venesection

The unfavourable effects of polycythzemia appear to be more importént than its
compensatory effects, Regular venesection may reduce the right ventricular work by
reducing blood viseosity and volume.,
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(@) Rest

Physical rest appeara to be one of the best means of reducing right ‘yentricular
overload and its therapeutic value in the prevenﬁion of threatened cardiae fallure in.
chronic pulmonary disease has not been sufficiently emphasized. Prolonged rest 15
indiocated whenever the cardisc condition deterlorates in cases of pulmonary disease.
In,eariier oases, addption of a job that does not involve heavy exertion may be of
prophylamtic value, The use of sanatoria for periods of rest and éonvalescance”ahould
be considered. It is important, however, to remerber that complete inactivity i= to

be deprecated.

(¢} Reduction of cerdiac cutput

Reduction of eardilae output in severe chronic pulmonary.heart disease by means
of antithyroid treatment has often been sugges*ed and ﬁheré is good evidenee that in
some, but not all, cases thyroidectomy by radloactlive iodine or aimply by méahﬁ of |
antithyroid drugs may reduce cardiac output, hypoxaemia and hypereapnia. -

9,3.2 Treatment of right ventricwlar fallure fallure

In general, the trestment of right ventricular failure does not aiffer
essentially from that of other kinds of heart failure. A low salt diet asnd the use
of aiuretics with potassium supplements should be used along standard lines,

Speclal mention shbuld bé made about.the uge of digitalis glucosides, These
have sometimes been discouraged in chronic pulmonary heart diseaée because of the
reduction in cardiac output which they have ‘been sald to cause. More receﬁt obsers
vations have shown that on the other hand these drugs are definitely 1ndieated in
right ventricular failure due to chronic pulmenzry heart disease end may be admini—
stered in mtandard dosage (Ferrer & Harvey, 1959).

Apnother drug that requires comment is acetozolamide (diamox) which blocks the
ackion of carbenle anhydraze, causing an lnerease in renal output of biccarbonate with
a reduction in the alkall reserve and of pCO,. These actions may help in reducing
cedems and may improve ventilation by a mechanism which is not quite understood but
perhaps may be due to a direct stimilatory action on the respiratbry centfé}
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10.  PROPOSALS FOR RESEARCH IN CHRONIC PUTLMONARY HEART DISEASE

We cannot formulate detalled proposals for particular research projects here.

All we can do 1z to indicate broadlf the kinds of research that we consider most
necezsary to fill in the large gaps in our present undarstanding of the prevalence,
eticlogy and pathophysiology of chronie pulmonary heart disease.

10.1 Frevazlence of chroniae pulmonary heart disease

The importance of défining more ¢learly the varying prevalence .of the disease 1is,
in the words of the report on "An intensified WHO research programme", that
"contrasting experience is one of the most frultful stimuli to new thought". Major
differences in diseasze prevalence between two populations are uswally attributable to
differences in their respective exposure to envirommental agents against which
preventive measures may be taken., The first step is to observe and confirm the
differences. The next is to formulate hypotheses which may then be tested by

further observation or experiment,

If the proposals that we have made for the Ineclusion of chronic pulmonary heart
dizease in the International Classification of Diseases are adopted, we may in the

course of time be asble to obtain more ldea of the prevalence of this condition in
varions countries and verious parts of single countries hut this iz a matter for the
falrly remote future, Meanwhile we badly need more‘aceurate information about
differences in incldence which may enable us to form.iate more accurate hypotheses

about the environmental causes of the disease.

Statistiecs provided by hospital admissions are liable to gross distortion owing
to variations in selective policies governing hozpital admiszions, This has been
clearly shown in Great Britain by the spparent rarity of chronle pulmonary heart
disease in some teaching hospitals in which priqrity is given to the admission of
cases which are thought by the consultants te be more interesting than c¢hronie heart
failuyre, while these cases abound in the ‘wards of munieipal hospitals in the same
area, If, however, statistics are collected from all the hospitals serving a
defined area, useful esztimates of the relative prevalence of the different kinds of
heart disease and information about etiocloglcal factors such as smoking habits,
residence and occupation may be obﬁained. An example of thisz type of investigation.
is that published by Stuart-Harris et al. {1959).
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For such investigations it is essentlal to'have standard diagnoatie eriteria and

"a uniform system of recording and coding observations. Provision would also have to

be made for suitable equipment for the neceSﬂary minimam functional invastigationu.

Such surveys should comprise areas in wh*ch there are wide contrasta of social,
ervironmental and climatic conditions. The WHD Cardiovascular Diseases Unit might
perhaps compile a list of suitable“places-and isaué“invitations to-auitable cardio-
respiﬁatory physicians in each area asking them wahether iney would be willing and
able to orgenize such a survey. Those willing to participate might be invited to
attend a meeting at which diagnostic criterie would be agreed, At the outset of the
study and at intervals during its course, one consultant would need to visgit the
various centres to emsure that the agreed methods were being employed in a uniform
fashion. |

10.2 Prevelence of generallzed obstructive lung disease

There appears to be little doubt that generalized oﬁstruutive lung disease ls
the uommonest cause of chronic pulmonary ‘heart disease. The incidence of the one
may well be closely related to the inecidence and severity of the other, but  there
may also be important regional differences in ‘the propertion of cases of the one that
are complicated by the other. Blucidation of this relationship would be of great
interest in relation to pathogenesis. Fopulation surveys designed to determine the
incidencé of generalized obstructive lung disease are therefore needed,  Ideally,
such surveys should be carried out on random samples of complete communitiles
geographically defined, and preferably in the same areas in which the hospital swrveys
were to be carried out. Put general community surveys are expensive and may be
technically difficult in some areas where census data are scanty or inaccurate., An
alternative possibility is to use specific ocoupational groups, common to most
gountries, such as postmen, civil servants, transport workers, workers in general
engineering factorles or school-teachers. Not only are these population groups
usually both accessible and co-operative, but their similarity in job end economic
status provides a useful degree of standardization of Important variables, It has
been found in the United Kingdom that the morbidity experience of such groups in |
various reglons clogely matches the regional death rates for the whole population.
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Simple standardized teckmiques for such surveys have already been develpped to

a considerable extent (see section 7.4.1).

It is possible that some valuable preliminary information could be aequired if
some of those already engaged in population surveys in relation to cardiovascular
diseazes could incorporate these simple respiratory techniques inta their surveys.
This has already been done in some instances.

Prevalence surveys of the Kind WE.haVE been discussing Qunﬂﬂ:provide u;eful
evidence sbout the eticlogical impertance of smoking habits, :chupétional influences
are more Aifficult to elucidate and require studies of large, stable communities in '
which a significant proportibn of the population have worked for long pefiods in the
ocoupation (e.g. mining) whnsg effect on the incidénce of respiratufy.disease is to
be investigated. | |

Information about the effect of air pollution would require cqntemporaneous
surveys of the severity, nature and duration of air pollution to which members of the
population under survey had been exposed, Standardization of methods would also be
needed here, as has been pointed out by Wilkins (1959). A general indication of the
effects of pollution could, howevef, be obtained by comparisons of prevalence in

heavily polluted towns and in nelghbouring rural aféas;

10.3 Prospechive surveys of generalized obstrugtlve lung disecase

Prevalence surveys cannot provide more than indirect evidence on the pathogenetiec
inter-relations of the main components of "chronic non-specific broncho-pulmonsry
disease™ - ecough, expectoration, resplratory infections and generalized ohstructive
lung diseases, To investigate thils problem, prospective surveys arelrequired in
stable populgtion groups, subject to periodie medical examination, or which have good
sickness absence records. The actual time relationships of the onset of these
variables could be observed and information éained about their respectlve prognostic
significances. These are important ﬁrobiemé. Patients disabled by generalized
obstructive lung disease often date their dyspnéea from an acute illness and it may
be that an acute pneumonisz or bronchitis may abruptly cause lrreversible changes
that seriocusly impair ventilatory capacity. 'Butlaevere iﬁpairment mey be found in
subjects with no subjleetive complaiﬁt of dyspnoea, and it may be that the acute
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1llness was actually a relatively unimportant episode in a‘gredual‘proceee‘of
deterioration. Only prospective studies can provide answers to problems such as
this,

10.4 Training of epidemiolegiets

We would like to draw attention to the training course for epidemielogiste in
cardiovascular diaeeeee ‘proposed by the Sclentific Group on a Reeeareh Programme in
Cardiovascular Dieeaees (document MHO/PA/QS 60) Training in respiratory epidemio~
logical techniquee eheuld be included in these courses. We would also like t6 add &
recommendation that elinieel and 1aboratory 1nvestigatore should be encowraged to '
develop a greater interest in the prenelinical stages of diseaee in the general
population and to help in the development of eimple asourate diagneetia ‘techniques
suitable for epidemiﬁlogical studles, o

10.5 Phyeiopethologieal research

It is abundantly elear from our summary of meehanisme in the development of
chronfe pulmonary heart disease (section 4) that there is uneertainty about almost
all the functionzl mechanisms and especlally about their precise me&ueheperandi and
inter-relationships, Further clarification of these preblems 1s essential fer the‘
better guidance of preventien and treatment of the eireulatory complications ef lung

diseases.  Among the various speeifie problems, the one whieh meet urgently needa
elarification is the relative importance of hypoxla and hypercapnia in raieinsm‘
pulmonary vascular reeietaﬁee and the physico-chemical mechanizme by whieﬁ-theae
abnormalities preauee9the1r effects. .

 One of the reasons for uncertainty is the eonfliet of evidence concerning almost
every hypothesis, This appeare to be largely due to variations in technieal
procedures from one laberatory to anether and the lack, in almost all 1nveetigntinns,.‘"
of eimultaneoue control of changes in all the: eemplicated inter-velated parametera
that are involved - output and work of the heart vasoular resistance, ‘pressure in
the two heart ehembere, within the veeeels and within the intra-thoracle air epaueu
and the position and degree of repose or exertion of the patient There is still
considerable uncertainty about the pormal 1imits by sex and age for many of the
varfables, - B ' R




10.6 Training of laboratory investigators

It is difficult to make sny definite recommendgtidns whereby these difficulties,

which are inherent in the very nature of the problem, may be overcome, But young
investigapors‘Whglhave the ability to work in this field should be given full
opportﬁnities to 1eafp all the n&cessaﬁy ﬁechniquES‘#'both pulmonary, cerdiological
and pharmacological. Tt is particularly important that competent young cardiologists
should réeeive traiﬁing in pulmbnary'functidn techniques and that expert respiratory
physiologists should be trained in the techniques of haemodynamios so that widely
competent teams capable of appreelating cardic-respiratery relationships may be
built wup. (An example of the present divorce between cardiological and respiratory
investigators was observed by one of us in a famous American hospital where, within
an interval of five minutes, a sardiologist sald that he seldom-sawwcases of
pdmonary heart disecase and a respiratory physiologist said that such cases were
frequently seen.)

We strongly support the recommendation in the Report of the Seientific Group on
2 Research Programme in Cardiovascular Diseases that WHO, in conjunction with other
agencies and with a minimm cost to itz own funds, might initiate ﬁmall internastional
meetings of expert investigators (an absolute limit of 20 participants is suggested)
in order to discuss specific problems in cardio-respiratory dizeases, - At such
meetings, in addition to the cross fertilization af-idgas that would result,
recommendations concerning the detailed technique of éstablished experimental
procedures might he drawn up.

10.7 Clinico-pathological research

It will be noted in our report that in both the cardiological and pulmonary.
aspects of diagnosis, there is uncertainty about the relation of.clinical and
funetional abnormalities to the associated anatomical changes, More effort showld
be devoted both towards the establishment of the clinical gnd functicnal glagnostic
eriteria and of the clinical and.fugctionallsignificange of anatomlcal observations.

From the cardiclogical point of view, one of the most important needs is to

establish the relative significance of the various celectrocardiographic oriteria by
correlating their presence with haemodynamic and patholeglcal studies in larger series
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than those already studied. This might permit tﬁe'aﬁpliéatibh of statistical =
methods to determine their relative discriminatory value. o

We have alyready auggestad (section 7.2. 1) that establishment of standard
illustrations of emphysema in 1ts vericus forms and degrees of severity might hﬂlp in
the standardization of diagnostic criteria in pulmonary patholngy.‘ There may be
other fields, e.g. in relation to vascular changes, in Which similar standarda might )
be helpful,

Some attempt should be made to earry out pulmonary. function studies on subjecis
without respiratory or cardiac discase but who are suffering from some unconnected.
disease that may lead them inte the pathologists' hands before too long a time has
elapsed (e.g. carcinoma of the stomach, or leukaemia). In this way it might be
possible to discover how ¢lose, for instance, is the association between sputum
volume and the hyperplasia of muecus glands in chronie bronohitis, or how froquently
the pathological changes of emphysema occur in the absence of functional disorder
during life.

In the field of pulmonary pathology it is particularly important that patho~-
logists should receive seme training in the technique and significance of pulmonary
function tests and that pulmonary physiologists should devote more effort to
enguring that proper pafhalcgical gtudies are carried out in cases who have been
studied by pulmonary function techniques. - Such studies ghotld not be confined to
advanced cases, Tor we need information about how early in the disease lrreversible
pathological changes cecur in the pulmonary arterioles.

10,8 Therspeutio roscarch

There are two aspeets of therapeutics in which continued research appears to us

to be most important:

{a) The ¢orrect use of antibiotias in the control of bronchial infection, There
are mﬂny varisbles here that are difficult to eontral. " On the one hand there is
variation in the infective etiology and severity of the infections and on the other
nand there are endless possible combinatlons of existing antibioties administered in
various doses and regimes and new antibiotics are continually appearing which are







