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ter were again conuccted in series and at-
tached to the exhaust tubing of a Bemnnell
MA-1 mechanical ventilator. Six measure-
ments of Vg were made with this system at
four different delivered volumes. The output
of the ventilator was calibrated before, dur-
ing, and after each series of measurements
using a Collins spirometer.

ResurTs

Vital Capacity Measurements. Regression
equations and correlation coefficients for the
disposable spirometer V, data (one observer)
and Wright respirometer V, data vs. the de-
livered giant-syringe volumes are presented in
table 1. Figure 4 is a plot of the disposable
spirometer data. There was good agreement
between the two independent observers who
measured the volumes of gas in the dis-
posable spirometer (correlation coefficient =
0.998). The accuracy of the disposable spi-
rometer compared quite favorably with that
of the Wright respirometer at all delivered
volumes and flow rates. Moreover, the Wright
respirometer was notably flow-dependent,
while the disposable spirometer was not.
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the disposable spirometer Y data and the
Wright respiromcter 'y, data vs. Collins spi-
rometer measurements are presented in tableo
2. Figure 5 is a plot of the disposable spi-
rometer data. Again, the results were at least
as accurate with the disposable device as with
the Wright respirometer.

JumoQ

Discussiox
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On the basis of the above data, it is ap-
parent that accuracy of the disposable Boeh- o
ringer spirometer is more than adequate forg
clinical needs. The new device has the dura- g
bility to be used over the entire hospital 2
course of any given patient. The only obvi- 8
ous disadvantages of the disposable spirome-
ter are: 1) a nonrebreathing valve is needed 2
for Vg determinations in a patient who ls——
breathing spontaneously; 2) Vg is not read 2
directly but must be calculated via nomogram ;
from three tidal volumes plus the respiratory @
rate. (A nomogram for calculating Vg from ‘“
ten tidal volumes is also available for pedi- 5
atric use.) However, the cost advantages of
the new device, its independence of flow rate,
and its elimination of cross-contamination haz-
ards make it an attractive clinical tool for pa-
tients who need intensive respiratory care.
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This study compares mechanical ventilation S
with the ventilating bronchoscope and with
the injection bronchoscope during opemtivei3
bronchoscopy in anesthetized, fully-relased 5 g
patients with regard to: 1) adequacy of pul-o
monary ventilation; 2) pulse and blood-pres-
sure cl 3) time 1 ry for bronchos-
copy; 4) acceptance by the surgeon and anes-
thesiologist.

MEeTHODS
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Forty-two adult patients were selected for R
the study after having given permission for



{\'nasst,h?:lg‘.;y.\l:r 1973
arterial puncture. They were given premedi-
cation in accordance with psychologic need
and physical condition. Most patients re-
ceived meperidine, promethazine, and atropine
one to two hours prior to induction of anes-
thesia. Cannulae were placed in a forearm
vein and a radial artery. Heparinized samples
were withdrawn anaercbically from a radial-
artery cannula prior to the induction of anes-
thesia (control), and 3, 10, 15, and 20 min-
utes after insertion of the bronschoscope or
until the end of bronchoscopy. Anesthesia
was induced with a thiobarbiturate in all
cases. Relaxation was achieved with a bolus
dose of succinylcholine and maintained with
intravenous infusion of 0.2 per cent succinyl-
choline. Patients were alternately assigned to
two groups.

The “ventilating” group consisted of 21 pa-
tients whose ventilation was assisted with a
400 X 8 mm Storz ventilating bronchoscope
similar to that described by Mundnich and
Hoflehner? and by Safar2 (fig. 1). The 17
men and four women in this group had a
mean age of 58 = 14 years and a mean weight
of 68 =13 kg. Suspected or known broncho-
genic carcinoma was the most common indi-
cation for bronchoscopy, being present in 14

Fic. 1. The
sidearm ventilation port is connected

'tube to the Y

+h

The ventilating bronchoscope.
by a rubber
piece. The optical end of the
ope is luded by a 11

eyepiece. Ventilation is accomplished by inter-
mittent compression of the reservoir bag. (Re-
produced by permission of Safar® and ANESTHE-
SIOLOGY. )
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Fic. 2. The injection bronchoscope used in thiso
study. The injector, A, is machined to fit the®
inner bore of the ventilation port of the bronchoo
scope, D. The injector is connected via an off-onty
switch, B, to a reéucing valve, C, for tank oxygen
or directly to the central oxygen supply. The op-3
tical end of the bronchoscope remains open. (Re3
produced by permission of Gerbershagen* anda
Der Anaesthesist.) S

161-C

of the 21 patients. After insertion of the bron-&
choscope, the ventilating port was attached to§
the anesthesia circuit by a short rubber tube,?
and ventilation was accomplished by inter-g
mittent compression of the reservoir bag on}
the anesthesia machine. All patients receivedd
oxygen. Some received nitrous oxide ing
amounts not exceeding 50 per cent of the ineg
haled mixture, and some patients received &
halothane, not exceeding 2 per cent. Respira-3
tory rates and tidal volumes depended on the=
anesthesiologist’s judgment of adequacy ofY
ventilation. Flow rates of oxygen and nitrousS
oxide were always sufficient to keep the reser-g,
voir bag full. Periodic interruptions of venti-Q
lation were necessary when the surgeon re-"
moved the evepiece to suction, irrigate, or
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take biopsies or washings. Each surgical op-
eration was interrupted periodically when it
became necessary to ventilate the patient
again.

The “injection” group consisted of 21 pa-
tients whose ventilation was assisted with a
modification of the injection system originally
described by Sanders.> The injector consisted
of hollow brass attachment, closed at one end,
which exactly fitted the inner bore of the ven-
tilation port of a 400 X 8§ mm Storz broncho-
scope. It was drilled with a 1-mm jet directed
toward the tracheal end of the bronchoscope,
the proper direction being assured by a key-
lock device. The device, which did not inter-
fere with the lumen of the bronchoscope, was
connected over an off-on switch to a reducing
valve adjusted to 3.5 atm (45 Ib/sq in). Fig-
ure 2 is a diagrammatic view of the modified
injection system.§ After insertion of the bron-
choscope, the injection attachment was in-
serted into the ventilation port of the broncho-
scope. The eyepicce was not used, and the
surgeon’s end of the bronchoscope remained
open at all times. The injector, which was
activated by turning the switch on, was found
to deliver 28 cm H,O inspiratory pressure, an
inspiratory flow rate of 140 1/min, and an oxy-
gen concentration of 3540 per cent under
normal circumstances (thus, 3.5 to 4.5 liters
of air were entrained for each liter of oxvgen
injected).* When adequate inspiratory ex-
cursion of the chest was judged to have oc-
curred, the switch was turned off, the patient
was allowed to exhale passively through the
open optical end of the bronchoscope. The
injector was activated 16-20 times per min-
ute. No interruption of either ventilation or
operative endoscopy was necessary, since the
optical end of the scope was always open. As
only oxvgen and air were delivered to the pa-
tient by the injector system, intermittent intra-
venous injections of thiopental were necessary
for maintenance of anesthesia. The 16 men
and five women in this group had a mean age
of 52 + 8§ years and a mean weight of 73 = 12

¢ The injector described was made in the anes-
thsmlogy workshop, University Clinic, Mainz,
Cermany, although commercial injectors are now
available from Storz and Pilling for almost all
types of bronchoscopes.
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kg. Known or suspected bronchogenic carcly
noma was the most common indication fcs-
bronchoscopy in this group also.

The rise and fall of the chest during eac§

respiratory excursion were observed. Pulse
rates and mean arterial pressures (mean
SD) were recorded for the various time pér
riods. Arterial blood samples were iced and
analyzed by the Astrup technique within th
hours.

The ventilating group was compared \vxth
the injection group at the various time intess
vals after bronchoscope insertion, using St
dent’s t test.> The groups were also compare
with their respective controls at the various
time intervals using the t test for paired data®
Patients in the two groups whose bronchos3
copies were not completed by the end of th:
20-minute tme interval were compared usin,
the likelihood ratio and Pearson c]u-squarg
testing of row—column interdependence.¢ CorE
fidence limits of 95 per cent (P < 0.05) and
99 per cent (P < 0.01) were used t]lroughoué-

Outpatients were followed until awake, zmd
inpatients were visited on the following da\Q
Surgeons and anesthesiologists were asked tg
express their opinions about the comparative
value of the two systems.

"R OIFA|
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ResuLTs
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Significant progressive respiratory acidosi:
developed in the ventilating group beginning
5 minutes after insertion of the bronchoscop&
and continuing until the end of the pmceduré
or until the last sample was taken at 20 mln
utes (table 1). Pagg.’s of more than 50 tom
appeared in 60 per cent of the venb]ahn@
group; the highest Paco, observed was 9]8
torr. These findings were in sharp contrast t@
the normal mean pH and Paco, values in the)
injection group, in which Pace.’s of more thark
50 torr were observed in only 14 per cent :m(E
the highest value found was 37 torr.

Control Pay,’s in the two groups of patlentg’.
breathing room air were not significantly difS
ferent. In subsequent samples, Pag.’s were)
higher than those in the control samples, bein%
highest at 5 minutes and decreasing pmgres—
sively toward control during the next 15 mmo
utes. The higher inspired oxygen concentra’®
tion in the ventilating group (50 per cent)
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TasLE 1. Blood-Gas Values with Ventilating and Injection Bronchoscopes (Mean == SD)
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Minutes after Insertion of the Bronchoscope

Control
3 10 13 20
Ventilating n=21 n=19 n =18 n =10 n=_§
piL 749 £ 005 732 4 0.8t 731 = 0087 | 727 2= 0.06F | 7.25 & 0.05f
Paco: (torr) $Sx6 49 = 111 48 =+ 10} 35 == 151 60 = 111
Puo- (torr) $1x+9 196 == 75* 176 = 671 173 %= 631 45 £ 5¢*
Injection n =21 n =21 n =20 n=9 n=2
738 £ 0.06 736 = 0.05 7.36 = 0.06 747 £ 0.06 747 £ 0.0
Pacos (torr) 388 388 38 %= 10 38 &= 10 R R EY
Pao: (torr) 81 %12 171 = 417 16 =% 36} 123 == 29% 96 =4
*P <005,
P <001

TabLi 2. Mean Arterial Pressures (MAP) and Pulse Rates (P) (&=5D) before Anesthesin

and 3, 10, 13, and 20 Minutes after Insertion of the Bronchoscopes

Control 5 min 10 min 135 wmin 20 min
Ventilating
MAP (torr) 96 =8 106 2= 5 102 % 4 103 =5 96 £ 3
P (/min) 813 97 =35 103 & 3 1023 103 x5
Injection
MAP (torr) 98 109 =9 105 %9 91 %1 —
P (/min) 813 0223 91 23 93 =6 -

TasLE 3. Comparison of Weighted Mean Blood-Gas Values with Ventilating

and Injection Bronchoscopes*

Cuntrol During Bronchoscopy
n
pll Pacos Pao: pH Paco: Pao:

Ventilating

MMorales? 11 .39 40 7S 725 80 300

Giesecke (present study) | 21 740 38 84 31 18 176
Weighted mean 32 740 39 82 729 60 220
Injection

Mette® 20 —_ 38 80 — 32 200

Morales® 14 739 40 98 735 42 200

Pender* 11 741 40 77 47 32 28

Giesecke (present study) | 21 738 38 81 7.36 38 146
Weighted mean 66 .39 39 S4 .38 36 187

* All values were rounded to the same decimal place to facilitate comparison. The values presented for
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“during bronchoscopy” are Morales” 8-minute figures and Giesecke's 10-minute figures. Pender’s and
Mette’s “during” samples were taken at times ranging from 5 to 30 minutes.
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than in the injection group (35 per cent) pro-
duced predictably higher Pag, values in the
ventilating group, although values in both
groups were higher than those in control sam-
ples. These changes, although statistically sig-
nificant, are not considered clinically SIgmﬁ-
cant, since no patient had a Pag, below con-
trol Jevels during bronchoscopy.

Table 2 shows the mean arterial pressures
and pulse rates in the two groups during the
period of study. There were progressive in-
creases in pulse rate and mean arterial pres-
sure of patients in both groups. These eleva-
tions achieved statistical significance in the
ventilating group but, in our opinion, are not
clinically significant.

Reference to table 1 indicates the duration
of the procedure by showing the number of
patients in each group whose bronchoscopies
were not yet completed at the end of the
specified time interval (n); for example, in
the ventilating group after 20 minutes, eight
bronchoscopies had not yet been completed
and 13 had been completed. The comparison
shows a significant difference between the
numbers of bronchoscopies completed in 20
minutes or less in the two groups: a signifi-
cantly larger proportion in the ventilating
group took longer than 20 minutes.

Although no formalized technique was used
to screen opinions, we feel that the advantages
of the two techniques reported by the endos-
copists and anesthesiologists can be of value
to the clinician. The following advantages
were listed for the ventilating system:

1) Exhaled air is returned to the anesthesia
circuit and not released into the operating
room or into the endoscopist’s face, espe-
cially important in bronchoscopy of patients
with active tuberculosis. Most
preferred to wear a plastic face shield when
using the injection bronchoscope.
2) Appm\nnnhon of the tidal \olume and
minute are with
the usual m—cm:u:t \enblntmn ‘meter { Drager
or Wright).
3) Estimation of lung compliance from the
during com-
pression of the reservoir bag is possible.

4) Maintenance of anesthesia with inhalation
agents is possible.

5) The ventilating system is quiet. The jet
of oxygen from the injector is noisy. Endos-
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copists complained of being distracted or
startled by the noise on the first occasion of
use. Fewer complaints were received as
more experience was gained,

The following advantages were listed fo
the injection system.

1) The system is capable of providing con-
tinuous uninterrupted ventilation throughout
the duration of the surgical procedure.

2) The end ¥ist can work ically
and continuously without fear of ventilatory
insufficiency. The overall time needed for
bronchoscopy is thereby reduced.

3) Operation of the system is simple. It is
easier to push the button than to squeeze the
bag. Incorporation of a foot-switch or an
automatic How interruptor® has been pro-
posed to simplify the procedure further.

4) Pulmonary ventilation as reflected by ar-
terial pH and carbon dioxide tension is more
efficient with the injection system.

Discussiox
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Anesthesia for bronchoscopy has been ang
actively discussed subject for many years. AI-—~
though many techniques for ventilatory sup-&
port have been used in the past, none has3
been consistently effective in preventing eitherg
hypoxia or respiratory acidosis. Adequate;
ventilation can be achieved with the ventllnt-
ing bronchoscope only so long as the ophml\l
end of the bronchoscope is closed. Tidal vol-o
ume, respiratory rate and flow rate must be3
adequate. Our data (table 2) confirm obser-
vations of Morales® that what the anesthesx-
ologist thinks are appropriate tidal volumes(,,
and respiratory rates frequently are not ade-o
quate to prevent respiratory acidosis durmgD
use of the ventilating bronchoscope. ]

The development of the injection svstemo
for mechanical ventilation by Sanders in 1967 N
provided a new and valuable approach \v}uchn
allows simultaneous, uninterrupted conduct ofS
both ventilation and endoscopy. Our data@
confirm the observations of Mette,$ Morales%
and Pender?® that pH, Pago, and Pag, can§
be maintained in a physiologic range during2
therapeutic or diagnostic bronchoscopy. Tox
facilitate comparison of ventilatory values dur-2
ing use of the ventilating and the injection
systems, published data and our data are pre-X
sented in table 3.
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HEMODYNAMIC EFFECTS OF MECHANICAL VENTILATION Using
normal, spontaneously delivered or prematurely delivered lambs with respiratory
distress, the authors studied the effects of positive- and negative-pressure ventilation
on hemodynamic function. Determinations included cardiac output, shunt pattern
through the foramen ovale and ductus arteriosus, and systemic and pulmonary arte-
rial pressures. Seven lambs with “respiratory distress” were treated with periods
of spontaneous breathing or mechanical ventilation using either a positive-pressure
(Engstrom) or a negative-pressure (Air-Shields) ventilator. Lambs with respira-
tory distress had significantly lower cardiac outputs and higher pulmonary arterial
pressures, with increased right-to-left shunts at the foramen ovale level, compared
with the control, full-term animals. The effects of mechanical ventilation were
similar in both groups and included significant decreases in cardiac output without
significant change in shunt pattern or systemic arterial blood pressure. No differ-
ence between the effects of positive- and negative-pressure ventilation on cardiac
output or vascular pressures at comparable levels of ventilation was demonstrable.
There was no evidence of a progressive decrease in cardiac output as tidal volume
was increased to as high as 108 ml/kg body weight.

No correlation between cardiac output and Pace,, as had been suggested in other
experiments, was found. Similarly, no correlation between arterial pH and cardiac
output could be shown to exist in either normal or distressed lambs.

A previous study in newborn humans in which the magnitude of right-to-left
shunting during periods of spontaneous breathing and with mechanical ventilation
were compared showed a marked reduction in right-to-left shunt when a negative-
pressure phase was added to the ventilation pattern. The present study could not
confirm this finding. The authors suggest that diminution of the right-to-left shunt
through the ductus arteriosus and foramen ovale secondary to mechanical ventila-
tion is caused by a change in hydrogen-ion concentration and oxygenation. (Shep-
ard, F. M., and others: Hemodynamic Effects of Mechanical Ventilation in Normal
and Distressed Newborn Lambs—A Comparison of Negative Pressure and Positive
Pressure Respi , Biol. N te 19: 83-100, 1971.)
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