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The tenm "emphysema" was ,ceined by 
Theephile Laennec in 1819 to des'cribe what we 
teday call "Surgkal Emphysema". Surg,ical or 
Inter,lobular Emphysema occur when the pressure 
gradient between the alveelar lumen and the 
surrounding ,interstitium is e~ceeded. The teler­
able limit t.o the steepness Qif the pressure gra­
dient is 2030cm. 'Of water in neenates (1) and 
over 150cm. in adults. Hi,ghintra alve'olar pres­
sures are generated by (a) the use ef vielent 
artificial respiratien in the resuscitation ef neen­
ates er 0'f 'intermittent pesitive pressure respi­
ratien (e.g. fellewing electmcuti,en or drewning) 
(1 a) (ib) severe asthma, childlbi rth and stren­
uous exercise (,c) vielent ceughing (e.g. in 
wheeping ceugh), explesiens er sudden decom­
pressien (e.g. in aircraft accidents and submarine 
escape training) (2) (d) 'traumatic rupture ef 
alveelar walls when the lung is punctured by 
fractured riibs, a needle e)Cplor'ing the ohest er 
penetrating ebjects (3). This type ef "emphy­
sema" imp'lies air suction into. the tissue planes 
(e.g. 'leakages from sutures in a bronchus or 
from a drain-tube) er a distensien 0'f interlo'bular 
septa and perivascular shea'ts. Since 1819, the 
term "emphysema" has been corrupted to such 
an extent that it new relates to. changes inside 
the lobule Laennec's Surgical Emphysema is net 
included ,in eur definition. 

In 1958 the Ciba Guest Sympesium defined 
"emphysema" as "a c enditien 0'f the lung 
oharacterized by an increase beyend the nonmal 
in the size ef air spaces dista'l to. the terminal 
bronchiele either frem dilataHen er f,~em destruc­
tien ef their walls". Since then the Werld Health 
Organiza;tion (1961) have ex'Oluded 'dillatati'On' 
from their de,finitien and 'in 1962 the American 
Theracic Sooiety went even further by de,finling 
"over-inflation" as "an increase beyend the ncr­
mal in the size o,f air spaces distal to the ter­
minal non-respiratery brenchiele witheut destruc­
tive changes in the alveelar walls" thus separat­
ing emphysema frem inflatien. 

The main difficulty in adepting these newer 
definitiens iiesin the distinction between pulmo­
nary 0'ver-inflation and emphysema, e.'g. persis­
tent di'latien of an area ef lung which is intliin­
sically weak will lead to severe emphysematous 
destructien. One cannet say fer sure at what 
point the mHdest ameunt efdestruction can be 
re'cegnized e.g.lesiens may be basically disten­
sive when they are aotually the result of very 
fine destruction whi'ch weakens the walls ef air 
spaces se that they distend abnormally with 
normal pressures. Fm this reason, the general 
consensus ef opinion is that we sheuld include 
'ever~inflation' as a Mild er Grade Itype of emphy­
sema. Indeed, th,ough 'over-inflation' is primari.fy 

reversible, prolenged dilatatien may lead to. irre­
versible destruct,i'On. For the purpose of this paper 
I have adepted the 1958 Gi1ba definitien of emphy­
sema because theugh mere recent definitions are 
mere pr.ecise they have the shertcoming of being 
'impracti cable. 

The classificatien ef emphysema is based 
on the struotural changes in the Secendary Lebule 
ef Miller. The lebule, which is 1-2cm. ,in diameter, 
is the fundamental anatemical lung unit. It is 
roughly pyramidal and demarcated by a thin, 
fibrous mem!brane more highly develeped in the 
upper 'lung fields. At the centre of the lobule are 
5-10 terminal bronchioles, 1mm. in diameter, with 
ne cartilage er submucesal glands and no air 
sacs or alveoli. The terminal nen-respiratery 
brenchiioles div,ideinte 3 'Orders of~espiratery 
Ibronchiole. The 3rd. erder respiratery brenchioles 
epen 'into. alveelar ducts whese wa'lls are virtually 
nen-existent 'except fer seme smeeth muscle 
strands. The wal'l of the alve'Olar duot is cevered 
with eutpeuching alveoli which are in centiguity 
with the pulmenary capillaries so that they ferm 
a gas-exchanging unlit. The alveeli are'situated 
peripherally +n the ,Iebule. The alveolar duct 
musculature censtr,icts in respense to. a depres­
sienin airway p002 se that inspired air is deflec­
ted frem peerly pel1fused a'lveeH to. lung areas 
with a mere adequate bloed flew. The respiratery 
bronchioles are situa'ted at the centre of the 
lebule whlile the alveolar ducts and sacs are 
aranged in the peripheral zene. 

On the basis ef the arrangement of structures 
within the lebule pulmenary emphysema can be 
classified into.: 

PARTIAL lOBUlAR 
GENllRHJOBULAlR (including fecal dust 
emphysema) 
IPARASlBPTAL 

PAN LOBULAR 
IHRr5GULAIR (related to. scars). 
IPanlebular and Centrilebular emphysema can 

be divided .further into (a) Mild, when there is 
nll,ln'lnn~nl r\\for'_infl~tinn (!:Inrl n .... nlh!:l,hl" tho. o<:tr'I\I 
1""'"",1'1.1...., •• 11"..\11 ...,_...., •••••• \,.40 .. ,...., •• \ ........ 1""', ,.., • ...,-11"..\-'1' C.IIV .............. , 

stages ef destruction). (b) Severe (4), when 
there is a resognisable pathelogical change in 
the structure of air spaces distaJl to. the termina'l 
bronchiole. 

,In Panlebular emphysema the entire lebule 
is affected whereas in Partia,l Lebular emphysema 
changes arelecalized e'ither to the centre of the 
lobule (Centrilebular emphysema) er to emphy­
semateus near scars (Irregular emphysema). 

Bullae are dHatatiens 'ef air spaces ever lcm. 
diameter associated with very severe pan lobular 
emphysema (5). 
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Blebs are collections of air or gas in the 
sub~pleural connection tissue of the lung result­
ing from rupture ef the pulmonary alveoli imme­
diately beneath the pleura (6). 

Severiity of the emphysematous process is 
class'ified as follews: 

R,EID W.H.O. 

Normal Normal 

Grade I Mild 

11 Mederate 

III Severe 

IV 
" 

Air spaces are so 
sma'll that they cannot 
be disNnguished clear­
ly without magnifica­
tion. 
There is no retraction. 
Air spaces are abnor­
ma1llylarge,up to 1mm. 
diameter. Retraction is 
slight. 

Air spaces are a IHtle 
bigger than 1mm. but 
arch'ite'cture is stHI in­
tact. Retraction isstrik­
ing. 

Air spaces are up to 
5mm. diameter. Re­
traction ,is such that 
blood vessels and 
bronchi are e'levated 
above the sul1face. 

Air spaces are 'holes' 
larger than Smm. dia­
meter which may be 
confluent and extend 
through the whole 
thickness of a 1cm. 
'lung slice. 

.Emphysema is more common in men than 
in wemen and the Centri'lobular form is 20 t,imes 
more common than the Panlobul,ar type (7). 
Emphysema causes disability or death in a1bout 
3% ef all patients at post-mortem (8). 

Pathogenesis 

The internal surface of an emphysematous 
lung is reduced al~hough the tota'l volume may 
be unchanged, increased or reduced. Since 
inspiiration is a more p owe rfUlI force than e~pira­
t,ion, in emphysema air~trapp'ing (9) occurs from 
obstruction to the emptying of intra-alveolar alir. 
Insp'iration is accompanied by dillation and short­
ening o~ the iarge and smaii air passages as far 
dista:11ly as the bronchlioles and alveolar ducts. 
Emp1tying o,f the lung is brought about by the 
elastic recoi,1 of al,veolar wa'lls and the contrac­
tion oJ muscle fiibres in th,e alveolar ducts, the sur­
face tension having., been reduced by alveo,I'ar 
surfactant (10). If smaN bronch'i are obstructed 
air reaches the lung tissue distal to the obstruc­
,tion through pores o,f Kohn from adjacent per­
tions of lung whose air supply is un impeded (11). 
Young ch:i1ldren possess a Ifew, ill-developed 
pores of Kohn but with increasing age the pores 
become larger and more numerous and coUa­
teral ventilation assumes a greater importance. 
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The current hypotheses of the pathogenesis 
of emphysema are: 
L Ohronic bronchiolitis causes temporary or 

permanent ot)lliteration and destruction of 
respiratory bronchiioles so that air passes by 
'collatera'l ventilation into air passages distal 
to the obstruction and, as a consequence o,f 
prolonged 'air trapping' in the aoinus, air 
passages beyond the mucous or mucopus 
obstruction are disrupted producing an 'air 
pool'. The pressure distal to a bronchial 
o:bstrucNon in the collatera1lly ventilated lung 
is raise,d during expiration especiaJ.ly in 
forced expiratory efforts, e.g. coughing, 
which may be sufficient either to drive out the 
obstructing mucous plug or, i,f bronch:io'lar 
ebstruction is permanent, to disrupt the walls 
of the 'pool' andestaibHsh a free airway with 
neighbouring aoini producing a 'common 
pool' (12). Chronic inflamma~o'ry damage to 
respiratory bronchiole walls leads ,to weaken­
ing of the second and third order respiratory 
bronchioles which subsequently dilate and 
Ibreak down so that the emphysema is prima­
rily centrillobular (or sometimes, panloibular) 
in type (13). Centi'guous alveolar tissue is 
also invelved in the inflammatory process 

it Acute attacks of bronchiolitis cause: 
a. narowing of the termina'l and respiratory 

bronchioles wh'ich impedes normal 
expiration, 

b. collapse of air pasages due to a loss of 
the extra~mural at,tachments supperting 
alveolar wal,ls (15), 

c. extensive atrophy of the walls ef medium­
sized bronchi due to a Iloss of bronchial 
eartH age and muscle and peribronchial 
conective tissue. 

Damage to lung parenchyma occurs. If, fer 
example, the peribronohia'l connective tissue is 
lost the bronchioles will coHapsein expiration 
(16) . 
iii. ,Ischaemic changes in the bronchi and per,i­

pheml parts of the lung, e.g. alveolar walls, 
,can occur beoause of: 

a. occlusion of bronohial arteries (17), 
b. 'ischaemic obliteration of alveolar capil­

'Iaries, 
c. bronchopUilmonar,y anastomoses which 

,develop when 'ischaemia occurs and 
which can lead to secondary haemody­
namic changes in the pulmonary circu­
lation and produce a decrease in the 
Iblood supply to the lung parenchyma 
(8) . 

iv. Perilbronchial coal~dust deposits weaken the 
muscle fiibresin the wal1ls Oof respiratory bron­
chioles and destroy the peribronchiolar alve­
oiL 

v. Traction exerted by respiratory movements 
causes damage to the distal respiratory bron­
chioles (19). Actua!lly, traction by itself will 
only cause over-inflation but if it ,is associa­
ted with, say, bronchiolitis the change can 
Ibecome ir:reversitble. 



Emphysema is the result o~ an inteliplay be­
tween mechanicail forces, destructive inflammatory 
changes, degenerative changes with advancing 
age, ischaemic atropho/, a variety of dusts and 
fumes (including cigarette smoking) and, pos­
si'bly, genetic faotors. 
PANILOBULAR ,EMPHYSEMA 

"A lobular emphysema which involves all air 
spaces beyond the terminal bronch'iole more or 
less evenly". 

It is a common form of emphysema and is of 
the destruotive type in 78% of cases (20). It may 
occur in any part of the Ilung, but there is a 
tendency for it to occur more frequently anterior­
Iy, Le. in the lingula, middle l'Dibe and anterior 
basa'l segment of the ,lower lobe (21). The normal 
alveolar diameter of 0.1 mm. increases with age 
to 0.2mm. at 30 years but remains the same in 
later years. The average diameter of respiratory 
bronchioles and alveolar ducts increases from 
0.2mm. at 20 years to a max'imum of 0.7mm. 

lln mild panlobu1lar emphysema the spaces 
are abnormally large holes olf 1.0mm. or more in 
diameter scattered throughout the lobule. T<he 
respiratory bronchioles and alveo,lar ducts en­
<large by stretohing, and the cup-shaped alveoli 
become shallower ('Le. saucer-shaped). In mode­
rate panlolbular emphysema there is parHa~ des­
truction 'Or atrophy o,f fine respirat'ory tissue and 
the number of intactt alveolar walls is reduced. 
The small (5-10 micron diameter) pores o~ Kohn 
become ,large, perforated, cribriform fenestrae 
(22). In several pan lobular emphysema there is 
complete destruction of respiratory tissue. Since 
pu1lmonary arteries and arteioles are .more resis­
tant than other structures, some branches of the 
pulmonary arteriall tree wiH remain patent (23). 

Environmental and racial factors must be 
taken into cons'ideration in reviewing the region­
al distrilbution of panlobular emphysema. It is 
more common in the tropiCS than in temperate 
climates and more severe in the U.K than in 
other countries espeoiaMy S. America and Africa. 
Though age may not be impolitant in aeHology 
the lesions increase in severity through the years 
possibly because there is mOie time for harmful 
agents to act on the lung (24). Mild panlobular 
emphysema in old people is as common in men 
as it is in women butt when it is coexistent with 
centrHobullar emphysema it may be associate,d 
with Cigarette smoking and chonric bronchHis and 
is therefore more common in males. 
Aetiology: 
i. Congenital: 

a. Congenital de!fects in a bronchus lea,d 
to air-trapping during expiration and con­
sequent overdistension in the zone sup­
plied by that bronchus (25). 

b. Gongenitia'lly maldeveloped alveolar 
walls may under'go premature degene­
ration or may faH to develop properl" 
(26) . 

c. Famiil,ial emphysema may be associated 
with 

i. homozygous autosomal recessive 
serum 2, - antitrYPsin defici'ency 
(27), . 

ii. ? familial mucoviscidosis. Fibrd-

cystic disease may be sign'ificant,in 
the pr,oductionof emphysema but 
usuallo/ results in Ibronchiectasis 
and diffuse interstitial fi'bros,is (28), 

d. Albnormalities of smooth muscle, elastin 
and ,coNagen associated with emphy­
sema are being 'investigated. 

ii. Experimental'ly, emphysema can be simulated 
by producing an acute ,bronchiolo-alveoHtis 
(using nitric aoid or papain) but raredy oc­
curred fo'l,owing Ibronchiolar scarring. from 
acute bronchiol'itis or Hbrogeni·c dust foci 
(using silica, asbestos and road dust) and 
was never assooiated with non~fibrogenic 
dust foci (produced by using penpex, fibre­
glass, wood or cal1bon dust) (29). 

iiL Inhaled chemical substances, e.g. cadium 
fumes in anticorrosion coatings (30). 

'iv. Distensive ,forces (e.g. severe astha and blow­
ing wind instruments) combined with chronic 
inflammation (31). 

v. Ischaemia due to pulmonary and bronchial 
artery obstrucHon (32). 

CENTRILOBULAR iEMPHiYSEMA 
"Emphysema olf the centre of the lobule from 

involvement of respiratory bronchioles". 
It can Ibe (a) mild, when the air spaces ap­

pear enlarged but there is 
little destruction of the allve~ 
olar wall, 

or (Ib) severe, when the pulmonary 
vessel remnants are all that 
is ,left t,o indicate alveolar waN 
destruction. 

'Gough prefers to reserve the term 'centri,lo­
Ibular emphysema' for a condition associated with 
histological evidence of bronchiolitis (32a). Mild 
centrilobular emphysema is common especiaH~ in 
people exposed to coal~dust-, haematite-, graph­
ite-, laden atmospheres. In these cases, however, 
there is no evidence of bronchiolitis and some 
prefer to call it 'dust reticulation' and include it 
with the pneumoconioses. Pneumoconiosis is a 
comprehensive term covering a group of dust­
diseases deifineq in the N.!. (Industria,1 Injuries) 
Act oif U.K. as 'filbrosis olf the lungs ,due to sHica 
dust, asbestos dust or other dust and indludes 
the condition known as dust reticulation'. The 
lesions in this mild type of emphysema are darklY 
pigmented clusters olf dilated respiratory bron­
chioles surrounded by dust cells (33) whi'ch may 
become inconporated within the wall and entomb­
ed by the allveolar lining cells (34). Though cen­
trillobular emphysema does occur in some coal 
'v'V"orkers, destructive centriilolbu!ar e'm!physema is 
not characteristic of coal-dust exposure. In severe 
destructive centrilobular emphysema the lesions 
are more than 1mm. diameter and remnants of 
,the arteries and arterioles cross the emphysema~ 
tous spaces. Small, rounded, calci·fied nodules (? 
healed tuberculous lesions) are sometimes found 
attached to these strands especially at the apex of 
the 'lung. Lesions are usuall~ large at the apex 
and smalil at the base. This is attributed to either 
the differences in pressure, or poor circulation in 
the upper loibe (35 & 36). The emphysematous 
spaces are modified proximal respiratory bron­
chioles' and terminal non-respiratory bronchioles. 
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Aetiology: 
Common all over the world possibly due to a 

universally distributed agent, e.g. cigarette smoke 
or a virus. It is more common in males and only 
rarely ocours -in non~smokers. 
i. Coa,l-dust, graphite and haema'tite cause dis­

tensive 'focal' emphysema but together they 
account for a very small percentage of cases 
and there is never an associated bronchio-
1itis. The dust is carried to the lobule centre 
where it accumulates and wea,kens the res­
pirator bronchiole walls. The dilation is 
maintained by: 

a. traction of pulmonary elastic tissues on 
the airways (37), 

b. inspiratory !force required to expand 
pigment-laden macro phages (38). 

c. shrinkage of masses of pigment-laden 
macrophages (38). 

ii. Irr,itant gases a1bsoJibed by carbon particles 
may cause mild emphysema. 

iii. Disruption of bronchiolar olearance meoha­
nisms at the lobule centre (39) by: 

a. inflammation due to H. influenzae, Str. 
pneumoniae and viral infections. 

b. -chemical 'inflammation especially cigar­
ette smoke, smoking habits and centri­
lobular emphysema Ibeing closely re­
lated. 

iv. Mechanical overinflation assooiated with 
other causes will produce permanent destruc­
tion of airways and is responsible for the 
baHoon-like appearance of the lesions and 
the relationship between the size and verti­
cal position of the punohed-out spaces at 
the centre of the lobulle. 

v. Gaseous irritants commonly encountered in 
lindustrial regions, e.g. sulphur dioxide, 
ozone, oxides of nitrogen, phosgene, nitric 
acid and papain, damage the lobule centres 
possibly due to the pneumonia finding a 
'locus minoris res,istentiae'). Cigarette smoke, 
ozone, aluminium oxide particles and sulphur 
dioxide reduce the surface tension of elastic 
recoil permitting over-inflation and tissue 
disruption. 

PARASEPTAL IEMPHYSEMA 
"Emphysema adjacent to the septa from 

involvement of the alvealar ducts and alveolar 
sacs". 

The ,lesions are often pigmented and rem­
nants of the pulmonary venules pass out radially 
towards the septa. There are no intact alveolar 
ducts or sacs and spaces communicate with 
small air pasages at the lobule centre. 

Aetiology: 
Not certain, but probably due to a combina­

tion OIf injurious agents, mechanical factors (e.g. 
spontaneous pneumothorax, 

diaphragm's forceful action or the respiratory 
expanding force trying to overcome airways 
obstruction and, in the process, pulrling 
degener,ate lung parenchyma from its frame­
work (4), 
and inflammation. 

tRREGULAR EMPHYSEMA 
"Irregular emphysematous involvement of the 
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acinus adjacent to scars". It is also known as 
scar or paracicatricial emphysema. 

Aetiology: 

This type of emphysema is seen in relation 
to scarring, e.g. old, healed tuberculous lesions. 
The bullae can rupture (espeCially in the young) 
producing spontaneous pneumothorax. 

"Since the days of Laennec and SaiJ.Iie 
work on emphysema has come a long way. 
Today, we have solved most of the problems 
regarding its nature but we are left with a 
mass of conflicting ev,idence from which we 
have to sort out the important from the irre­
levant." 
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