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MEDICAL GRAND ROUNDS 

Chronic Obs tructive Pulmonary Disease 

J anuary 12, 1967 

I. De f i nition 
A . As thma 
B . Br onc hit is 
C. Emphysema 

II . Et iology and Pat hogenesis 
A. Physica l or c hemical i rr itation 

1 . Inhal at ion of tobacco smoke 
2 . Air pollu t ion local or general 

a . Molds and other organic particulate matter 
b . Ga ses and vapors 
c . Inorganic particulate matter 

3 . As pirat ion - gas troesophageal reflux 
B . I n fec t ion 

1 . Viral 
2 . Bac t e r ial 

C . Occlusiv e vas cu lar disea se 
D. Climatic f ac t or s 
E . Host f a c t o r s 

1 . Aller gy 
2 . Genetic d isorder s 

a . Cy s tic fibrosis 
b . Ma r fan's 
c . Gamma globulin deficiency 
d . Alpha - 1-ant it r ypsin deficiency 

III . Pa thologi cal Charac teristics 
A . Asthma 

1 . Bronchospasm 
2 . Edema 
3. Bronchial hypersecretion 
4 . Cellula r infiltration 
5 . Des quamat ion 

B . Br onchi t is 
1 . B:tonchorrhea 
2. Mucous gland hyperplasia 
3 . Desquama t ion 
4 . Metaplasia 
5 . Necros i s 

C. Emphysema 
1 . Panlobula r 

a . Alveola r wall fenestration and separation 
b . Capillary thrombosis and obliteration 
c . Confluence of §paces 
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2. Centr ilobula r 
a, Br onchio litis 
b . Nec r os i s 
c . Di l itation of r espiratory bronchioles 

3. 
d . Di s rupt ion of alveolar walls 
Other types 

IV. Radiological Character istics - Bronchitis and Emphysema 
A. Only advanced disease is diagnosable on routine X ray 

1. Overdistension 
2 . Cystic spa c e for mation 
3. Fla tt e ned diaphragm , diminished motion and thinning 

of cardiac silhouette 
4. Inc reased anterior clear space 
5. Dimi n ished vascular marking especially mid and periph­

eral lung fields 
6. Enlargement of hilar vessels and RH enlargement 

B . Bronchogra m 
1 . Cystic bronchial wall change 
2 . Dis t ortion of bronchi 
3 . Dilitation of peripheral air spaces 

C. Ang iogram 
1 . Absence of capillaries 
2 . Formation of cystic avascular spaces 
3. Abrupt \·~''": .r ing of big vessels 

V. Physiologic al Disturbances 
A. Ventilatory defect - obstructive 

- B . Increase in functional residual capacity, residual volume 
and total lung capacity 

C. Uneven distribution ventilation/blood flow relationships -
gas exchange abnormalities 
1 . Hypoxia - early - improves with exercise 

- late - worsens with exercise 
2 . Hypercapnia - respiratory acidosis decompensated -

compensated 
D. Metabolic disturbances E . Diminished CO transfer coeffi-

' 1 . Lac tic acidosis cient (DL) in relation to destruc-
2 . Hypochloremic alkalosis tive lung disease 

VI. Treatmen t 
A . Acute failure 
B. Chronic ca re 
C . Rehabilita t ion 
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Case Histories 

1.  . -A 54 year old , his chief complaint was 
progressiv e exertional dyspnea and who has smoked one to two pack­
ages of cigarettes a day for 35 years. He gave no history of cough 
or frequent respira t ory infections prior to  of 1966, when he 
developed a severe respiratory infection accompanied by cough and 
sputum produc t ion which persisted with some improvement after he 
quit smoking in  of 1966. He had a 35 pound weight loss in 
the las t six months. There was no history of allergy and no mem­
bers of the family were kn own to have lung disease. The physical 
examination r evealed evidence of recent weight loss. There was 
a mild increase in AP diameter of the chest. Chest wall motion 
was somewhat limited. The lungs were markedly hyperresonant to 
percussion. Breath sounds were diminished and there was a sus­
t ain ed wheeze on forced expiration . There was no clubbing or 
cyanosis. Laborato r y studies revealed a hemoglobin of 16.5 gm 
wi t h a hemat ocri t of 50%. Sputum smears revealed a great deal 
of acut e a nd chron ic inflammatory debris with some cellular 
atypism a nd evidence of squamous metaplasia. Chest X rays re­
vealed some evidence of slight overdistension and some increase 
in lung markings . ECG revealed evidence of pulmonary hyperten­
sion with clockwise rotation, "P pulmonale" in leads II, III and 
AVF and low voltage. After a period of treatment the electro­
cardiogram was within normal limits. Pulmonary function studies 
are shown in Table 1. Pulmonary angiogram done by pulmonary 
artery injec t ion revealed rapid lung transit with a profound 
diminution i n the pulmonary capillary bed, the most normal area 
being t he upper lobes. Pulmonary artery mean pressure was about 
20 mm Hg. 

Treatment consisted of intensive bronchial hygiene with nebu­
lization procedures including bronchodilator agents; steroids, 
breathing ~raining and physical rehabilitation. The pati~nt 
showed a marked symptomatic improvement wi:th only minimal change 
in vent,ilator y function and he was discharged to continue _on this 
program with the hope of ultimate withdrawal of steroid therapy. 

This is an example of moderate to moderately severe diffuse 
emphysema probably predominantly of the panlobular type and with 
an inde t erminant but probably small degree of bronchiolitis. 
The long range response to therapy will do much to clarify the 
degree to which t he functional derangement is due to peripheral 
airway obstruction of a reversible type. 

2.  . -A 47 year old   worker who has smoked one 
or more packages of cigaret t es per day for about 30 years. He 
quit one year ago . He has had marked nasal congestion, postnasal 
drip, cough and frequent upper respiratory infections for ten to 
fifteen years, with increa~ing in frequency and severity. Two 
years ago exertional dyspnea with wheezing appeared and became 
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pro~ressively wor se . Pas t medical history and family history wf re 
not par t icular ly per tinent. The physical examination revealed a 
moderately obese slightly plet horic individual . The AP diameter 
of the ches t is increased bu t ther e is no fixation of the thoracic 
cage a nd diaphragmatic mo t ion was good . Expiration was slowed and 
there was a mid-expi r a t ion wheeze wi t h scattered inspiratory coarse 
rales and r honchi as well as scattered areas of diminished breath 
sounds . Ches t X ray· r evealed some evidence of increased trans­
radiancy and t here was some increase in major bronchovascular 
marki ngs. The pulmonary angiogram reveals evidence of diffuse 
cen t r a l lobular emphysema wi t h scattered areas of normal appear­
ing lung patt e rn . The electrocardiogram showed evidence of pulmo­
nar y hype rtension with clockwise rotation P pulmonale in II, III 
and AVF and diminished voltage . After a period of treatment the 
electr ocardiogram was within normal limits . 

The treatment consisted of intensive nebulization therapy 
wi t h a t ransien t incr ease in steroid therapy, we ight reduction, 
breathing t r a i ning and increased physical activity. This re­
sulted in a marked sympt omatic and functional improvement with 
large volumes of sputum production. Pulmonary function studies 
are l i sted in Table 2. 

This is an example of severe chronic bronchitis with central 
lobular emphysema . In spite of the clear-c~t evidence of a con­
siderable amoun t of degenerative lung disease this patient has 
the potential for a considerable amount of both symptomatic and 
functional improvement. The immediate objective will be to com­
pletely eradicate the patient's bronchitic symptoms by continuing 
the present -treatment program including steroids ; when achieved 
a gradual reduction to maintenance treatment will be attempted 
with no intention necessarily of ever discontinuing treatment 
entirely . 

3 .  . -A 59 year old man is a  working 
largelR wi t h wheat and other grains . He was first seen in ­

 of 1963 at the age of 59. He had smoked one to two packs of 
cigarettes per day for 35 years , and in addition for periods of 
eight to ten weeks once or twice each year he was exposed to heavy 
concen trations of grain dust and actually smoked during these 
periods . He had symptoms of mild asthmatic bronchitis for over 
fifteen years and was first aware of exertional dyspnea while 
hunting a t high altitude in 1950 . In 1959, he began to have fre­
quent respirato~y infections with cough, mucopurulent sputum, and 
increased dyspnea . In 1962, when hospitalized for a hernia repair 
at  he was told he had pulmonary emphysema 
and although he was advised to quit smoking he continued to smoke 
until 1963 when he was first seen . The only other thing in his 
history of note ~as the fact that for many years he has had diffi­
culty sleeping on his left side because of nocturnal respiratory 
distress . 
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Physica l examination revealed normal vital signs and other­
wise revealed evidence of classic manifestations of chr onic obstruc­
tive pulmonar y disease wi t h bullous change in the right lung . There 
was genera l overd is tension of the chest especially on the right 
with diffuse inspiratory and expiratory wheezing with crackling 
rales and rhonchi . His cough was productive of moderate amounts 
of mucopur ulent sputum. Breath sounds were good in the left chest 
but moderately diminished on the right. There is generalized in­
c rease i n transrad iancy of the right chest especially in the left 
upper lateral chest where a bullous lesion 15 by 7 em was seen. 
There is also evidence of bullous change in the right lower chest. 
Bronchovascular markings show. minimal displacement. 

An i ntensive program of bronchial hygiene consisting of four 
or mor e per iods of treatment each day with nebulized bronchodilator 
followed by a 45 minute period of inhalation of a warm mist saline 
propy lene glyco l solution was instituted and the patient was advised 
to abstain totally from smoking which he did. Except for one or 
two mild shor t term upper r espiratory infections the patient did 
very well, was completely free of c ough and sputum production ex­
cept during respiratory infections. Late in 1965 , he had a severe 
upper respiratory infection and his exertional dyspnea increased 
at that time and slowly worsened up until he was seen in August 
of 1966, at whic h time there was clear-cut evidence of marked en­
largement of the bulc ous area in the right lung and there was 
major functional deterioration. The pulmonary angiogram revealed 
an a~r containing space occupying virtually the entire right chest 
with c ompression of the vasculature to the right upper and right 
lower lung areas compressed into the mediastinum . Although the 
left l ung revealed some evidence of degenerative change t he vas­
culature looked quite good considering the magnitude of this 
patient's problem. On this basis plu's the hope that the func t ion­
ing lung could be r ecov ered on the right surgery was undertaken 
t o remove the bullous lesion. 

The postoperative period was quite stormy . The patient had 
a major air leak , a severe staphylococcal empyema which fortu­
nately was due to a very sensitive organism. The patient improved 
stead i ly and rapidly a fter the lOth day, postoperatively. He is 
now both symptomatically and functionally better than he has been 
in ten years or more. Postoperative diffusion studies have not 
ye t been performed because the patient was still rapidly improving 
when last seen in October. 

4 ,   -A 53 year old  currently  therapist 
who gave a history of having had a considerable amount of gastro­
intestinal difficulty since 1929 when he was found to have a peptic 
ulcer. In the late:<l940' s he started having occasional episodes 
of nocturna l coughing which he associated with eating heavy meals 
late in the evening because he often recognized bits of food in 
the material he coughed up . He also started having some difficulty 
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wi t h r ecurrent sinus i nfections for which a tonsillectomy and two 
r a d i c a l a n t r um oper at i ons were performed in 1958 . At the same time 
be noted t hat he got coughing colds with sputum production more 
f r equen t l y t ha n he used to in the past. He was found to have a 
hiatus her n ia which was t reated surgically thr ough a t horacic 
approach . He got along extremely well for several years until 
1962 , when he again began t o have coughing and choking spasms 
espec i ally whe n h e was unde r considerable emotional tens i on and 
a t night s . In 1964, he began to have a fairly frequ ent attacks 
of asthma. A r epeat X ray of the upper GI tract in 1965, revealed 
a sma ll hiatus hernia . When he had two extremely severe nocturnal 
a t tacks of a sthma wher e he was discovered by his wife to be unre­
sponsiv e and s u ffocating, both episodes necessitating hospi t aliza­
t i on f or acut e r espiratory failu r e , he was referred for evaluation 
of h i s r e s p i r a t or y problems . Physical exa mination revealed a 
v i gorous he a l t hy 53 year old man whose only abnormal physical 
findings wer e confined to the chest where diffuse musical rales 
a n d coarse rho nchi wer e heard throughout the chest on both in­
spi ra tion and expir ation . Marked clearing occurr ed following 
t he a dmi n ist r a t ion of a bronchodilator agen t with the expectora­
tion of some muco i d sec r etions . Sputum smears r evealed 90% eosin­
ophils i n the sputum and a CBC which was other wise normal revealed 
8% eos i n o ph i ls . Culture revealed a moderate growth of Klebsiella . 
EKG wa s normal. Chest X ray revealed no abnormalities except for 
a sl ight over distension and some increase in bronchovascular ma r k­
ings . Pu l mona ry f u nction studies are shown on .Table 4 . His max­
imal oxygen int ake was normal a t 2 . 6 L/min and a heart rate of 
174/~in . Repeat cineflourogr aphic examination of the upper CI 
t r act r evea l ed a large hiatus hernia with "wide open gastro­
esophagea 1 reflux . " Postpr:::.Jdia 1 gastric secretions revealed 
a moder ate to mar ked inc r ease in hydrogen ion concentration. 

This is a clear -cut example of asthmati c bronchitis largely 
due to r ecurre n t aspi r ations from gastroesophageal reflux . Since 
the p r ev i ous r epa ir had f a iled conservative management was recom­
me nded . 

......... 

He ha s gotten along quite well on a program of intensive 
br onchia l hygiene with bronchodilator and saline mist inhalation 
three to fou r times daily , intensive antac id therapy, and sleeping 
in

0
a hea d - up position with the head end of his bed elevated some 

30 . He ha s had one a t tack since that time pr ecipitated by his 
own c a rele ss ness wh ich he readily acknowledges . He recognizes 
t ha t he mus t avoid ea t ing . r apidly, must avoid eating heavy meals 
especially i n the afternoon or evening, must never neglect his 
antacid treatment a nd must avoid ad6 pting positions which tend to 
enhance reflux . 

5 .   - A 39 year old  who had been a heavy 
cigarette smoker for 17 years . For ten years prior to examina­
tion he had had recurrent - episodes of upper respiratory tract in­
fec t ion with r hinitis and sinusitis predominantly but subsequently 
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wi t h cough and s putum production . He has also had a history o f 
nasal poly ps which r esponded to steroid therapy but repeated 
aller gy i nvest i ga t ions failed t o yield anything but a skin test 
sensit ivity to house dust . He always exhibited moderate to marked 
eosinophilia i n t he per ipheral blood and invariably more than 90% 
eosinophils i n nasal and bronchial secretions . His problem had 
never followed a seasonal pattern except that it was worse during 
the fall a nd win ter months in association with respiratory infec­
tions. When fi r st seen in 1961 , he was hospitalized for a pro­
t r ac t ed e pisode of suppurative bronchitis and progressive weight 
loss a n d r espi.ra tory insufficiency . After a prot -racted and stormy 
cour se he fi nally responded to intensive bronchial hygiene therapy 
with high dose steroids and high dose bronchodilator therapy in­
cluding both aer osol bronchodilator and vi r tually con tinuous 
aminophylline e ither int ravenously or rectally. Clear ing and im­
provement was a ccompanied by the evacuation of large volumes of 
thick mucopurulent material with solid bronchial plugs . His 
func t ion studies are shown in Table 5. It was necessa ry to con­
tinue an intensive program of therapy along the lines mentioned 
above and steroid which was started at a level of 60 mgm per day 
of Prednisone, continued at levels of 40 mgm per day for nearly 
six months . Pr ednisone was gradually reduced to 20 mgm per day 
and cont inued at t his level for two years . In late 1964, it was 
possible to reduce steroid dosage to 10 mgm per da~ and subse­
quently his dose has varied in accordance with his symptoms from 
10 mgm every other day to 10 mgm a day. Initially his sputum was 
heavily infec t ed with Pseudomonas which cleared with clearing of 
his airways and improvement of his ventilatory function . All 
antibiotics were discon t inued at the time the program of intensive 
bronchial hygiene was star ted. The patient has had no major dif­
ficulty since that time and has not missed more than one or two 
days of wor k in the last five years " 

This i s a classic example of asthmatic bronchitis in a patient 
who shows e v idence of hypersensitivity but in whom no specific 
etiology can be ascertained , The possibility of fungus or mite 
hypersensitivity has not been excluded. There is no significant 
evidence of degenerative lung diseas~ but surely there is evidence 
of per sis t ent degr ee of bronchiolitis which is largely reversible 
to aerosol bronchodilator . 

6 .   -A 39 year old   driver has been a moderate to 
heavy cigarette smoker since the age of 15. He denies symptoms 
prior to 1961, at age 33, when he first noted exertional dyspnea and 
inter mittent evidence of chronic bronchitis . He was told at that 
time tha t he ha d radiological evidence of pulmonary emphysema. 
Since that time he has had a fairly rapid course of developing 
respiratory insufficiency with evidence of degenerative lung disease. 
Pulmonary function studies are shown in Table 6. This patient was 
found to have homozygotic type deficiency in alpha-1- antitrypsin, 
i.e . , his level was less 1han 10% of normal . A family study has 
been done on this and two other patients by Dr. M. Tarkoff. Twenty­
three blood relatives of this patient were available for examination, 
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and data is available on ten of these at this time , six of whom 
revealed a definite heterozygot i c type deficiency in alph-1-anti­
trypsin. 

Fifteen pat ients with clinical and functional evidence of 
degenerative lung disease occurring under the age of forty have 
been examined , and three of these patients have revealed the defect. 
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TABLE 1 

 Pred. BBD ABD 

FVC L 4.66 4.16 4.65 

FEV0 . 5 >60% 1.29 (31%) 1. 56 (34%) 

FEVl.O >75% 1.80 (43%) 2.23 (48%) 

FEF0-25 7 . 92 3 . 08 3 . 93 

FEF25-75 4.33 0.51 0.70 

FIF 6 . 06 3.37 4.13 

Pred. Obs. Pred. Obs . 

TLC 6898 8438 TLCO 31 20 

FRC 3449 5793 DM 83 37 

RV/TLC . 31 . 51 vc 78 51 

7min N2% <1.5 2 . 8 

TABLE 2 

. Pred. 8-15 9-23 

FVC 4.71 3.14 5 . 46 

FEV0 . 5 > 60% FVC 855 (27%) 2.57 (47%) 

FEVl.O > 75% FVC 1.19 (38%) 3.54 (65%) 

FEF0:.....25 8.01 1 . 41 5.67 

FEF25-75 4 . 38 0.37 L87 

FIF 6 . 12 4.97 8.55 

TLC 6 . 19 8 . 10 

FRC 3 . 10 4.28 

RV/TLC . 23 .37 

7min N2% <1.5 0.5 

DLCO 24 15 

DM 74 46 

Vc 58 35 
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TABLE 3 

1966 

· 59 yrs. 1963 1964 1965 Pre --Post Pred. 

FVC m1 2387 4144 3400 2790 3549 4110 

FEV0 . 5 590 753 760 606 1331 2670 

FEVl . O 800 1210 1080 923 1841 3300 

FEF
0

_
25

L/sec 1.18 1.40 1.36 1.07 3 . 42 6.98 

FEF25-75 0.20 0.41 0.36 0.28 0.69 3.82 

F I F 3 . 78 5 . 64 5.99 5.35 5.15 5.35 

VCET sec 20 18 13 8 2.5 <4 

TLC ml 7495 5303 

FRC 4900 3466 

RV/TLC . 66 .49 

7min N2% 6.2 4 . 0 

PaC02 42 39 56 32 

Pao2 71 82 60 84 

pH 7 . 41 7 . 43 7.37 7.46 

Forced Slow Obs. Pred. 

FVC 3.9 4.7 TLCO 10 (37%) 27 

FEV1 .0 1.1 1.4 DM 27 (37%) 73 

FEF0-25 1.3 1.6 Vc 26 (35%) 74 

FEF25-75 0.3 0.3 

' 

TABLE 4 

 Pred. BBD ABD 

FVC m1 4860 4392 (90%) 4676 (96%) 

FEV0 . 5 >60% 2063 (47%) 2458 (53%) 

FEVl.O >75% 2697 (61%) 3194 (68%) 

FEF
0

_25L/sec 8.26 6.77 (82%) 8 . 34 (101%) 

FEF25-75 4.52 _ 1.03 (23%) 1.89 (42%) 

FIF 6.32 6.13 (97%) 6 . 44 (102%) 

VCET sec < 4 . 0 5 . 5 4.3 



- 11 -

TABLE 5 

 1961  1963  1964 

Pred . ABD BBD ABD BBD ABD 

rvc 4. 85 3 . 87 5 . 3 5.3 5 . 0 5.2 

FlW0 . 5 >60% 1.01 ( 28%) 2 . 7 (51%) 2 . 8 (52%) 2. 9 (58%) 3 . 2 (62%) 

fEVl. o >7 5% 1. 48 (38%) 3 . 8 (7 2%) 3 . 9 (74%) 3 . 8 (76%) 4 . 1 (79%) 

FEFo-25% 8 . 3 1.7 ( 20%) 5 . 9 (7 2%) 6 . 6 (80%) 9 . 7 (115%) 10 . 5 (128%) 

FEF25-75% 4 .5 0 .4 (9%) 2. 7 (59%) 2 .9 (65%) 2. 8 (60%) 3 . 8 (85%) 

FIF 6 .3 4. 2 (67%) 5.3 (8 4%) 5 . 6 (89%) 6.0 (96%) 6.7 (106%) 

TLC <6 . 5 7 .2 (110%) 7.25 

RV/ TLC <2 5% 46% 27% 

7mi n N2 index 1.5% 3 .2% 1. 5% 

 196 1 

Room Ai r 100% 02  196 4 

Sao2% 96 100 DLCO 31 (110%) 

Pao2 mm Hg 85 633 DM 84 (110%) 

pH 7 . 45 7 . 45 vc 79 (11 2% ) 

Pa C02 IIlir!_ Hg 37 37 TLC 7 . 29 (119%) 

A-a o 2 gr ad . 25 30 FRC 3.93 (1 27%) 

v 262 RV/ TLC , 35 ( 150%) 
,02 
Vco2 200 7mi n N2% 0 . 7 

Paco2 end t i da l 39 mm 

Pa co2 end e x p . 40 mm 

Pa co2 38 mm 
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TABLE 6 

. Vent . Func . Pred. Obs . 

FVC L 4.550 3 . 071 (68%) 

FEV0 . 5 >60% 0 .483 (16% of FVC) 

FEVl. O >75% 0 . 702 (23% of FVC) 

FEF0_25%L/sec 7.74 0 . 60 (8%) 

FEF25-75% 4.23 0 . 13 (3%) 

FIF 5.92 4 . 80 (81%) 

Lung Vol. Pred. Obs . % 

TLC m1 5910 10,437 177% 

FRC 2955 8,895 301% 

RV/TLC % 23% 72% 
7min N2% 1.5% 11% 

,_ 3 MPH Treadmill 
Blood Gases Rest Exercise 

pH 7.40 7.30 

PaC02 mm Hg 47 49 

Pao2 55 49 

o 2 sat .% 87 79 

Min. Vo L_. L/min 5 . 9 16.4 

o 2 consump . ml 112 513 

Diffusion Pred. Obs. % 

DLCO cc/min/mm Hg 19 6 32% 

DM cc/min/mm Hg 70 16 23% 

Vc ml 42 17 40% 
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Where anatomical material is available, the differentiation of bronchio­
litis from alveolitis clinically is probably very difficult if not 
impossible . 
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13 . Foley , D. F., and Lowe, F. C. : Equine centr~lobular cmphy~ 
sema with further observations on pathology of heaves. Amer. 
Rev . Resp . Dis. 93 : 17 , 1966. 

14. McLaughlin, R. F., Jr., and Edwards, D. W. : Naturally occur­
ring emphysema , the fine gros~ and histopathologic counterpart 
of human emphysema . Amer. Rev . Resp . Dis. 93:22, 1966 . 

In earlier studies McLaughlin showed the similarity between the sub­
gross anatomy of the equine lung and the human lung, and these studies 
report the identical lesions of bronchiolitis and emphysema in the horse 
as seen in man . 

1 5 . Anderson, A. E., Jr., Hernandez, J. A. , Eckert, P., and Fora­
kera, G.: Emphysema in lung macrosections correlated with smok­
ing habits . Science 144 : 1025, 1964 . 

16 . Mi t chell , R . S., Vincent, T . N. and Filly, G. F.: Cigarette 
smoking in chronic bronchi tis and emphysema. JAMA 188:: 1·32, 1964. 

17. Auerbach , 0 . , et al : Experimental production of pulmonary 
emphysema in smoking dogs . To be published . 

These studies and many others continue to add impact to the evidence 
already available to indict cigarette smoking as the single most signi­
ficant etiologic factor in the development of pulmonary emphysema. 

18 . Kobayashi, M., Stahmann, Mark A., Rankin, J., and Dickie, H. A. : 
Antigens in moldy hay as a cause of farner's lung. Proceedings 
Soc . Exp. Biola. in Med. 113 : 472, 1963. 

19. Williams, J . V. : Inhalation in skin tests with extracts of hay 
and fungi in patients with farmer's lung. Thorax 18 : 182, 1963 . 

20. Arnoldsson, H., BouhLys, A.1 and Lynndel, S. E.: Byssinosis: 
di fferential diagnosis from bronchial asthma in chronic bron­
chitis . Acta Med . Scand . 173:761, 1963 . 

21. Mos £owitz , R . L, Lyons, H. A. , and Cottle, H. R. : Silo filler~ 
disease: clinical, physiologic and pathologic study of a 
patient . Amer . J. Med. 36:457, 1964. 

These are just a few of a large number of papers which have been 
published in the last two or three years describing a variety of agents 
known to produce chronic obstructive pulmonary disease as a result of 
inhalation of these chemotoxic or antigenetically active substances . 
The large number of potentially dangerous substances in man's atmos­
Phere should alert all to the possible etiologic relationship of such 
agents to chronic respiratory symptoms. 

22. Ericksson, S . : Pulmonary emphysema and alpha-1-ant :l. t r y ps in dr? ~~ i­
cienc~· . Acta Medica Scand. 175: 197, 1964. 

23. Ibid., Studies in alpha-1-antitrypsi L d9f ~ c ~ J ncy. Actn Med. 
Scand. 177: supplement p. 175, 1965 . 
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24. Briscoe , W. A., Kueppers, F., Davis, A. L., and Bearn, A. G. : 
A c ase of inherent deficiency of serum alpha- 1-antitrypsin asso­
ciate d with pulmonary emphysema. Allie r . Rev . Resp . Dis . 94 : 529, 
1966 . 

25 . Talamo , R . C., Blanerhasit , J . B., and Austin , F. K. : Familial 
emphysema in alpha-1-antitrypsin deficiency. New Engl. J . of 
Med . 275 : 1304, 1966. 

Another possible related etiologic factor genetically determined 
baS been described. The incidence of the defect in patients with 
chronic obs t ructiv e pulmonary disease is apparently rare. However, our 
own studies on patients under forty years of age with clinical evidence 
of degenera t ive lung disease reveal a much higher incidence. Three out 
of 15 have shown the defect . 

26. Burrell , R. G. , Esber, H. J., Hagadorn, J. E. and Andrews, 
C . E .: Specificity of lung- reactive antibodies in human serum. 
Amer . Rev. of Resp . Dis. 94 : 743, 1966. 

27. Hagadorn , J. E. , Burrell , R. G. , and Andrews, C. E.: Immuno­
chemical analysis of lung- reactive antibodies in human serum . 
Amer . Rev. of Resp . Dis. 94:751 , 1966 

The specific ity and significance of lung- reactive antibodies re ­
mains unclear . 

28. Ryan , S . F.: Pulmonary embolism and thrombosis in chronic 
_ obstructive emphysema. Amer. J . Path. 43:767, 1963 . 

I n 66 cases with progressive disabling dyspnea for at least 6 
months prior to death , the cause of death in every instance was con­
s i dered to be pulmonary emphysema uncomplicated by valvular or con­
genital heart disease. Pulmonary embolization was found in 44% of the 
cases . Polycythemia was found in 43% of the cases, some with emboli 
and some without . Ninety percent of the emboli were large . In a 
matched controlled series the incidence of pulmonary embolism was only 
15% , and only 70% of t hese were large. Of significance is the fact 
that pulmonary embolism occurs with severe chronic obstructive pulmon­
ary disease as frequently as it does in heart failure even though 
neither polycythemia nor heart failure may be present in the patients 
with pulmonary disease. 

29 . Glauser , E . M. : Experimental production of acute pulmonary 
emphysema in newborn piglets . Amer . Rev. Resp . Dis. 94 : 873, 
1966. 

This very interesting study in which severe hyperventilatory stress 
was imposed by 10% co2 and 7% oxygen breathing for 24 hours on newborn 
Piglets produced marked weight loss in the animals without increased 
Urine excretion , marked acidosis, hypoxia and hypercapnia with anatomi­
Cal changes characteristic of acute disruptive disease of the lung 
Parenchyma . 

PATHOLOGI CAL 

30 . Kory , R . C., Rauterkus, T. L., Korthy, A. L . , and CBt~, R. A. : 
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Quantitative estimation of pulmonary emphysema in lung macro­
sections by photoelectric measurement of transmitted life. Amer. 
Rev. Resp . Dis. 93 : 758 , 1966. 

A fairly simple and reasonably precise method for estimating the 
degree of lung destruction which will no doubt be useful in correlating 
clinical and physiological changes with structural abnormalities. 

pATHOLOGICAL - ROENTGENOLOGICAL 

31. Simon, George : Radiology and emphysema. Clin. Rad. 15:293, 
'1964 . 

If the central dome of the right diaphragm is at or below the sev­
enth rib anteriorly, the diaphragm is flattened. The sixth rib is 
acceptable in a hypersthenic patient. Diaphragm excursion is less than 
3 em . Normally, should be more than 4 em. The retrosternal space which 
is normally a maximum of 2-3 em. is more than 3 em. The clear space ex­
tends lower in emphysema; normally it rarely gets as close as 3 em to 
the diaphragm. The narrow verticle heart and enlarged pulmonary artery 
are also characteristic. (These changes are those of advanced emphysema; 
when they are present , invariably clinical signs and symptoms as well as 
functional abnormalities are present.) Heart failure and obesity may 
obscure these findings. 

32. Reid, Lynne, and Millard, F. J. C.: Correlation between radio­
logical diagnosis and structural lung changes in emphysema. 

_ C 1 in . Ra d . 15 : 3 0 7 , 19 64 . 

Grade III out of IV emphysematous change, i.e. air spaces 5 mm. or 
more must be present to permit radiological diagnosis. 

Emphysema in upper lobes does not effect diaphragm except in ad­
vanced bullous disease. Lower lobe emphysema nearly always depr-esses 
the diaphragm. 

33 . Ni cklaus, T. M., Stowell, D. W., Christiansen, W. R., and 
Renzetti, A. D., Jr.: The accuracy of the roentgenologic 
diagnosis of chronic, pulmonary emphysema. Amer. Rev. Resp. 
Dis. 93:889, 1966. 

This study revealed that interpretations of experienced readers of 
Chest X-rays accurately diagnose moderate to severe degrees of pulmo­
nary emphysema with only rare false diagnoses. 

34. Jefferson, K. E., Reid, Lynne, Skerrow, G. D., and Simon, 
George : The normal pulmonary angiogram and some changes seen 
in chronic nonspeci f ic lung disease. Proc. Royal Soc. Med. 
58:677, Sept. 1965. 

A collected summary of published material on pulmonary angiography 
in patients with chronic, obstructive pulmonary disease, a clinical and 
Physiological correlation. 
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35. '1 akino, M. , and ri'akino, Y. : Surgical removal of the carotid 
body and its relation to the carotid chemoreceptor and baro­
receptor reflex in asthmatics. Dis. Chest 47:129, 1965. 

"Since Seo and Nakayama 1942 and Nakayama 1961 reported the effec­
tive glomectomy in bronchial asthma, the operation seems to be gaining 
popularity in foreign countries. However, this treatment went out of 
fashion in Japan ten years ago, because of its nearly temporary effect, 
despite its dramatic effect in some cases." 

This is a study of 102 patients having either unilateral or bi­
lateral glomectomy . More than 40% showed no improvement at all. Eighty 
%of those showing some improvement relapsed within a year. Eighty­
three of the 102 cases were operated in the first five years of this 
study. Only five pat i ents have been operated in the last five years. 

pHYSIOLOGICAL 

36 . Renzetti, A. D., Jr., McClement, J. H., and Litt, ~: : Mortal­
ity in relation to respiratory function in chronic obstructive 
pulmonary disease. Amer. J. Med . 41:115, 1966. 

These authors report a correlation between initial pulmonary func­
t i on studies and mortality over a four year period of follow-up; a his­
tory of an episode of right heart failure was found to be the most 
s i gnificant single factor relating to mortality. Of special significance 
was the higher incidence of cor pulmonale and the earlier mortality in 
relation to other functional alteration in people living at high alti­
tudes . I n this series 96.4% of the patients with COPD were cigarette 
smokers . 

37 . Sukumalchantra, Y., Dinakara, P., and Williams, M. H., Jr.: 
Amer . Rev. - Res p . Dis. 93:215 )' 19 66. PrQgnosis o :f patient s with 
chro:r:ic c.bstructive pulmcmar y disease after hospitalization for 
acute ventilatory failure: A three year follow-up study. 

This is a controlled study on patients with chronic, obstructive 
pulmonary disease. A group having been in acute ventilatory failure on 
one or more occasions wa s compared with a group not previously in respi­
ratory failure. Although there is some evidence that relatively normal 
steady state diffusing capacity and arterial blood gas content are asso­
c i ated with a favorable prognosis in patients . with chronic obstructive 
pulmonary disease, death in this condition is largely due to acute 
ventilatory failure that cannot be anticipated accurately from the know­
ledge of pulmonary function alone. 

38. Bentivoglio, L. G., Beerel, F. , Stewart, P. B . , Bryan 1 . A. C . , 
Ball, W. C., Jr., and Bates, D. V.: Studies of regional venti­
lation and perfusion in pulmonary emphysema using xenon 133. 
Amer. Rev. Resp. Dis. 88:315, 1963. 

This is a very exciting but extremely complicated and expensive 
method for studying ventilation and perfusion relationships in the lung. 
By scanning with scintillation counters over various regions of the 
~ung, perfusion can be evaluated by the injection of radioactive xenon 
ln saline which will then be found to appear in proportion to the per­
fusion of the particular regions of the lung. Breathing a gas mixture 
containing radioactive xenon will reveal the degree to which various 
areas of the lung are well ventilated. Ventilation is 2 - 4 times 
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greater than perfusion in all areas of the lung in patients with emphy­
sema. In a normal individual, ventilation exceeds perfusion slightly 
in the upper zones of the lung. They tend to be equal in the mid-zones, 
and in the lower zone perfusion tends to exceed ventilation by a modest 
degree . 

39 . Posner, J. B., Swanson, A. G. and Plum, F. : Acid base balance 
in cerebral spinal fluid. Arch. Neurol . 12 : 479 , 1965 . 

These studies demonstrate that the PC02 of the CSF is approximately 
10 mm higher than blood PC02 and bicarbonate 0 . 5 mEq. lower. Hydrogen 
ion concentration is thus slightly higher in CSF. The PC02 parallels 
that of the arterial blood in all conditions, but the difference - in­
creases in metabolic alkalosis causing the CSF acidosis to persist . This 
emphasizes a necessity for avoiding respiratory alkalosis in the post­
hypercapneic states . Likewise, excessive rapidity in reduction of arte­
rial PC02 leads to exaggerated metabolic alkalosis in the CSF . In 
either event marked disturbances in cerebral function may eventuate. 
This suggest the importance of examination of the CSF, acid base balance 
when CNS disturbances persist. 

40. Bleich, H. L., Tannen, Richard L., and Schwartz, William B.: 
The induction of metabolic alkalosis by the correction of potas­
sium deficiency. J . Clin. Invest . 45 : 573, 1966 . 

Potassium deficient dogs without metabolic alkalosis when fed 
potassium sulfate or neutralphosphate retained potassium, and rather 
than excrete sodium excreted nearly an equivalent quantity of hydrogen 
and deve-loped metabolic alkalosis . Normal dogs on a chloride free diet 
treated in the same fashion do not develop metabolic alkalosis. 

41 . Cohen , J. J., and Schwartz, W. B: Evaluation of acid-base equi­
librium in pulmonary insufficiency. (Editorial) Amer. J. Med. 
41 : 163, 1966. 

Sixteen most pertinent references. Knowledge of the nature of the 
acid-base disturbances associated with co2 retention is of both diag­
nostic and"--therapeutic significance . The authors summarize their work 
on me tabolic studies during acute and chronic C02 retention both in dogs 
~nd man. The nature of the two kinds of response to co2 retention, the 
lmmediate tissue1 and blood buffering and the more delayed renal response 
to acidosis with increased HC03 reabsorption are discussed . 

From this group's studies a very useful graph, Figure 2 , has been 
drafted to help demonstrate the significance of changes in co2 tension 
With respect to H+ concentration. 

42. Bleich, H. L . , Berkman, P. M., and Schwartz, W. B.: There­
sponse of cerebrospinal fluid composition to sustained hyper­
capnia. J. Clin. Invest. 43:11, 1964. 

Dogs exposed to 12% co2 continuously showed a gradual rise of CSF 
Uco3 to approximately 13 mEq. within the first 24 hours with no sub­
sequent ris-e over a 24 hour _period. The steady state in the plasma 
Was not achieved so quickly. · Chloride decreases in both compartments 
Were nearly identical to the bicarbonate rise. There was no signifi­
cant change in sodium or potassium. 
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43 . Enson, Y., Guintini, C., Lewis, M. L., Morris, T. Q. , Ferrer, 
M. I., and Harvey , R. M .. : The influence of hydrogen ion concen­
tration and hypoxia on the pulmonary circulation. J. Clin. 
I nvest . ~~:1 14 6,1964. 

44. Rudolph , A. M., and ~uan, $. : . Response of the pulmonary vas­
culature to hypoxia in hydrogen ion concentration changes. J. 
Clin. Invest. 45:399, 1966. 

These two studies clearly indicate the interdependence of hypoxia 
and :.ncreased hydrogen ion concentration in producing profound increases 
in pulmonary vascular resistance and pulmonary artery pressure which is 
immediately reversible with correction of the acidosis. 

45. Sackner , M. A., Feisal, K. A., and Karsch, D. N.: Size of gas 
exchange vessels in the lung. J. Clin. Invest. 43 : 1847, 1964. 

More than ninty percent of gas exchange apparently at level 8-20 
micron sized blood vessels. 

TREATMENT 

46. Davis, A. L., Grobow, E. J., Kaminski, T., Tompset, R., and 
McCleme t, J. H.: Bacterial infection and some effects of chemo­
prophylaxis in chronic pulmonary emphysema: II. Chemopro­
phylaxis with daily chloramphenicol. Amer. Rev . Resp. Dis. 

' 92 : 900 , 1965. 

The results of this an~other studies lead the authors to conclude 
that chemoprophylaxis does not seem to be indicated for the majority of 
patients with chronic bronchitis and emphysema despite a possible bene­
f i cial effect of long term antimicrobial therapy and· reducing the inci­
dence or duration of acute exacerbations. It is not the principal mode 
of treatment of chronic respiratory disorders. Even though there are 
some who would argue with this point of view, it is probably the best 
reflection, of current experience with a few exceptions , and certainly 
it must be emphasized that the best prophylaxis against bacterial exacer­
bations is the avoidance of other sources of bronchial irritation includ­
ing viral infections and the maintenance of ideal bronchial hygiene . 
This study and the reviews by Mulder and Lynne RAid in Advances in Int. 
Med. 12 : 1964, Yearbook Med. Pub. , Inc . raise a serious question in the 
mi nds-of many as to whether Hemophilus influenza which is frequently 
found in patients with chronic bronchitis during exacerbation is the 
c ause of the exacerbation or the consequence of the exacerbation. 

47 . A statement of the committee on therapy of chronic, obstruc­
tive lung disease. Amer. Rev. Resp. Dis. 92:513, 1965. 

Aside from a few unsupported or unexplained statements such as, 
"The use of nebulized forms of epinephrine should be restricted to 
three or four times in 24 hours , " and, "Nebulized wetting agents may 
make breathing more difficult in severe respiratory insufficiency"; 
t his is a very concise and ~omplete statement. 
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48 . Bates, J. H., Adamson, J . S., and Pierce, J. A.: Death after 
voluntary hyperventilation . New Eng. J. Med. ~~1: : 1371, 1966. 

49 . Addington, W. W. , Kettel, L. J., and Cugell, D. W. : Alkalosis 
due to mechanical hyperventilation in patients with chronic 
hypercapnia. Amer. Rev. Resp. Dis. 93 : 736, 1966. 

50 . Feldman, R., and Williams, H. M., Jr.: Acute ventilatory fail­
ure. New York J. Med. 63:3355, 1963 . 

51 . Lyons, H. A., Becker, W. H., and Tor r es, G. E. : Management of 
severe pulmonary emphysema. Amer. J. Med. 36:62 , 1964 . 

52. Sukumalchantra, Y., and Williams, M. H. , Jr. : Pathophysiology 
of ventilatory failure. Amer . Rev. Resp. Dis. 92 : 428, 1965. 

53. Refsum, H. E. : Arterial hypoxemia and centrolobular liver cell 
necrosis in pulmonary insufficiency. Clin. Sci. 25:369, 1963, 
and Acta Med . Scand. 176:473, 1964. 

54 . Chamberlain, D. A., and Millard, F. J . C.: Treatment of poly­
cythemia secondary to hypoxic lung disease by continuous oxygen 
administration. Quar. J. Med. 32:341, 1963. 

55. Hutchinson , D. C. S., Flenley, D. C., and Donald, K. W. : Con­
trolled oxygen therapy in respiratory failure. Brit . Med . J. 
2 : 1159 , 1964. 

56. Campbell, E. J. M. : Oxygen therapy in diseases of the chest. 
Brit . J. Dis Chest 58:149, 1964. 

57. McNicol, M. W., and Campbell, E. J. M.: Severity of respiratory 
failure arterial blood gasses in untreated patients. Lancet 1: 
336, Feb. 13, 1965. 

58 . Lal , S. : Blood gases in respiratory failure : state on ad­
m~ssion to hospital and management . Lancet ~:339, Feb. 13, 1965 . 

All these reports on severe respiratory insufficiency serve to 
emphasize several points. 1 . Death is a result of hypoxia and hyper­
capnia and the consequences stemming therefrom. 2. Accurate serial 
monitoring of blood gases, pH and electrolytes as well as certain other 
Vi tal functions is mandatory to successful treatment. 3. Whereas hypoxia 
must be corrected promptly and continuously, oxygen administration 
Should always be carefully controlled. Seldom are concentrations of 
inspired oxygen in excess of 30- 40% necessary to maintain acceptable 
levels of oxygen tension, i . e . , better than 70 mm Hg . 4. Adequate venti­
~ation must be provided to restore arterial co2 to reasonable levels , 
l . e., that which is compatible with the best unassisted ventilatory 
capacity of which the patient is capable. When hypercapnia is acute and 
severe respiratory acidosis is presentl rapid correction of the hyper­
capnffJ~ state is in order. When hypercapnia is chronic and most of the 
retained co2 has been buffered as indicated by the near normal pH, the 
hypercapneic state s hould be corrected slowly using hydrogen ion con-



- 2?. -

centration as the guide to the rate at which correction should be exe­
cuted . 5. Patients with severe respiratory failure superimposed on 
chronic pulmonary disease , especially if they have chronic hypercapnia 
and have r eceived steroids or diuretics arid have been placed on salt 
restriction wit h free access to water, often have severe states of potas­
s i um and chloride depletion and occasionally sodium depletion , even 
though t hese may not be reflected by admission serum concentration 
values . The need for prompt replacement therapy with potassium chlo­
ride and sodium c hloride must be anticipated . 6 . Ultimate correction 
of the pr oblems of respiratory failure pends on improvement of ventila­
tory funct ion which mus t immediately be provided by establishment of an 
effective airway by aggressive tracheal suctioning with or without trans­
tracheal vinyl catheter intubation to permit tracheal instillation of 
materials to promote bronchial evacuation or by endo t racheal intubation 
of o r by a t r acheos t omy as the circumstances may dictate. 7. Finally, 
it must be remembered that maintenance of gas exchange homeostasis is 
not the sole objective of mechanical ventilatory assistance . Clearing 
of inflamma t ory exudate and restoration of the mechanical integrity of 
the respiratory system is the ultimate and often overlooked aim of 
aggressive mechanica l measures which include vigorous chest percussion 
and postural dra inage . 

59 . Addis , G. J.: Bicarbonate buffering in acute exacerbations of 
chronic respiratory failure. Thorax 20 : 337 , 1965 . 

60 . Wil liams , M. H. , Jr., and Levin, M.': Sudden death from bron­
chial asthma. Amer . Rev. Resp. Dis . 94 : 608 , 1966 . 

Ca~es such as this continue to be reported emphasizing the ex­
treme importance of recognizing the full nature of the asthmatic syn­
drome, the necessity for avoiding excessive doses of epinephrine and 
sedatives , and the importance of airway control and bronchial evacua­
t i on . It is worth noting that the pH was not reported . The patient 
was receiving isuprel 3 cc per hour by aerosol , and aminophylline 100 
mgm per hour during a 30 hour period of observation . He had received in 
addition 1 cc of e p inephrine in the first 24 hours and 140 mgm of pheno­
thiazine in the last 13 hours . Ventilatory function was deteriorating, 
and it 's a~parent that bronchial evacuation was not effective. Death 
was no doub t due to acute suffocation and circulatory arrest . Post­
mortem examination revealed the classic findings of fatal asthma . 

61 . Curra n , W. S . , Oser , J . F ., Longfield , A. N., Broderick, E . G. , 
and Culvahouse, B . M.: Glomectomy for severe bronchial asthma : 
a double blind study. Amer. Rev . Resp . Dis . 93 : 84, 1966. 

This is a double blind study of 23 asthmatic patients , ten of whom 
had a unilateral glomectomy. There was no significant difference either 
in pulmonary function or in clinical course between the operated and 
nonopera t ed patients. (There are innumerable reports of negative re­
sults and all double blind studies have yielded ne gative results. Numer­
ous instances of adverse results have been reported when this operation 
is perfor med on patients with severe pulmonary emphysema especially if 
a bilateral procedure is performed. Both the adverse results as well as 
the apparent symptomatic · benefit stems, in part at least, from the same 
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mechanism, that is, a diminution in responsiveness to hypoxia with a 
lessened respiratory drive; thus, the patient's awareness of his diffi ­
culty is minimized while lethal hypoventilation m0 y be in process). 

62. Palmer, K. N. V. : Sputum liquifiers. Brit. J. Dis. Chest 60: 
177 , 1966. 

Mucoid sputum which owes most of its viscid properties to an acid 
sialomucopolysaccharide is much more difficult to deal with than puru­
lent sputum for several reasons. It requires more shearing force to 
cause it to flow. It is thixotropic, becomes less viscid with time at 
a constant rate of stirring. Thus ciliary activity is very important. 
Either steam or heated mist of water or saline reduces sputum viscidity . 
rn previous studies the author found no advantage to use of detergents, 
and the alleged value of enzymes is not confirmed; side effects are 
emphasized. Points out action of acetylcysteine (Mucomyst) is slow, and 
it requires a pH of 8 or 9 for optimum effect. Most highly viscid spu­
tum is acid which tends to inactivate Mucomyst as does oxygen. He sug­
gests Ascoxal as an ideal agent. (Cheap, harmless, not inhibited by 
pus, readily water or saline soluble and fast acting.) 

63. Block, A. J. , and Ball, W. C., Jr.: Acute respiratory failure: 
observations on the use of the Morch Piston Respirator. Ann. 
Int. Med . 65 : 957, 1966. 

64. Birnbaum , M. L., Cree, E. M., Rasmussen, H., Lewis, P., and 
Curtis, J. K.: Effects of intermittent positive pressure 
breathing on emphysematous patients. Amer. J . Med. 41:552, 

~ 1966. 

Short term evaluation was favorable. 

65. Motley, H. L., and Yanda, R.: Experimental air pollution, 
emphysema and ionized air . Dis. Chest 50 : 343 , 1966. 

Air ionizers of no value. 

66. Ra mirez-R , J.: 
observations. 

Bronchopulmonary lavage: 
Dis. Chest 50:581, 1966. 

new techniques and 

Provocative technique that deserves further evaluation. 

67 . Modell , J. H. , Giammona, S. T., and Alvarez, L.A.: Effect of 
ultrasonic nebulized suspensions on pulmonary surfactant. Dis . 
Chest 50 : 627 ; 1966. 

No adverse effect observed from nebulized water, saline or alevaire. 

68. Davies, G. M., Simon, G., and Reid, L.: 
tive assessment of emphysematous bullae. 
§9.:120, 1966. 

Pre- and post-opera­
Brit. J. Dis. Chest 

69. Pierce, A. K., Taylor, H. F., Archer, R. K. , and Miller, W. F . : 
Responses to exercise training in patients with emphysema. 
Arch. Int . Med. 1 .~:28, 1964. 
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70. Pierce , A. K., Paez, P. N., and Miller , W. F. : Exercise train­
ing with the aid of a portable oxygen supply in patients with 
emphysema . Amer. Rev. Resp . Dis . . 91 : 653, 1965 . 

71 . Miller , W. F . : Rehabilitation of patients with chronic obstruc­
tive lung disease. Med . Clin . N. America, March 1967. 

These studies emphasize the role of inactivity and physical recon­
ditioning in the disability of chronic obstructive pulmonary disease, as 
well as the potential for regular exercise rehabilitation programs as 
an adjunct to the total treatment of these , patients. Small amounts of 
supplemental oxygen will serve to facilitate exercise in those patients 
not otherwise able to negotiate increased levels of physical activity. 

ADDITIONAL REFERENCES 

72 . Re id, Lynne: Emphysema : Classification and clinical signifi­
cance . Brit . J . Dis. Chest 60 : 57 , 1966 . 

73. Field , Winifred E . H., Davey , E. N. , Reid , Lynne , and Roe, F. 
J . C.: Bronchial mucus gland hypertrophy: its relation to 
symptoms and environment. Brit. J . Dis. Chest 60 : 66, 1966 . 

74. Edge, J . , Simon, G. , and Reid, Lynne : Peri-acinar (paraseptal) 
emphysema : its clinical, radiological, and physiological fea­
tures. Brit. J. Dis . Chest 60 : 10, 1966. 

75 , Palmer, K. N. V. : Sputum liquefiers. Brit. J . Dis. Chest 
60 : 177, 1966 . 

76. Ross, C. A. C. , McMichael, S . , Eadie, M. B., Lees, A. W. , 
Murray , E . A. , and Pinkerton, I. : Infective agents and chron­
ic bronchitis . Thorax 21 : 461, 1966. 

77. May , J. R. : The bacteriology and chemotherapy of chronic bron­
chitis. Brit. J . Dis. Chest 59 : 57 , 1965. 

78 . Pines, A., Bundi , R. S., Greenfield, J . S . B., and Plucinski, 
K. : Chloramphenicol analogues in the intrabronchial treatment 
of severe chronic chest infections. Brit . J . Dis. Chest 59 : 81, 
1965 . ----

79 . Fontana , V. J . , Salanitro , A. S . , Wolfe, H. I. , Moreno, F . : 
Bacterial vaccine and infectious asthma . JAMA 193 : 895 , 1965 . 

80. Millar , J . D., et al : Cold air and ventilatory function . 
Brit . J . Dis . Chest 59:23 , 1965 . 

81 . Malt ., R. A.: The nonasthmatic crow . Arch . Intern. Med. 117: 
394 , 1966. 

82 . Suhs , R. H., and Lepper, M. H. : Induction of cutaneous hyper­
sensitivity to tracheobronchial mucosa in rabbits. Amer. Rev. 
Resp. Dis . 91:64, 1965. 
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