
THE EFFECT ON RESPIRATION OF THE OCCLUSION OF A
BRONCHUS IN MAN DURING BRONCHOSPIROMETRY

K. K. Pump

J Clin Invest. 1954;33(4):611-620. https://doi.org/10.1172/JCI102932.

Research Article

Find the latest version:

https://jci.me/102932/pdf

http://www.jci.org
http://www.jci.org/33/4?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI102932
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/102932/pdf
https://jci.me/102932/pdf?utm_content=qrcode


THE EFFECT ONRESPIRATION OF THE OCCLUSIONOF A
BRONCHUSIN MANDURINGBRONCHOSPIROMETRY

By K. K. PUMP

(From the Division of Tuberculosis Control, Department of Health and Welfare, Willow Chest
Centre, Vancouver, B. C.)

(Submitted for publication March 17, 1953; accepted December 30, 1953)

During the course of a routine bronchospirom-
etry on a patient suffering from pulmonary tuber-
cutlosis, the observation was made that when the
catheter leading to one lung was clamped at the
end of a normal expiration there was an immediate
increase in tidal volume, in the functional residual
capacity and in the respiratory rate in the other
lung. This phenomenon persisted until the block
was removed, whereupon these three factors re-
turned to normal within three breaths.

Experiments in which a bronchus was occluded
have been reported by many investigators (1-7).
According to Andrus (2) ligation of a bronchus in
dogs under ether anesthesia induced a 20 per cent
increase in minute ventilation and the respiratory
rate immediately after operation before the anes-
thetic had lost its effect. Twenty-four hours later
the minute ventilation had increased by 32 per cent
and the respiratory rate by 30 per cent (2).
Churchill and Agassiz (3) found that occlusion of
either the right pulmonary artery or of the right
bronchus in animals caused almost identical in-
creases in the minute ventilation. Clamping of
the bronchus was attended by a high degree of
respiratory difficulty and could not be maintained
for any period of time. The authors felt that the
surgery necessary to prepare the specimen may
have profoundly disturbed the mechanical condi-
tions of respiration. In four experiments on dogs,
anesthetized with barbital sodium, Moore (8) ob-
served that blocking the right bronchus at the end
of expiration produced a relatively deep inspiration
as the next movement of the lung and the respira-
tory rate immediately slowed. After five minutes
the respiratory rate accelerated to 34 per minute,
13 per minute above the control level. When the
right bronchus was blocked at the end of inspira-
tion, the next movement of the lung was a rela-
tively deep expiration and the respiratory rate im-
mediately slowed but within three minutes ac-
celerated to 38 per minute. Although no mention

is made of a change in the functional residual ca-
pacity, the graph illustrating the respiratory move-
ments before and after the block, shows a decrease
when the right bronchus was blocked in inspiration.
No such change can be seen when the block was ap-
plied at the end of expiration. In a study of the
blood flow through a lung collapsed by occlusion
of its bronchus, by the same author (9), the depth
of breathing of the opposite lung was consistently
found to be increased and the degree of increase
was most marked after right-sided collapse. The
effect on respiratory rate was variable. The min-
ute ventilation was conspicuously increased in all
of the experiments. From the data presented,
it seems that the observations were made when
the blocked lung was totally collapsed.

In man twd methods of blocking a lung have been
used. The first consists of clamping the tube lead-
ing to one of the lumina of the double bronchoscope
and the other of feeding pure nitrogen to one lung.
The effect of blocking one lung in three normal
subjects was studied with respect to the effect upon
the other lung (4, 10). The blocking, by means of
clamping the tube, was induced at the peak of a
normal inspiration and in each instance a decrease
in the functional residual capacity and an increase
in the tidal volume occurred. The unblocked lung
always hyperventilated but never to a high degree
and the sudden cutting off of one lung from ven-
tilation was tolerated with no great difficulty.

The study reported here was undertaken to in-
vestigate the frequency and the variability of the
response which occurs following the blocking of
one lung and the effect extensive pulmonary dis-
ease may have on this phenomenon.

METHODS

The subj ects used for this study were eleven women
and twenty-three men, all suffering from pulmonary
tuberculosis and being evaluated for chest surgery. The
age range was from 26 to 53 years and the duration of
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TABLE I

Respiration during occlusion of a bronchus*t
A. Effect observed bilaterally

M.V. of the R.R. during
M.V. before 1st min. of Per cent F.R.C. R.R. before 1st min.

Subject block block change increase block/min. of block

cc . cc . cc .
1. Mrs. H. R.L. 3,760 4,710 + 25 106 17 20

L.L. 4,400 6,700 + 52 134 17 17
2. Miss L. R.L. 3,388 5,172 + 55 134 14 12

L.L. 2,674 3,903 + 46 187 14 11

3. Mr. R. R.L. 4,990 9,597 + 92 416 15 25
L.L. 5,790 10,125 + 75 562 15 30

R.L. 4,078 5,530 + 36 160 14 20
L.L. 2,994 4,531 + 51 335 14 15

4. Mr. W. R.L. 4,740 8,260 + 74 160 14 18
L.L. 5,456 5,993 + 10 376 14 16

5. Mr. F. R.L. 3,420 4,850 + 42 80 13 15
L.L. 2,902 4,960 + 71 107 13 16

6. Mr. H. R.L. 4,840 6,120 + 27 214 16 15
L.L. 3,970 5,580 + 40 0 13 16

7. Mr. Y. R.L. 3,540 4,420 + 25 133 13 0
L.L. 5,375 8,360 + 56 0 13 8

8. Mr. G. R.L. 3,509 3,789 + 8 0 13 18
L.L. 4,542 6,472 + 42 134 13 15

9. Mr. S. R.L. 6,633 6,843 + 3 120 15 13
L.L. 1,478 3,114 +111 0 15 22

10. Mr. Hyd R.L. 3,068 4,320 +409 0 10 9
L.L. 4,784 5,411 + 13 375 10 10

11. Mr. D. R.L. 3,510 5,077 + 44 346 22 19
L.L. 5,340 5,751 + 8 322 24 23

12. Mrs. B. R.L. 2,710 3,840 + 42 27 20 29
L.L. 4,260 5,150 + 20 27 19 33

13. Mr. L. R.L. 3,456 4,290 + 24 213 20 20
L.L. 4,998 6,580 + 32 134 20 20

14. Mr. W. R.L. 3,760 5,290 + 40 80 15 20
L.L. 4,360 5,650 + 29 94 15 18

15. Mr. A. R.L. 3,625 5,040 + 39 319 12 17
L.L. 3,970 4,910 + 23 321 12 19

16. Mrs. M. R.L. 3,920 4,510 + 15 266 14 14
L.L. 1,875 3,240 + 67 242 14 21

17. Mr. C. R.L. 3,460 6,750 + 95 453 15 15
L.L. 3,440 4,590 + 33 268 15 15

18. Miss Mc. R.L. 2,790 3,860 + 38 80 16 19
L.L. 4,000 5,065 + 33 161 16 17

19. Mr. Sp. R.L. 2,800 4,260 + 52 133 12 18
L.L. 6,320 8,420 + 33 107 12 17

20. Miss J. R.L. 2,910 3,570 + 22 160 12 11
L.L. 2,570 3,860 + 50 121 12 13

21. Mlr. Hry R.L. 3,620 4,180 + 15 266 8 8
L.L. 3,610 4,350 + 20 188 8 8

22. Mr. K. P. R.L. 3,381 9,358 +177 451 16 22
L.L. 3,316 7,518 +127 376 16 26

* M.V.-Minute Ventilation.
F.R.C.-Functional Residual Capacity.
R.R.-Respiratory Rate.
R.L.-Right Lung.
L. L.-Left Lung.

t In each instance data recorded for a lung is in response to the blocking of the contralateral lung.
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TABLE I-Continued
B. Effect observed on one side only

M.V. of the R.R. during
M.V. before 1st min. of Per cent F.R.C. R.R. before 1st min.

Subject block block change increase block/min. of block

cc. cc. cc.
23. Mrs. R. L. R.L. 6,790 6,150 - 9 0 15 12

L.L. 860 1,500 + 74 65 15 17

24. Mr. C.S. R.L. 4,800 5,166 + 7 0 15 16
L.L. 2,645 4,794 + 81 161 15 16

R.L. 5,498 5,705 + 4 0 13 13
L.L. 2,080 2,499 + 20 54 13 14

25. Miss W. R.L. 6,230 6,566 + 5 0 22 22
L.L. 562 2,280 +405 0 22 30

26. Mr.S.M. R.L. 3,890 5,061 + 30 0 23 23
L.L. 5,025 10,878 +116 134 20 24

27. M. A. R.L. 3,450 3,680 + 7 40 23 20
L.L. 4,360 4,700 + 7 0 22 22

C. Effect absent (one side not subjected to blocking)

28. Mr.St. R.L. 265 - -
L.L. 4,210 5,260 + 24 0 22 24

29. Mr. Sdn. R.L. 6,630 7,140 + 7 0 17 16
L.L. 800 -- -

30. Mr.Apy. R.L. 5,423 5,150 - 5 0 13 13
L.L. 990

31. Mr. K. R.L. 5,190 5,090 - 2 0 17 24
L.L. 135 -

D. Unilateral effect (other side not subjected to blocking)

32. Mrs.A.A. R.L. 960
L.L. 4,990 5,500 10 228 20 20

33. Mr. Wgr. R.L. 4,540 5,024 11 347 20 20
L.L. 3,650 -

E. Unilateral effect, other side doubtful

34. Mr. Hg. R.L. 2,610 3,990 + 52 146 14 13
L.L. 2,690 3,640 + 35 0 14 14

F. No effect bilaterally

35. Mrs. 0. R.L. 3,860 3,520 - 9 0 10 11
L.L. 3,680 3,700 0 0 10 11

R.L. 2,653 2,595 - 3 0 10 11
L.L. 3,488 4,418 + 26 0 10 11

pulmonary tuberculosis was from one -to fifteen years.
The patients were fasting (six hours) and received as

premedication pentobarbital 100 mg., morphine sulphate
7.5 mg., and atropine 0.7 mg. during the two and one-half
hours preceding bronchospirometry. Intermittent pos-
tural drainage was carried out for one hour immediately
preceding bronchospirometry. The pharynx and tracheo-
bronchial tree were anesthetized with 1 per cent ponto-
caine and Surfacaine® (Lilly) jelly was applied to the

exterior of the catheter. In addition to the 34 patients,
one normal male was investigated (K. P. Table I). He
did not receive pre-medication except for atropine.

Bronchospirometry was carried out with the patient
in the supine position.

A Zavod catheter was inserted into the trachea by di-
rect vision and guided under fluoroscopy into the left
bronchus 3.5 to 4 cm. below the carina. The exact position
was checked by means of x-ray. In the occasional pa-
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tient it was not possible to guide the catheter into the left
bronchus because of strictures or marked deviation of the
trachea.

While bronchospirometry was being carried out the ef-
fect of blocking a lung on the rhythm of respiration was

studied. A McKesson bronchospirometer was used which
records inspiration on the graph as an upstroke and ex-

piration as a downstroke. Changes in the relative oxygen

saturation were followed with an AP-4 Paul oximeter.
The patient was allowed to breathe oxygen with both

lungs for six to eight minutes, after which vital capaci-
ties were taken. The two methods of Jacoboeus and Bruce
(4, 10) for blocking a lung were used. The first con-

sisted of clamping, by means of forceps, the catheter lead-
ing to the lung to be blocked and the second, feeding pure

nitrogen to the lung to be blocked and pure oxygen to the
other. An additional feature was the clamping, by means

of forceps, of the catheter leading to the lung breathing
nitrogen, in order to rule out the possibility that the re-

actions occurring immediately after clamping the catheter
were due to. hypoxia. The clamping was done at the end
of a normal expiration and in seven patients additional
blocking was done at the height of inspiration.

Early in our investigation the patients could see when
the forceps were applied to the catheter but the act was

not explained to them. The interposition of a screen, so

that the patient could not observe the clamping, did not
change the reaction of the patients to the blocking proce-

dures. They did not know when nitrogen was ad-
ministered.

In the graphs presented, the upper graph is from the
right lung and the lower graph from the left lung. The
figures immediately above or below the graphs indicate
the minute ventilation in cc. before and during the first
minute of the block. The relative oximeter readings,
present in some figurfs, are expressed in percentage of
the initial reading at the start of the experiment and are

placed along the top of the figure.
The vertical lines represent time with ten small squares

equal to sixty seconds. The horizontal lines indicate the
volumes with each small square equal to 53 cc.

The catheter was clamped at the end of a normal ex-

piration and the arrow indicates the time at which the
catheter was clamped or released. Because of technical
arrangements the writing pen recording the inspirations
of the right lung is one and one-half small squares to the
right of the pen recording movements of the left lung.
In Figures 2 through 6 the patients were breathing pure

oxygen with both lungs. The response obtained when
the lungs breathing nitrogen were blocked is not shown,
except in Figure 1, but it is essentially the same as that
obtained when the same lungs breathing pure oxygen

were blocked.
The accompanying tables show the analyses of the

three characteristic features of this phenomenon in the
patients investigated. In these tables the values recorded
for the heading "R.L." indicate the response obtained
from the right lung prior and during the blocking of the
left lung and vice versa.

The minute ventilation and the respiratory rate during

the blocking of a lung are always calculated for the first
minute only after the application of the block, whereas the
increase in the functional residual capacity is representa-
tive for the whole period of the block.

RESULTS

In the first observation with this method (Pt.
No. 1, Table I), the tidal volume and the func-
tional residual capacity were immediately in-
creased when the right lung was blocked (Figure
1-A). The sudden change in the manner of
breathing was disturbing and it was only because
the patient did not appear in distress and the ox-
imeter showed no marked change in the oxygen
saturation that the block was not immediately dis-
continued. When subsequently the left lung was
blocked (Figure 1-B) it was strange to find that
the same reaction was not obtained.

Blocking the left lung produced an immediate
increase in the respiratory rate and only a gradual
increase in the tidal volume and the functional
residual capacity. It was considered unlikely that
hypoxia played a part since the -phenomenon oc-
curred regardless of whether the lung which was
blocked was breathing oxygen or nitrogen (C and
D) and also because the response occurred immedi-
ately on blocking the lung and before the oximeter
readings indicated any sign of oxygen unsatura-
tion. The lack of increase in tidal volume occurred
on the side where thoracoplasty had been per-
formed five years before, suggesting that the fail-
ure was due to some abnormality in the tissues of
this lung. However, when our next patient (Pt.
No. 2, Table I) showed a well-defined response on
the diseased side as well as on the normal side,
our explanation was no longer tenable.

It was soon apparent that the blocking proce-
dure did not produce the same pattern of reaction
in all patients and although the phenomenon was
well defined in the majority, it was less evident
in others. The three prominent features of block-
ing a lung were an increase in the functional
residual capacity, an increase in the tidal volume
and increase in the respiratory rate. Some pa-
tients exhibited all three, whereas in others one or
two features were not present. Each case was,
therefore, analyzed to determine whether the
phenomenon was bilateral or unilateral and how
many of the three components of the reaction were
present.
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BRoNCHOSIPJRO ME T R Y''
ING O. RIGHT CATHETER CLAMPED- LEFT OATH, CLAMPED

VITAL CAP RIGHT -9
LEFT -

15 7 cc.C
2 36 c.c. 3.6 mi -ii
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AGE 33 pv
No. p9476.

9?6 95 94 ..'.4.95.9.6. 5- 5-9492,94-5.5 OXIMETER

~~RECORDING:
DYSP DYSP

4.

A

DYSP= DYSPNEIC

.RIGHT LUNG

~ ~ ~ EF U'

TROGEN RIGHT LUNG -0

LEFT -NITROGEN

RIG HT LUNG

DIYSP.

.........
------------- --- -- - -------

............

LEFT LUNG

-L.F.FT CAT'"....GLAM-PED
FIG. 1. (PATIENT No. 1, TABLE I) ILLUSTRATION OF THE METHODUSEDFOR STUDYINGTHE EFFECT ON RESPI-

RATION WHENBLOCKING A LUNGWHILE BREATHINGOXYGEN(A AND B) ANDWHILE BREATHINGPURENITRO-
GEN (C ANDD)

Figure 2 (Pt. No. 3, Table I) shows the dra-

matic immediate response of the right lung when

the left lung was blocked and again of the left lung

when the right lung was blocked. As soon -as the

catheter was clamped the patient started to

breathe deeply, almost gasping, but he did not ap-

pear alarmed or anxious. When questioned later

he volunteered the information that he suddenly

felt a tightness in his chest and a sensation that

he could not'get enough air. The tightness was

not localized to one or the other side but was over

the whole chest. Furthermore, the patient could

not distinguish whether the right or the left lung

had been blocked. With the onset of the sensa-

tion of tightness, he became apprehensive and

dyspnoeic. With the release of the block this sen-

sation subsided as suddenly as it had started. An-

other subject stated that when a lung was blocked

at the end of a normal expiration, inspiration im-

mediately became very difficult. After the block

had been present for approximately a minute, in-

spiration became easier and the feeling of tight-

ness diminished.

Patient No. 3 was again investigated three

months after a right upper lobectomy had been

performed. He again exhibited the phenomenon
on both sides but it was not as marked. The pa-

tient stated that by now he was familiar with the

procedure and'did not become as apprehensive.

Nevertheless, the response was still very marked

as can be seen from the table. Although the in-

crease in the functional residual capacity in this

patient was the highest in our series, the phenome-
non as shown in Figure 2 is representative of the

reactions seen in the twenty-one patients in whom

a bilateral response was obtained. On releasing

the block, the return to the previous volume and

respiratory rate was very rapid.

B.:OT'H -"LUNGS' BREAT'HI

.- 2. 5 rnin --.
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FIG. 2. (PATIENT No. 3, TABI.E I) PATIENT \V'ITII
BIILATERAL, LOCALIZED, APICAL DISEASE SIIOwN S ]MARKED
EFFECT ON RESPIRATION \VIIEN FITHER LUNG IS Bi OCKED

Chest x-ray of patient No. 3 revealed bilateral
cavitation, otherwise the parenchynma was clear.

In contrast, Figure 3 (Pt. No. 35, Table I)
shows an absence of the phenomenon on the right
as well as on the left side. On questioning the
patient she related that she too had a feeling of
sudden tightness in the chest accolmipanied by
dyspnoea and she felt that she was gasping. She
differed, however, in the one respect that she knew
which side had been blocked. There is no a)parent
reason from the x-ray why the response to block-
ing should have differed to this extent.

Figure 4 (Pt. No. 26, Table 1) showN5s a uni-
lateral response. Blocking the right lutng in-
creased the minute ventilation, the functional resid-

ual capacity and the respiratory rate of the left
lung, but blocking the left lung elicited no response
except for an increase in the miiinute ventilation of
the right lung. Blocking the right lung induce(d
markedI cyanosis. X-rayvrevealed pulnionary fibro-
sis with basal emphysema, more imiarke(d on the left
side.

Otur series incltudle(d six patienits in whomn the
respiratory function of one lutng was severely re-
duced, with a minute ventilation of less than one
liter. In four of these patients (Pts. No. 28, 29.
30, and 31, Table I) only the poor lung wvas
blocked and no ap)preciable respoinse was elicitedl
(simiiilar to the response seen in Figure 5-A).
However, in the other two patients (Pts. No. 23
anl 25, Table I) we blocked both the right and the
left lung alternately. Blocking the poor lung
(Figure 5-A) yielded no response, but blocking the
good lutng (Figure 5-13) elicited a miiarked response
in both patients.

The mllost striking featture of tlis plhenomeInoIi
occuirring immediately after the blocking of a UIng
is the increase in the fuinctional residuial capacity
an(l in cases where this increase was very marke(d
there wTas ustually anl accompanying increase in
tidlal volume and respiratory rate. In one pa-
tient (Pt. No. 7, L. L., Table I) the ftunctional
resi(ltial capacity did not increase and an acttial
slowing of the respiratory rate occurre(l hut the
increase in the tidal volume was so great and(
the increase began so abruptly after the clamping
of the catheter, tlhait the total resl)onC was COIl-
siclere(d to be the salmie phenomiieinoiu but exxpresse(l

FIG. 3. (PATIENT No. 34, TABLE IV) BLOCKING EITHER THE RIGHT OR
THE LEFT LUNG SIIOwN'S N\O SIGNIFICANT ALTERATION IN TIIE MINUTE VEN-
TILATION, TIIE FUNCTION-Ai RESIDUAL CAPACITY AND THE RESPIRATORYRATE
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EFFECT ON RESPIRATION OF OCCLUSION OF A BRONCHUS

_ FLI1 LE-
m l --V 1-4- - - - --4 -L-I

FIG. 4. (PATIENT No. 25, TABLE II) FUNCTIONAL RESIDUAL CAPACITY
AND RESPIRATORY RATE ARE ALTERED ONLY WHENTHE RIGHT LUNG IS

BLOCKED

in a different form. Another patient (Pt. No.
12, Table I) exhibited only a slight increase in the
functional residual capacity and the tidal volume
was diminished but there was a marked increase
in the respiratory rate and again the change oc-

curred immediately after the application of the
block (Figure 6-A). Patients exhibiting this type
of response, as a rule showed an encased lung lim-
ited in its movement due to extensive pleural
disease.

An increase of the respiratory rate and of the
tidal volume which occurred only after the block
had been applied for some time was not considered
characteristic of the phenomenon under discussion.

fli

1 WT 1

FIG. 5. BLOCKING A LUNG WITH SEVERELY REDUCED
RESPIRATORYFUNCTION HAS No EFFECT ON THE OTHER
LUNG, BUT BLOCKING THE GOODLUNGELICITS A MARKED
RESPONSEIN THE POORLUNG

Of the 34 patients investigated 21 (61 per cent)
exhibited the response bilaterally (Table I). In
seven patients the response was present only on

one side but in two of these only the side which
exhibited the phenomenon was tested. (Table I,

Pts. No. 32 and 33). In four patients only one

lung was tested and no response was elicited (Table
I, Pts. No. 28 to 31). The lung, which was blocked
had very poor function with a minute ventilation
of less than one liter. Only one patient (Pt. No.
35, Table I) showed a complete bilateral absence
of this phenomenon. This failure of response oc-

curred on two different occasions (Figure 3).
If each lung is considered individually, 49 positive
reactions were obtained in the 34 patients and in
42 of the reactions the functional residual ca-

pacity was increased by 27 cc. to 562 cc. All
responses indicated an increase in minute ventila-
tion ranging from 3 per cent to 405 per cent above
the value prior to blocking. The respiratory
rate was increased in 27 out of the 49 positive re-

actions. The most marked increase in respiratory
rate was from 19 per min. before blocking to 33 per

min. immediately after blocking (Table I, Pt. No.
12, L. L.).

During the above investigations a lung was al-
ways blocked at the end of a normal expiration.
Seven patients were studied to determine whether
the response differed if a lung was blocked at the
peak of a forced inspiration. Figure 6 shows the
response obtained in one of the patients (Pt. No.
12, Table I). The left lung was blocked (A) at
the end of a normal expiration and the right lung

RT.
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responded immediately with a greatly increased
respiratory rate, minute ventilation and a small
increase in the functional residual capacity. The
right lung was then blocked (B) at the peak of an
inspiration and the response of the left lung differed
considerably. The respiratory rate accelerated
only toward the end of the block, wshich accounts
for the increase in the minute ventilation. In this
instance the functional residual capacity was
slightly decreased, returning to the normal level
as the block was release(l. The right lung was
again l)locked in full inspiration (C) and the pat-
tern was repeated, showing again a small de-
crease in functional residual capacity. The respira-
tory rate b1 now was a little miiore accelerated.
particularly towardl the endl of the block. Finally
the right lung vas blocked at the en(d of a nor-
mal expiration (D). There was an immedliate
increase in the respiratory rate and a small in-
crease in the functional residual capacity, similar
to the increase wi-hen the left lung was blocked
at the end of a normlal expiration.

The x-ray of this patient showed marked bi-
lateral pleuiral thickening and an elevated right
diaphragm.

It is reasonable to assume that just as the pat-
tern of response after blocking a lung at the end
of a normal expiration can vary, so can the pattern
when the block is iml)osed at the height of an in-
spiration. Nevertheless, each type of block has
its basic pattern. Too few patients have been ex-
amined to characterize this basic pattern, but it

would appear that a decrease of the functional
residual capacity is a prominent feature and prac-
tically all show a slowing of the respiratory rate
during the first minute immediately following the
block in inspiration. The minute volume, as a
rule, increases too as the tidal volume may show a

marked increase.
The sensations experienced wN-hen the lung is

blocked at the peak of a forced inspiration differ
from the feelings experienceI when the lung is
blocked at the end of a normal expiration. There
is not the feeling of tightness nor of dyspnoea even
though there is an increase in mlinute ventilation.
There is a marked desire to empty the lung and in
(loing so, there is no sense of obstruction.

DISCUSSION

The mechanism for the respiratory changes in-
duced by blocking a single lung are not understood.
Hypoxia inducedI by the blocking of a lung appears
not to be resp)onsible for the changed pattern of
respiration because hypoxia is not induced im-
nediately on blocking a lutng, as indicated by the

oxiimieter, whereas the change in the breathing pat-
tern is immediate. Secondly, if hypoxia did pla)
a part, changes in the breathing pattern would
occur while the lutng was breathing pure nitrogen
an(l before the block was applied to this lung.
The possibilitv that retention of carbon dioxide
may be responsible has not been excluded.

Jacobceus and Bruce (4, 10) noticed a decrease
in the functional residutial capacity when they

Fi;. 6. (PATIENT NO. 12, TABLE I) COMPARINGTIIE EFFECTS PRODUCED
WHENBLOCKINGA 1LUNG AT THE ENDOF A NORMALEXPIRATION AND THEN
AT THE PEAK OF A FORCEDINSPIRATION
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EFFECT ON RESPIRATION OF OCCLUSION OF A BRONCHUS

blocked a lung in inspiration and suggested that
this response was due to a change in the mechanics
of respiration causing the tidal air to encroach
upon the reserve air. The mechanism may be as
follows: if one lung is blocked at the end of a
normal expiration, the remaining lung will with
the subsequent inspiration, have a tidal volume
equal to that of the two lungs providing the
mediastinum will shift to such an extent. On ex-
piration, however, the former functional residual
capacity would be resumed. If the block is im-
posed in full inspiration, the remaining lung may
with the subsequent expiration, expire a volume
greater than its inspiratory reserve volume, again
dependent on a freely moving mediastinum, and
maintain this smaller functional residual volume
as the fully distended blocked lung may displace
the mediastinum toward the opposite side.

This mechanism may account for the increase in
tidal volume and in the case where the block is im-
posed in full inspiration, for the decrease in the
functional residual capacity, but does not explain
the change in respiratory rate and the increase in
the functional residual capacity when the block is
imposed at the end of a normal expiration.

Wefavor the hypothesis that this phenomenon
is due to the Hering-Breuer reflex (11, 12). This
reflex would be dependent on the integrity of the
stretch receptors in the lung parenchyma. It is
possible that blocking a lung at the end of a nor-
mal expiration creates a situation in which the
stretch receptors are less stimulated and conse-
quently the inspiratory center is proportionately
less inhibited. This would cause a more active in-
spiration bringing about an increase in tidal volume
and the expiratory effort is decreased resulting
in an increase in the functional residual capacity.
It is conceivable that the respiratory rate would
increase because the more powerful action of the
inspiratory center overcomes the inhibiting effect
of the expiratory center, and thus decreases the
pause which ordinarily follows normal expiration
(13-16). Blocking the lung in inspiration would
have the reverse effect.

Whatever the cause, the phenomenon which oc-
curs following the blocking of a lung appears to
vary in different patients. Although this vari-
ation in many patients appears to depend on the
extent and severity of lung disease, this is not al-
ways the case. In the majority of instances where

an absence of a response was observed, it occurred
when a severely handicapped or almost destroyed
lung was blocked (Pts. No. 28, 29, 30 and 31).
Patients who exhibited marked acceleration of the
respiratory rate during the blocking of a lung, com-
monly presented evidence of ventilatory insuffi-
ciency due to such factors as pleural thickening,
elevated and restricted or paralyzed diaphragm and
thoracoplasty in the unblocked lung.

SUMMARY

1. Blocking one lung at the end of a normal ex-
piration may bring about an immediate increase
in the tidal volume, in the functional residual ca-
pacity and in the respiratory rate in the contra-
lateral lung.

2. Blocking a markedly diseased lung, with a
minute ventilation of less than one liter, fails to
elicit such a response.

3. A lung with ventilatory insufficiency due to
such factors as pleural thickening, elevated and re-
stricted or paralyzed diaphragm and thoracoplasty,
responds with a marked acceleration of the re-
spiratory rate and with minor changes in tidal
volume and functional residual capacity when the
contralateral lung is blocked at the end of a normal
expiration.

4. Blocking one lung at the peak of a forced in-
spiration causes a decrease in the functional resid-
ual capacity and a slowing or maintenance of the
respiratory rate. The tidal volume usually in-
creases.
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