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It is becoming increasingly evident that there
are certain dangers associated with obstetrical
analgesia. Montgomery (1) investigated ma-
ternal mortality in Philadelphia and concluded
that pentobarbital sodium was a significant factor.
Gruber (2) emphasizes the dangers associated
with anesthetic doses of the barbiturates, i.e., de-
pression of the cardiorespiratory mechanism and
diminution of tonus in smooth muscle (bladder,
ureter, and uterus). Acute pulmonary edema
may result from toxic doses or even therapeutic
doses in individuals with an idiosyncrasy. Hen-
derson (3) considers all narcotics and hypnotics
used to produce obstetrical analgesia respiratory
depressants, affecting the baby more than the
mother. The barbiturates are particularly dan-
gerous because of the diminution of sensitivity
to the normal respiratory stimulus-carbon di-
oxide. He believes they can be administered
safely only in doses large enough to relieve anx-
iety.

This study was initiated as an attempt to deter-
mine the effects of the barbiturates on the respira-
tory mechanism of the normal parturient woman.
It includes the following lines of investigation:
(1) lung volume; (2) x-ray mensuration of dia-
phragm levels; (3) external measurements of the
chest; and (4) intra-abdominal pressure.

LUNG VOLUME

Lung volume is an indicator of the functional
status of the cardiorespiratory mechanism. Vital
capacity has been utilized as an index of lung
volume and variable results have been obtained.
Alward (4) found a gradual reduction of vital
capacity in the last month of pregnancy, a sharp
reduction following delivery, and a gradual re-
turn to normal limits by the tenth postpartum
day. Landt and Benjamin (5) found no signifi-

1 This study was carried out under Grant 424 of the
Committee on Scientific Research of the American Medi-
cal Association.

cant trend during the course of pregnancy al-
though there was a monthly variation of 100 to
300 cc. from the mean. This was considered to
be within normal limits. Thomson and Cohen
(6) report a slight but usually progressive in-
crease before delivery which could be correlated
with a widening of the subcostal angle and was
thought to be a direct result of mechanical al-
terations of thoracic volume. Vital capacity rep-
resents only one portion of the total lung volume
and does not necessarily reflect similar changes
in the other components (Figure 1). Christie
(7) has devised a technique whereby all of the
components of lung volume can be determined.
A presentation of the following material will be
simplified by definitions taken from Christie's
paper.

Vital capacity is the volume of air that can be forced
out of the lungs by maximum expiration following the
fullest inspiration.

Tidal air is the volume of air expired by a breath of
average size.

Subtidal air is the volume of air remaining in the lungs
after a normal expiration.

Residual air is the volume of air remaining in the
lungs following maximum expiration.

Complemental air is the amount of air inspired from
the height of a normal inspiration to maximum inflation.

Reserve air is the volume of air expired from a normal
expiration to maximum deflation.

Total capacity is the sum of vital capacity and residual
air.

PROCEDURE

Complete lung volume studies were made on seventeen
patients who were delivered on the obstetrical service of
the Albany Hospital. The determination of the subtidal
air, using Christie's technique, was made with the patient
in a supine position, the arms resting at the sides, and the
head supported by one pillow. Care was taken to prevent
heavy bed clothing from resting upon the abdomen or
chest. Binders were unpinned. Vital capacity studies
were then performed with the patient in the same care-
fully controlled position. The complementary and sup-
plementary (reserve air) volumes were computed from
the vital capacity. Residual air was determined by sub-
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FIG. 1. LUNGVOLUMEAND ITS SUBDIVISIONS
Total lung volume and its subdivisions are expressed in liters. Absolute values

are taken from Hurtado et al. (15).

tracting the reserve air from the subtidal air. Patients
were examined under basal conditions insofar as possible.
Determinations were made before delivery and at vary-
ing stages of the puerperium. The first three days after
delivery were investigated more intensely than other
stages of the postpartum period because maximum
changes occur soon after delivery. Results were ex-
pressed in terms of percentage of normal lung volume
which was arbitrarily taken, because ol Alward's findings,
as that found on the tenth postpartum day. Duplicate
analyses were always obtained. All volumes were cor-
rected to 37° C. saturated with water vapor.

Sixteen patients of the series investigated were de-
livered through the pelvis. This group can be divided
into the following sub-groups: (a) four patients were
delivered without analgesia or anesthesia; (b) eight pa-
tients were given one of the barbiturates and scopolamine
during labor and ether anesthesia at delivery; (c) two
patients were given one of the barbiturates and scopo-
lamine during labor but no anesthesia at delivery; and
(d) two patients had no analgesic drugs during labor
but were given ether anesthesia at delivery. The barbi-
turates administered during labor were seconal, sodium
amytal, and pentobarbital sodium. Twelve grains of
sodium amytal was the largest dosage used. There was
a single patient delivered by cesarean section. Atropine
grains 1/150 was given preoperatively and gas-oxygen-
ether was used as the anesthetic.

RESULTS

The total lung volume shows no significant
change although the vital capacity tends to in-
crease slightly in the latter part of pregnancy.
The average value for all vital capacity determina-
tions made during the last month of pregnancy
was seven per cent above normal in this series
(Figure 2).

Patients delivered without analgesia or anes-
thesia showed either no significant changes or an
increase of the total lung volume and its com-
ponents during the first week following delivery.

Barbiturate and scopolamine analgesia during
labor plus ether anesthesia at delivery results in
an eight to ten per cent reduction of total volume,
functional residual air (subtidal air) and vital
capacity as late as the fourth and fifth days of
the puerperium. The reduction of vital capacity
is actually fifteen to twenty per cent below the
antepartum level. The reduction of lung volume
is even more striking in the first twenty-four hours
after delivery when depression is maximum.

Barbiturates alone decreased the total volume

158



BARBITURATESDURING LABOR

TOTAL SIJBTIDAL VITAL COMPLE- TIDAL RESERVERESIDUAL
IVOLUME VOLUME[CAPACITYIMENTAL Ai AIR I AIR I AIR

IL )
o +

> NORMAL-
-10
-20

+25

+15

NORMALE.f. .e *U E m i

Co.4Z -10
S ~~-20

-30

+20

z

c4 +10 E I
1- CNORMAL m -- -

OW O -10II

cc ~-20

0nk~ +530a

Z +~~20
Dc5rO.I D5ID5I+5O5I D 51

FI.2 u FETOBwnIA.AAGSAO UGVLM
VetcllnsdsintdaoD epeetdlvr f hain.Te>oa ugvlm

an it copnnshv enepesdi em fpretgfNORMALwhcwatke
arirrl sta au bando h et otatmdy

and the subtidal air but the vital capacity re-
mained unaffected.

Ether anesthesia alone decreased the total vol-
ume, subtidal air, and vital capacity, but the re-
duction was less than that brought about by a
combination of analgesia and anesthesia.

The patient delivered by cesarean section
showed a marked reduction of vital capacity fol-
lowing delivery with a proportionately smaller
reduction of total volume. These results indi-
cate the effects of postoperative pain and posture
associated with laparotomy.
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Cesarean section reduced the vital capacity
markedly. On the other hand, the functional
residual air (subtidal volume) increased. An in-
crease of the residual air, which is one of the
components of the subtidal volume, compensated
for the reduction of vital capacity. The total
lung volume therefore was not diminished as
much as the vital capacity (Table I).

TABLE I

The effect of cesarean section on lung volume and its
components

Total Sub- Vital Com- Supple- Re-
Stage Vol- tidal pe- Tidl mental sidualStagel-it mental air

ai iueume air

cc. cc. cc. cc. cc. cc. cc.
Antepartum 3030 2273 543 213
Postpartum

7 hours.. . 3426 2537 974 444 445 85 2452
Postpartum

3 days.... 4706 2915 1949 1429 372 175 2740
Postpartum

6 days.... 4211 2471 1973 1432 308 233 2238
Postpartum

12 days... 2191 1626 347 217
Postpartum

20 days... 4404 2156 2659 1967 281 411 1745
Postpartum

7 weeks.. 5015 2486 2897 2226 303 368 2118

External measurements of the chest
Since the lungs are encased in a bony cage-

the thorax-some light may be thrown on the
physiology of respiration during pregnancy and
the puerperium by measurements of the size of
the chest (Figure 3). The external measure-

ments have been expressed in terms of percentage

of normal. The values for circumference and
diameter found on the tenth postpartum day
were taken as normals. Measurements were

made at the level of the submammary crease.

The anteroposterior diameter of the chest was

fifteen to twenty per cent above normal during
the last two weeks of pregnancy. The circum-
ference was increased approximately ten per cent.
Wehave seen that total lung volume remains es-

sentially unchanged during pregnancy in spite of
an apparent increase in the size of the thoracic
cavity. Flaring of the ribs may therefore be a

mechanical factor which compensates for a cepha-
lic displacement of the diaphragm by the advanc-
ing pregnancy.

X-ray mensuration of diaphragm levels

Landt and Benjamin (5) have observed ele-
vation of the diaphragm from the fourth month
on. By the middle of pregnancy the elevation
averaged two centimeters above normal at the
end of -deep inspiration. McGintry (8) found
higher diaphragm levels and a greater excursion
antepartum than postpartum. Lewis (9) has
demonstrated experimentally the importance of
activity of the diaphragm in maintaining the nor-

mal relationship between intra-abdominal and in-
trathoracic pressures.

Immediately following delivery a descent of
the diaphragm occurs which is of great impor-
tance as this increases intra-abdominal pressure
and restores a normal balance. Case 1 delivered
without analgesia or anesthesia demonstrated a
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FIG. 3. EXTERNALMEASUREMENTSOF THE CHEST
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descent of the diaphragm measuring 1.6 cm. four
hours after delivery. Case 4 similarly delivered
showed a descent of 3.2 cm. one hour after de-
livery. Descent of the diaphragm was retarded
by the depression associated with analgesic drugs
during labor and anesthesia at delivery.

Figure 4 illustrates the alterations in diaphragm
levels during pregnancy and the puerperium.
Roentgenograms were taken at the end of maxi-
muminflation and maximum deflation. The first
three cases were x-rayed at 84 inches with the
patient always in a sitting position. The re-
mainder were x-rayed in a supine position with
the distance from target of the Coolidge tube to
the plate kept constant at 30 inches. Measure-
ments were made from the first rib to the dome
of the diaphragm and are expressed in centi-
meters. "E " represents expiration and " I " in-
spiration. The cross-hatched area represents the
excursion of the diaphragm.

Intra-abdominal pressure
Coombs (10) considers the intra-abdominal

pressure lower during pregnancy than under nor-
mal conditions in spite of an increase in the con-
tents of the abdominal cavity. Schatz (11) sug-
gests that there is an adjustment of the abdominal
muscles to compensate for distention of the preg-
nant uterus. Emerson (12) concludes from ani-
mal experimentation that normally intra-abdom-
inal pressure is above atmospheric pressure and
fluctuates with the respiratory excursion of the
diaphragm and thorax. Thereri-s a decrease of
intra-abdominal pressure whenever the tone of
the diaphragm and abdominal muscles is dimin-
ished. Following delivery we have observed a
diminished respiratory excursion in spite of the
fact that the diaphragm has less resistance to
contract against. Due to failure of the abdominal
recoil expiration is only partially accomplished.

A bag measuring one and one-half inches in
diameter by three inches in length was made of the
same non-distensible material as is used in Voor-
hees' bags. This was attached to a mercury man-
ometer by means of a rigid rubber tube which
would transmit pressure changes only in its long
axis. The bag was distended with water by
means of a burette attached to the upright arm
of the manometer. The system was adjusted so

that the mercury levels in the U-tube were equal
when the bag was at the level of the rectum.
The bag was then deflated, inserted into the large
bowel and reinflated with an equal quantity of
water. Pressures were expressed in millimeters
of mercury.

Intrarectal pressure readings were performed
on five patients in an attempt to ascertain indi-
rectly the changes in intra-abdominal pressure
which follow delivery (Table II). There was

TABLE II

Intrarectal pressure readings

Intra-
Patient Stage rectal Reduction

pressure

mm. Hg Per cent
Mrs. L. Antepartum 24

1 hour postpartum 12 50
1 month postpartum 36

Mrs. DeM..... Antepartum 22
1 hour postpartum 17 77

Mrs. G. Antepartum 17
1 hour postpartum 7 41
10 days postpartum 18

Mrs. F. C...... Antepartum 26
1 hour postpartum 20 77

Mrs. M. M..... Antepartum 28
3 hours postpartum 17 61

roughly a fifty per cent reduction in intrarectal
pressure immediately following delivery. Weisker
(13) considers the pressure in hollow viscera to
be independent of intra-abdominal pressure be-
cause wide variations occur in the contents of
the cavity and elasticity of its wall. Neverthe-
less, it seems reasonable that intra-abdominal pres-
sure should decrease following delivery because
of the sudden alteration in the size of the uterus
after expulsion of the products of conception
thereby decreasing the contents of the abdominal
cavity.

DISCUSSION

Vital capacity is considered a fair index of
cardiac and respiratory function. In attempting
to measure this component of the total lung vol-
ume during pregnancy and the puerperium it is
necessary to take into consideration all extraneous
factors which may have an effect such as fatigue,
posture, sedation, etc. A patient who is given
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no analgesia or anesthesia should not be compared
with patients depressed by such measures. From
experimental evidence it seems reasonable to as-
sume that after the exclusion of the reduction
that results from fatigue of a long labor, which
may be negligible, there is no significant change
'in the vital capacity following pelvic delivery pro-
vided labor is conducted without analgesia and
delivery is carried out without anesthesia. If,
on the other hand, barbiturates and scopolamine
are administered during labor and ether is given
at delivery, there is a significant reduction of the
vital capacity below the antepartum level. If we
take into account an abdominal operation such as
cesarean section we observe a rather marked re-
duction of vital capacity but the decrease of total
lung volume is proportionately much less.

There would seem to be a mechanism which
prevents a serious reduction of the functional
residual air (subtidal volume) following delivery,
whether pelvic or abdominal in type. A reduc-
tion of intra-abdominal pressure after delivery
and a subsequent descent of the diaphragm are
undoubtedly significant factors. The diaphragm
is the most important muscle of respiration since
it is the direct expander of the lower lobes. Its
position and excursion are closely linked with the
relationship between intra-abdominal and intra-
thoracic pressures. Prinzmetal and Kountz (14)
record a moderate rise of the intrapleural pres-
sure late in pregnancy owing to ascent of the
diaphragm. Following delivery, the decrease of
intra-abdominal pressure is compensated for by
descent of the diaphragm which results in a rise
of pressure during inspiration. If diaphragmatic
activity and descent are diminished by loss of
tonus caused by excessive dosage of drugs dur-
ing labor, this mechanism is disturbed and the
intra-abdominal pressure will approach the intra-
pleural pressure. Efficient respiration depends
upon the pressure in the pleural cavity being much
more negative than that in the peritoneal cavity.
Without this pressure difference elevation of the
diaphragm during expiration will be greatly lim-
ited. The retardation in descent of the dia-
phragm in patients given barbiturates during labor
permits deflation of the lungs, accumulation of
mucus and closure of bronchi. Absorption of
air from the occluded areas results in atelectasis.
Tonus of the diaphragm and thoracic muscles

keeps the lungs and thorax expanded and pre-
vents atelectasis.

CONCLUSIONS

1. Lung volume determinations, using Christie's
technique, were performed on a limited number
of puerperal patients. Determinations were made
at varying stages of pregnancy and the puer-
perium.

2. The total lung volume shows no significant
alterations as a result of pregnancy.

3. The vital capacity normally increases slightly
in the antepartum period. If labor is conducted
without analgesia and delivery is performed with-
out anesthesia there is a moderate reduction in
this component of the total lung volume following
delivery which rapidly returns to normal.

4. Respiratory depression resulting from large
doses of analgesic drugs during labor or profound
anesthesia at delivery will alter the cardiorespira-
tory mechanism so that the vital capacity is mark-
edly reduced in the postpartum period and its
return to normal is delayed.

5. Cesarean section is accompanied by a marked
reduction of vital capacity and a proportionately
smaller reduction of total volume.

6. Alterations of thoracic volume from flaring
of the costal margins compensates for a cephalic
displacement of the diaphragm by the advancing
pregnancy. The total lung volume is thereby
maintained at approximately its normal level.

7. An increased excursion of the diaphragm
as pregnancy advances assists in maintaining nor-
mal aeration of the lungs and compensates for
any possible atelectasis of the lung bases as a
result of compression by the encroaching dia-
phragm.

8. Descent of the diaphragm following delivery
results in a rise of intra-abdominal pressure dur-
ing inspiration thereby assisting the respiratory
mechanism which otherwise would be embarrassed
by the reduction of expiration owing to failure
of the abdominal recoil. Experimental evidence
suggests that diaphragmatic activity and descent
are diminished by loss of tonus resulting from
excessive dosage of drugs during labor.

9. Barbiturates are respiratory depressants and
should not be used in doses that will produce
more than a sedative effect during labor.
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