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Heartburn is a burning, often hot sensation
which may localize in the throat or substernal re-
gion. It is especially common during pregnancy.
Gastroesophageal reflux and neuromuscular dys-
function of the esophagus have been suggested as
underlying pathophysiological mechanisms, but
contradictory evidence has prevented a clear defini-
tion of the cause of heartburn.

A prospective clinical study of 560 pregnant
women disclosed that 50 per cent developed heart-
burn which invariably disappeared after delivery
(1). The self-limited character of pregnancy
makes it an ideal experimental period during
which to study heartburn. Transducer pressure
recordings of esophageal motility are well adapted
to such a study.

This paper reports the results of serial esopha-
geal motility studies in pregnant women with and
without heartburn and in a group of asymptomatic
normal women of similar age.

METHODS

Subjects. Fifty-seven esophageal motility studies were
performed on 20 pregnant women who complained of
heartburn during pregnancy. The 8 primiparae and 12
multiparae ranged in age from 16 to 39 years, with an
average age of 28. Similarly, 63 recordings were ob-
tained from 19 pregnant women who never developed
heartburn throughout pregnancy; in this group were 10
primiparae and 9 multiparae, 20 to 35 years old, with an
average age of 26. Each women was studied at least
once during and after pregnancy, but the total number
of studies in each subj ect depended on the month of
pregnancy when the patient was first seen. Fourteen
asymptomatic normal nonpregnant women, 22 to 44 years
old, with an average age of 26, served as controls; each
subject was studied 6 times at monthly intervals.

Technique. The technique of recording esophageal
motility utilizes 3 polyethylene catheters, each with an
internal diameter of 1.5 mm, which are fastened together
and sealed at the tips. A single lateral opening in each

* Supported in part by United States Public Health
Service Grants C2578, A1785, and A3473 and the Nor-
wich Chapter of the Connecticut Heart Association.

at 5-cm intervals permits simultaneous recording of
pressure changes developing from 3 sites within the
esophagus and its sphincters. The catheters are water-
filled and transmit pressures to 3 Sanborn electroma-
nometers, the changes in pressure being recorded on a
Sanborn multi-channel direct writing recorder. During
every recording the vertical position of the electromanom-
eters is readjusted to the same level as the subject's
esophagus. This minimizes any hydrostatic effect and
permits consistency in serial recording techniques.
Swallowing is signaled by simultaneous recordings of
laryngeal movement by means of a specially adapted San-
born pulse wave attachment placed on the skin adjacent
to the thyroid cartilage. A pneumographic belt around
the chest indicates respiratory movements.

Patients fast for a minimum of 6 hours prior to exam-
ination. The catheters are passed through the mouth
into the stomach without the use of a local anesthetic.
With the patient supine, they are withdrawn, centimeter
by centimeter, while pressure changes are continuously
recorded in the resting state, and also following a "dry"
swallow and the ingestion of approximately 10 ml of
water.

When the tip of the catheter lies below the diaphragm,
inspiration produces a positive pressure response which
reflects increased intra-abdominal pressure. When the
tip is above the diaphragm, the normal decrease in pres-
sure in the thorax on inspiration produces a negative de-
flection. This point of pressure reversal occurs at the
diaphragm and is called the "effective diaphragmatic
hiatus." This convenient physiological landmark per-
mits localization of the catheters without the use of
X-ray or fluoroscopy.

All records are analyzed in a uniform manner. The
zero point is the pressure recorded from the stomach 5
cm distal to the point of respiratory reversal in each
subject. The catheters are held in this position, as much
as possible, by a trained technician to avoid any vertical
movement. The fundal esophageal pressure gradient is
obtained by subtracting the mean resting intra-esophageal
pressure from the mean resting fundal or zero pressure.
A high pressure zone from 1 to 4 cm long, extending
usually from just below the effective diaphragmatic hiatus
to a point 1 to 2 cm above it, functions as an intrinsic
sphincter mechanism and is called the inferior esophageal
sphincter or vestibule (2-5). Sphincter tone is recorded
as the mean resting end-expiratory pressure, which is
represented by the pressure gradient between the fundus
of the stomach and the sphincter during expiration.
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The best defined resting pressure recorded during with-
drawal of the 3 catheters through the sphincter was se-
lected as representative. Relative to resting sphincter
pressure, negative and positive readings in this zone de-
velop in response to deglutition and are believed to rep-
resent relaxation and contraction of the sphincter, re-
spectively; these are expressed only in qualitative terms.
Primary peristalsis (Figure 2A) is represented by the
peak positive pressures produced by the muscular con-
traction moving down the esophagus in response to swal-
lowing (6-10). Both maximal and mean pressures from
the middle third of the esophagus are tabulated. Sec-
ondary peristalsis (Figure 1) differs from primary peri-
stalsis only in the mode of initiation; primary peristaltic
waves follow deglutition while secondary peristaltic
waves are initiated by distention (11-13). The frequency
of nonpropulsive responses to swallowing (Figure 2B,
C) is expressed as a percentage of the total number of
swallows. An effort was made to standardize the num-
ber of swallows per recording, but a few individuals
were less cooperative and swallowed more often. We
have arbitrarily considered nonpropulsive responses to
more than 25 per cent of the swallows as abnormal.
This is based upon the observation that almost all of
our asymptomatic, young, normal control subjects had
less than this percentage of nonpropulsive responses to
swallowing. Spontaneous nonpropulsive contractions
(Figure 2D) are designated as "only a few" (less than 10
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FIG. 1. ELECTROMANOMETRICRECORDINGOF A SECOND-
ARY PERISTALTIC WAVE. This secondary peristaltic wave
is propulsive but not preceded by a swallow, which is the
only differentiating feature from the primary peristaltic
wave that follows swallowing (Figure 2A). The num-
bers on the left are distances from the incisors. The re-
cording speed used in Figures 1 through 8 was 2.5 mm
per second.

E n
W

tc r........
t ..A. .

. ... . . . .

.T
Go?OWW

1- h 1!
::: 1\
WJ'ttetw
S7a>

s1

13<cH

t :^
} ...: \

LLEanew__

Ip 5AuioLi Lio~~~~~~~~
E~' il ;4r.ub s tIn'c T R

| .:-:.:: :1,

.-........

. ....
Jt AA,4

-D
. .. . .

. .. .... ....

.. .... .. T....
. ........................ .....

:.
........ ....... .......

. ... -- --1 i hi ......-...
':..:'. .' .. .. .d .....'-'-- ...

...

.._........
------N o_

. --------------o ------. ......

.
,Ls l..

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

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

FIG. 2. TYPICAL ESOPHAGEALRESPONSESOF VARIOUS PREGNANTWOMEN. A) Normal propulsive response to a
"dry" swallow; B) nonpropulsive response to a "dry" swallow; C) nonpropulsive repetitive response to a "dry"
swallow; D) nonpropulsive repetitive response not preceded by a swallow; E) diffuse esophageal spasm after a
"dry" swallow. The numbers on the left of each panel are distances from the incisors.
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TABLE I

Control subjects *

Inf.
esoph.

sph.
Fundal Mean Peristaltic press. Nonprop. cont.
esoph. rest. Middle i esoph.

Study press. end-exp. %Total Not prec. by
Subject Age no. grad. press. Max. Mean swallows swallow

yrs mmHg mmHg
P.C. 23 1 4 16 55 40 <5 0

2 4 15 45 35 <5 Few
3 5 12 45 25 0 0
4 4 15 40 25 0 Few
5 4 15 50 25 <5 Few
6 5 12 50 30 0 0

A.M. 24 1 5 12 50 35 25 0
2 6 10 45 35 33 0
3 5 10 40 20 20 0
4 5 14 50 35 0 0
5 5 10 40 25 0 0
6 5 10 45 30 20 0

M.H. 22 1 3 9 45 35 0 0
2 2 8 45 30 <5 0
3 3 9 40 30 0 0
4 2 10 45 30 <5 0
5 3 8 45 25 10 0
6 2 10 40 25 0 0

L.H. 34 1 2 4 90 50 <5 0
2 2 6 70 30 <5 0
3 2 5 60 45 0 0
4 2 5 60 30 0 0
5 3 5 50 35 0 0
6 2 6 55 40 0 0

D.G. 44 1 3 14 60 40 33 Many
2 3 12 50 35 10 Few
3 3 12 50 35 50 Few
4 4 13 50 40 33 Many
5 4 10 45 30 0 Few
6 4 12 50 25 20 Few

E.L. 23 1 4 9 45 30 5 0
2 4 10 35 25 5 0
3 5 14 45 25 <5 0
4 4 9 35 25 0 0
5 4 12 35 20 0 0
6 5 10 35 20 5 0

H.N. 22 1 4 10 55 40 0 0
2 3 9 50 40 <5 0
5 3 9 60 45 0 0
4 3 11 70 40 <5 0
5 4 9 65 45 0 0
6 3 10 50 35 0 0

A.M. 27 1 6 5 50 35 40 0
2 7 8 50 35 67 Few
3 6 5 55 35 67 Many
4 7 8 55 35 33 Few
5 7 7 45 30 40 Few
6 7 8 45 25 5 0

F.M. 27 1 2 1 45 25 0 0
2 2 3 45 20 0 0
3 2 2 45 25 60 0
4 3 1 45 30 0 0
5 3 2 45 30 40 0
6 2 2 40 20 0 0

* No diffuse spasm or secondary peristalsis occurred in any of the control subjects.
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TABLE i-( Continued)

Inf.
esoph.

sph.
Fundal Mean Peristaltic press. Nonprop. cont.
esoph. rest. Middle j esoph.

Study press. end-exp. %Total Not prec. by
Subject Age no. grad. press. Max. Mean swallows swallow

yrs mmHg mmHg
B.V. 22 1 4 11 40 30 10 0

2 5 11 45 25 0 Few
3 4 10 50 30 10 0
4 4 8 40 30 <5 Few
5 5 9 35 25 <5 Few
6 5 12 40 25 0 0

H.T. 23 1 3 5 60 40 <5 0
2 4 6 50 35 0 Few
3 3 6 70 40 0 0
4 3 5 50 35 20 0
5 4 7 45 30 20 Few
6 3 5 40 25 30 0

C.P. 23 1 3 7 35 25 5 0
2 2 8 45 25 0 0
3 3 8 40 25 0 0
4 3 10 40 30 <5 0
5 2 10 45 30 0 0
6 2 9 45 25 0 0

J.D. 23 1 3 9 50 30 50 Many
2 4 12 55 30 10 Few
3 4 10 60 30 <5 0
4 4 10 50 25 50 Many
5 3 10 50 35 30 Few
6 4 14 55 30 0 Few

J.W. 24 1 3 2 25 15 0 0
2 2 2 25 15 <5 0
3 3 3 25 15 0 0
4 3 2 25 15 0 0
5 3 3 20 15 0 0
6 3 2 25 15 0 0

per recording) or "many" (greater than 10 per record-
ing). Each recording extended for approximately 20
minutes. The term "diffuse spasm" (Figure 2E) specifi-
cally describes forceful, prolonged, repetitive, nonpropul-
sive contractions in the lower two-thirds of the esopha-
gus (14).

RESULTS

Control subjects. Although the pressure profile
varies among individuals (Table I), certain find-
ings are characteristic of the control group. Dif-
fuse esophageal spasm and secondary peristalsis
were not seen. The average fundal-esophageal
pressure gradient of 3 to 4 mmof mercury was
constant on serial studies on each subject. The
inferior esophageal sphincter (represented by the
difference of pressure between the high pressure
zone and the gastrickfundus) measured from 1 to
16 mmof mercury. In contrast to the observed
variation from one individual to another, serial

studies of the sphincter on the same subject gen-
erally demonstrated consistently reproducible
pressure profiles. The consistency of this pressure
response was notable. After a "dry" swallow, a
fall in pressure followed by a rise above resting
pressure took place in the sphincter region of all
control subjects.

Primary peristaltic pressures from 15 to 90 mm
of mercury delineated the normal range. On
serial study, 6 subjects inconsistently developed
frequent nonpropulsive responses to "dry" swal-
lowing, although a normal peristaltic response in-
variably followed a swallow of 10 ml of water.
Numerous simultaneous contractions not preceded
by a swallow occurred in only 3 patients.

Pregnant women without heartburn. As in
the control subjects, variability exists among indi-
viduals (Table II). Since these women are sub-
ject to the physiological effects of an advancing
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TABLE II

Pregnant women without heartburn *

Inf.
esoph.

sph.
Fundal Mean Peristaltic press. Nonprop. cont.

Month of esoph. rest. Middle I esoph.
pregnancy press. end-exp. %Total Not prec. by

Patient Age studied grad. press. Max. Mean swallows swallow

yrs mmHg mmHg
32P 6 2 10 80

8 3 6 100
PP 3 10 70

24P 4 5 10 55
5 6 12 50
6 7 12 50
7 8 10 55
8 9 10 45
PP 3 10 50

26P 5 2 9 50
9 6 10 40
PP 3 8 50

20M 7 2 10 50
8 9 10 40
PP 4 9 45

23M 4 6 7 60
5 8 6 50
6 8 7 70
7 7 8 55
8 8 7 50
PP 5 7 50

28M 5 8 9 55
8 10 10 50
PP 6 12 50

23P 4 5 6 40
5 4 4 45
6 4 5 30
7 4 6 30
9 5 6 40
PP 4 5 35

21P 6 8 12 50
7 9 10 55
9 8 10 50
PP 6 10 50

22M 8 4 2 25
PP 3 3 35

26P 7 5 6 50
PP 5 10 55

26M 8 5 5 50
PP 2 5 50

35M 6 3 7 25
8 7 3 20
PP 2 10 25

27M 8 5 1 45
9 5 2 40
PP 2 5 40

35M 8 4 8 45
PP 4 9 50

40 40
45 50
35 5

45 25
40 20
40 50
45 40
35 30
40 <5

30 20
20 50
30 0

25 30
25 30
25 50

30 50
30 70
40 40
30 70
30 70
30 50

30 5
35 0
35 0

30 50
20 70
20 30
20 66
25 50
20 <5

30 80
40 40
30 33
35 0

15 90
20 60

35 70
35 25

40 30
30 0

15 70
15 30
15 <5

25 40
20 50
20 <5

35 10
30 0

0
Few
0

0
0
Many
Few
Few
0

0
0
0

0
0
0

0
Many
Few
Few
Many
Many

0
0
0

0
Many
Few
Many
Many
Few

Many
Few
0
0

Few
Few

Few
Many

Few
Few

Few
0
0

0
Few
0

0
0

* P = primipara; M = multipara; PP = post partum. No diffuse spasm or secondary peristalsis occurred in the
pregnant women without heartburn.

D.R.

S.M.

P.S.

S.K.

E.W.

J.J.

S.F.

S.B.

N.S.

C.S.

A.E.

E.V.

M.S.

I.G.
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TABLE ii-( Continued)

Irif.
esoph.

sph.
Fundal Mean Peristaltic press. Nonprop. cont.

Month of esoph. rest. Middle } esoph.
pregnancy press. end-exp. %Total Not prec. by

Patient Age studied grad. press. Max. Mean swallows swallow

yrs mmHg mmHg
L.W. 26P 6 2 5 30 15 60 Few

8 4 3 35 20 25 Few
9 6 2 35 15 30 0
PP 2 6 35 15 <5 0

D.G. 23P 6 5 5 45 30 80 Few
8 8 6 50 30 60 Few
PP 3 5 40 25 60 Few

F.D. 25P 8 5 6 35 10 60 0
PP 3 5 35 25 0 0

N.H. 24M 9 7 6 40 25 40 Many
PP 3 7 45 20 60 Few

C.C. 31P 6 5 10 55 35 50 0
8 8 12 65 40 30 0
PP 5 10 80 40 40 Few

pregnancy, the results of serial esophageal mo-
tility changes during pregnancy are presented,
each woman serving as her own control. Neither
diffuse esophageal spasm nor secondary peristal-
sis was seen. The average fundal esophageal
pressure gradient of 6 to 7 mmof mercury was
higher than that recorded in the controls. This
gradient generally rose with advancing pregnancy
and fell post partum to levels similar to those de-
termined in the normal nonpregnant group. The
mean resting end-expiratory pressure developed
by the inferior esophageal sphincter varied from 1
to 12 mmof mercury. Fourteen women main-
tained a consistent sphincter pressure profile
throughout pregnancy and after delivery, while
five subjects demonstrated a fall in sphincteric
pressure as pregnancy advanced, with a return to
previous levels post partum. After a "dry" swal-
low, a fall in sphincter pressure followed by a rise
above resting levels occurred in all but two patients
during pregnancy. Both of these women demon-
strated a barely perceptible high pressure zone.
The return of normal sphincteric function after
delivery coincided with a rise in the resting sphinc-
ter pressure. During pregnancy, the inferior
esophageal sphincter was confined at or just above
the effective diaphragmatic hiatus in 63 per cent of
subjects. This represented a significant departure
from its usual anatomical position, which in

most women ordinarily
nal segment.

included an intra-abdomi-

Primary peristaltic pressures ranged from 10 to
100 mmof mercury and compared closely with
control values. Seventeen women consistently
developed frequent nonpropulsive pressure re-
sponses to "dry" swallowing during pregnancy,
although a normal peristaltic wave usually fol-
lowed a swallow of 10 ml of water. Six women
showed numerous nonpropulsive contractions not
preceded by a swallow. After delivery, the inci-
dence of abnormal motor responses approached
the controls. Neither parity nor age correlated
with the changes observed.

Pregnant women with heartburn. The results
(Table III) illustrate the changing esophageal
pressure profile during pregnancy, each woman
serving as her own control. Forty-five per cent
demonstrated secondary peristalsis which disap-
peared post partum, but which was never seen in
either of the other two groups. The average
fundal esophageal pressure gradient of 6 to 7 mm
of mercury was similar to that of the group of
pregnant women without heartburn, but higher
than that of the controls. This gradient generally
rose with advancing pregnancy and fell post par-
tum to levels similar to those found in the normal
nonpregnant group. The mean resting end-ex-
piratory pressure of the inferior esophageal
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TABLE III

Pregnant women with heartburn *

Inf.
esoph.
sph.

Fundal Mean Peristaltic press. Nonprop. cont.
Month of esoph. rest. Middle f esoph.
pregnancy press. end-exp. %Total Not prec. by Diffuse Secondary

Patient Age studied grad. press. Max. Mean swallows swallow spasm peristalsis

yrs min Hg mmHg
J.W. 21P 7 3

9 5
PP 2

D.B. 28M 9 8
PP 4

R.T. 29M 9 3
PP 4

A.D. 30P 6 5
7 7
8 8
PP 3

R.K. 31M 8 5
9 7
PP 3

B.H. 25P 8 8
PP 4

B.R. 25M 6 5
8 9
PP 4

H.U. 39M 8 6
9 8
PP 5

J.H. 29P 9 4
PP 3

M.R. 25M 4 5
6 6
7 8
8 9
9 8
PP 5

R.C. 35M 8 7
9 6
PP 2

P.M. 21P 9 8
PP 3

J.L. 27M 8 7
9 7
PP 2

C.F. 26M 7 4
8 5
PP 5

E.H. 35M 9 9
PP 3

D.W. 23P 9 8
PP 5

5 70
3 45
8 45

1 55
6 45

7 90
8 140

9 45
6 35
3 45

10 45

5 50
6 40
6 40

8 60
7 70

12 50
6 50

10 70

4 30
5 30
5 30

6 80
5 95

5 20
4 30
3 30
2 25
2 20
6 20

12 100
15 110
12 80

2 40
6 50

2 60
1 50
4 50

6 45
5 50
9 45

0 40
6 45

2 25
3 40

50
25
30

40
35

45
70

35
25
30
25

25
25
20

40
40

35
30
45

15
25
20

35
40

15
15
10
10
10
10

50
50
35

30
40

40
35
35

35
35
30

20
25

15
20

<5 0

0 0

0 0

<5 0
0 0

90 Many +
90 Few +

<5 0
10 0
80 Few

0 0

5 0
10 0

<5 0

75 Few +
70 Many +

20 Many
50 Few
30 Few

50 0
70 0

5 0

75 Many +
50 Many +

75 Few
60 Few
90 Many
60 Many
90 Many

<5 Few

67 0
67 0
33 0

<5 0
<5 0

50 Few
50 Few

0 0

30 Few
50 Few

5 0

0 0

0 0

60 Few
50 0

+

* P = primipara; M = multipara; PP = post partum.
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TABLE mi-( Continued)

Inf.
esoph.

sph.
Fundal Mean Peristaltic press. Nonprop. cont.

Month of esoph. rest. Middle 1 esoph.
pregnancy press. end-exp.% Total Not prec. by Diffuse Secondary

Patient Age studied grad. press. Max. Mean swallows swallow spasm peristalsis

yrs mmHg mmHg
H.C. 38M 9 5 5 45 30 80 Many +

PP 2 5 40 25 20 0

E.M. 16P 9 5 2 45 25 60 Few
PP 4 6 55 30 0 Few

A.V. 18P 7 6 8 55 30 50 Few
9 7 4 45 20 75 Few
PP 4 10 45 25 50 Few

E. D. 30M 5 3 6 40 25 50 0
6 5 3 50 25 33 Few
7 6 3 50 30 75 Many +
9 8 2 45 20 50 Many +
PP 2 8 40 25 <5 Few

sphincter varied from 0 to 15 mmof mercury.
Eight women maintained a consistent sphincter
pressure profile during pregnancy and post partum
while 12 demonstrated a fall in sphincteric pres-

sure which returned to previous levels after de-
livery. The response to a "dry" swallow was

present in all but two patients during pregnancy.
In one woman the inferior esophageal sphincter
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FIG. 3. ELECTROMANOMETRICRECORDINGSOF PATIENT E. D. IN THE FIFTH, SEVENTH AND

EIGHTH MONTHSOF PREGNANCY,AND AFTER DELIVERY (LEFT TO RIGHT). Note the progressive
diminution of inferior esophageal sphincter response to a "dry" swallow with advancing preg-
nancy and the return to normal post partum. The patient experienced heartburn frequently in
the last trimester of pregnancy. Calibrations are the same throughout. The numbers on the
left of each panel are distances from the incisors.
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(MIDDLE PANEL) MONTHS OF PREG-

NANCY, AND AFTER DELIVERY (BOTTOM
PANEL). The numbers across the top
of each panel are distances from the
incisors. The middle tracing on each
panel is from the sphincter; the bot-
tom tracing is front the fundus. Top
panel: Respiratory responses in the
fundus and sphincter are the same in-
dicating that the sphincter is below
the effective diaphragmatic hiatus, i.e.,
an intra-abdominal segment first iden-
tified 39 cm from the incisors. Mid-
dle panel: Respiratory responses in
the fundus and sphincter are opposite
indicating that the entire sphincter is
in the thorax beginning 38 cm from
the incisors at the point of respiratory
reversal. Bottom panel: The intra-
abdominal segment of the sphincter
reappears 39 cm from the incisors.
Several drops in pressure following a

swallow are evident.
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FIG. 5. ELECTROMANOMETRICRECORDINGS OF PATIENT B. H. IN THE EIGHTH MONTHOF PREGNANCY(LEFT) AND
2 MONTHSAFTER DELIVERY (RIGHT). The numbers at the left of each panel are distances from the incisors. Left
panel: Diffuse esophageal spasm. The patient had severe heartburn during the third trimester of pregnancy.Right panel: Diffuse esophageal spasm still present. The patient had been completely asymptomatic since delivery.

could not be demonstrated, and in the other it was
barely perceptible (Figure 3). Both patients,
however, revealed normal function post partum,
coincident with a substantial rise in the resting
sphincteric pressure. A most important finding
during pregnancy was that an intra-abdominal
segment of the sphincter was identified in only
15 per cent of women in this group; it reappeared
after delivery in most subjects (Figure 4).

Three women had a pressure profile typical of
diffuse esophageal spasm, following both a "dry"
and "wet" swallow, but in the asymptomatic post-
partum period, motility remained similarly dis-
turbed (Figure 5). In each instance, the inferior
esophageal sphincter was well developed and dem-
onstrated normal function.

Primary peristaltic pressures varied from 10 to
110 mmof mercury, which compared closely with
control values. Fifteen women consistently de-
veloped frequent nonpropulsive pressure responses
to "dry" swallowing during pregnancy, although
a normal primary peristaltic wave usually followed
a swallow of 10 ml of water. Seven women
showed numerous simultaneous contractions not
preceded by a swallow. After delivery, the fre-
quency of abnormal motor responses approached

control values. Neither parity nor age correlated
with these results.

Three women experienced heartburn during the
manometric study and are reported in greater de-
tail.

Sutbject 1. J. L., a 27 year old gravida II, had
heartburn for the first time in the sixth month of
pregnancy. Episodes of a burning, hot sensation
localized to the throat, associated with the oc-
currence of sour-tasting fluid in the mouth, were

brought on by large meals and the supine position.
Antacids gave prompt relief. During an esopha-
geal motility study performed in the eighth month
of pregnancy, the patient complained of waves of
heartburn; simultaneously, secondary peristaltic
waves appeared on the graph (Figure 6). The
fundal esophageal pressure gradient was 7 mmof
mercury. The inferior esophageal sphincter was
located entirely above the effective diaphragmatic
hiatus and developed a mean resting end-expira-
tory pressure of 2 mmof mercury. Numerous
nonpropulsive pressures developed both spontane-
ously and in response to swallowing. During the
ninth month of pregnancy, heartburn again was

associated with the appearance of secondary peri-
staltic waves. With the catheters in place, the pa-
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tient was given 30 ml of a liquid antacid which
promptly relieved the heartburn. The motility
record, however, was unchanged.

After delivery the patient became asymptomatic
and a recording 6 weeks later was normal. The
fundal esophageal pressure gradient fell to 2 mm
of mercury and the inferior esophageal sphincter
which was now observed, both below and above
the effective diaphragmatic hiatus, developed a

resting pressure of 4 mmof mercury.
Comment. Esophageal motility studies demon-

strated secondary peristalsis simultaneously with
symptoms of heartburn. Nonpropulsive activity
was also present. A liquid antacid effectively re-
lieved the heartburn, but the pressure profile was

unchanged, suggesting that motor phenomena are
not the only determinants of heartburn.

Subject 2. E. H., a 35 year old gravida II, had
heartburn for the first time in the seventh month
of pregnancy. A burning sensation in the sub-
sternal area radiating to the throat was precipitated

by bending, stooping, or lying flat especially after
eating. All antacid preparations nauseated her.
The patient complained of persistent heartburn
during an esophageal motility study performed in
the ninth month of pregnancy, and again secondary
peristalsis was seen (Figure 7). The fundal
esophageal pressure gradient was 9 mmof mer-

cury, the inferior esophageal sphincter could not
be identified, and nonpropulsive activity was not
observed.

The pressure profile was normal 8 weeks post
partum; she had experienced no heartburn after
delivery. The fundal esophageal pressure gradient
fell to 3 mmof mercury and the inferior esopha-
geal sphincter could now be identified both be-
low and above the effective diaphragmatic hiatus
with a mean resting end-expiratory pressure of 6
mmof mercury. A pneumatic bag was then placed
around the patient's waist and 300 ml of water
rapidly instilled directly into the stomach. Upon
inflation of the bag to exert a pressure of 100 mm

..~~~~~~~~~~~~~~~~~~~~~~~~~~~~...
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FIG.7.ELECTROMANOMETRIC~~~................ RECORDINGS.... OF SUBJECT......2 (E... H.). Th

numbers at the........ left... are.... distances from... teicsr. A,....B. and........ C. are.. primary.....
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waves not preceded by a swallow. The patient had heartburn throughout
this recording.

of mercury secondary peristalsis promptly en-
sued, but she experienced no heartburn.

Comment. Heartburn occurred during the
manometric demonstration of secondary peristalsis
in the absence of nonpropulsive motor activity. A
similar pressure profile induced post partum was
observed without heartburn, suggesting that heart-
burn does not depend on secondary peristalsis.

Subject 3. H. C., a 38 year old gravida, V, had
heartburn for the first time in the sixth month of
pregnancy. A burning, choking sensation in the
throat associated with the occurrence of sour-
tasting material in the mouth was aggravated by
emotional tension and the supine position especially
after meals. She never tried antacids, but noted
transient relief from drinking a glass of cold water.
An esophageal motility study in the ninth month
of pregnancy demonstrated secondary peristalsis
and prominent nonpropulsive activity not pre-
ceded by a swallow. During the first part of the

study she complained of heartburn. Immediately
after a single swallow of approximately 20 ml of
water at room temperature, a normal primary
peristaltic wave developed which was promptly
followed simultaneously by the sudden cessation
of heartburn and an abrupt change in the motility
pattern to normal (Figure 8). The fundal esoph-
ageal pressure gradient was 5 mmof mercury.
Inferior esophageal sphincter activity occurred
only above the effective diaphragmatic hiatus and
developed a mean resting end-expiratory pressure
of 5 mmof mercury.

She became asymptomatic after delivery; a fol-
low-up motility study 7 weeks later was normal.
The fundal esophageal pressure gradient fell. to 2
mmof mercury, but the mean resting end-expira-
tory pressure of the inferior esophageal sphincter,
however, could now be identified. A pneumatic
belt was then placed about her waist and 300 ml
of water instilled directly into the stomach. Upon
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inflation of the bag to 100 mmof mercury, second-
ary peristalsis and spontaneous nonpropulsive
waves promptly occurred, but the patient experi-
enced no heartburn.

Comment. Heartburn was associated with sec-

ondary peristalsis and prominent nonpropulsive
motor activity during pregnancy. A swallow of
water resulted in relief of heartburn simultaneous
with the appearance of a normal pressure profile.
This might be explained by. the offending material
having been washed from the esophagus. Sec-
ondary peristalsis, induced post partum, was'ac-
companied by similar nonpropulsive motor ac-

tivity, but no heartburn was present. This
suggests that such motor dysfunction may be
asymptomatic.

DISCUSSION

Secondary peristalsis, which indirectly indicates
that gastroesophageal reflux is taking place, oc-
curred exclusively in a group of women with

Swall low

heartburn during pregnancy, but in only 45 per
cent of the group. Neither heartburn nor second-
ary peristalsis was observed post partum. What
evidence is there that secondary peristalsis indi-
cates reflux? By simultaneous manometric and
fluoroscopic studies, Creamer demonstrated an as-
sociation between secondary peristalsis and gas-
troesophageal reflux (15). The first pressure de-
flection seen in the secondary peristaltic complexes
in our study (Figures 1, 6, 7 and 8) is character-
istic of primary peristalsis following a liquid
bolus, but is absent during a "dry" swallow. Such
a pressure rise is associated with the sudden in-
troduction of material into the esophagus. Since
no material was introduced into the esophagus
from above during these recordings, the appear-
ance of this initial deflection suggests that material
.was entering the esophagus from below. It is
evident, however, that a certain amount of fluid
must distend the esophagus to elicit this response.
We introduced 300 ml of water containing a dye

Swallow

ut~..
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directly into the stomach of 10 control subjects
and increased intragastric pressure by inflating a
pneumatic abdominal belt. Secondary peristaltic
waves appeared in four subjects in whom, at the
same time, more than 40 ml of dyed material was
aspirated from the distal esophagus. In the other
six subjects who did not develop secondary peri-
staltic waves, less than 10 ml was aspirated from
the esophagus, suggesting that the initiation of
such a motor response depends upon the regurgi-
tation of relatively large. volumes of fluid. We
take these results to confirm the relation between
secondary peristalsis and gastroesophageal reflux.

The type of material refluxed may bear upon
the incidence of heartburn. Reflux occurs in
asymptomatic subjects and may be demonstrated
during X-ray study of the esophagus and stomach.
It is pertinent to note that no symptoms occurred
after abdominal pressure was increased by infla-
tion of a pneumatic abdominal belt around the
waist in some normal subjects, despite the appear-
ance of secondary peristalsis when 300 ml of wa-
ter was introduced into the stomach. In con-
trast, Tuttle, Bettarello and Grossman determined
esophageal pressure and intraluminal pH simul-
taneously; after 300 ml of 0.1 N hydrochloric
acid had been introduced into the stomach, heart-
burn occurred when the pH in the distal esophagus
fell below pH 4 (16). In our Patient 1, the re-
flux of acid appeared, at least from our indirect
evidence, to be more important than the mere
presence of reflux. Severe heartburn occurred si-
multaneously with the appearance of secondary
peristaltic waves. Although symptoms were re-
lieved with a liquid antacid, the pressure profile
remained unchanged. It is true that basal gastric
acid is diminished in late pregnancy, and that pep-
tic ulcers are rare during pregnancy (17, 18).
Nevertheless, whatever acid and peptic material is
available may repeatedly gain access to the esopha-
geal mucosa and over a long period of time may
produce esophagitis. In animals, acid gastric
juice may devastate esophageal mucosa (19).

A number of factors may contribute to reflux.
Increased intragastric pressure is the most ob-
vious: the enlarging uterus allows less room for
stomach contents. Many pregnant women ex-
perience symptoms of reflux when bending or
stooping, actions which result in a sharp rise in
intragastric pressure (20). Such a rise in pres-

sure alone might be responsible for reflux, but
while the fundal esophageal pressure gradient in-
creased in most pregnant subjects as the uterus
enlarged, the women in whomreflux occurred had
no higher intragastric pressure than those without
reflux, nor did Creamer find that the fundal esoph-
ageal pressure gradient rose during spontaneous
reflux in nonpregnant subjects (15). Apparently,
elevated intragastric pressure must be associated
with diminished resistance of the normal barriers
if significant reflux is to occur.

Three mechanisms probably help to prevent
gastroesophageal reflux: a direct compression or
"pinch-cock" action on the esophagogastric junc-
tion exerted by the right crus of the diaphragm, an
intrinsic sphincter mechanism in the distal esoph-
agus, and a passive mucosal valve formed by the
acute angle of entry of the esophagus into the
stomach (21, 22). These three barriers probably
reinforce each other when properly aligned. We
have studied only the sphincteric mechanism.

The variation in the mean resting end-expira-
tory pressure of the inferior esophageal sphincter
from one individual to another is considered by
some observers to represent a technical failure
of recording methods (23, 24). Serial studies in
our control subjects, however, demonstrate that
some normal people simply have a well developed
intrinsic sphincter mechanism while others do not,
but that the tone of the sphincter is relatively con-
stant for the individual. In contrast, in 55 per
cent of the pregnant women with heartburn and
in 20 per cent of those without heartburn, the rest-
ing sphincter pressure decreased with advancing
pregnancy and returned to normal levels after de-
livery. The fall in sphincter pressure may result
from gastric atony during pregnancy (25) ex-
tending to involve the distal esophagus, which
would lower the pressure barrier to reflux. More
likely, however, this decrease in resistance to
gastroesophageal reflux may be related to loss of
the intra-abdominal segment of the sphincter; an
intra-abdominal segment was demonstrated in 80
per cent of the controls, but in only 15 per cent
of the pregnant women with heartburn and in
37 per cent of those without heartburn. Fyke,
Code and Schlegel originally emphasized that an
intra-abdominal segment of the sphincter provides
an effective barrier to reflux since its intrinsic
resistance is supported by the intraperitoneal pres-
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sure (2). Further, it has been graphically dem-
onstrated that when intraperitoneal pressure rises,
the pressure in the intra-abdominal segment of
the sphincter also rises to preserve the normal
pressure gradient (26). The intrathoracic seg-
ment does not respond with such an increase in
pressure, so that if the sphincter is confined to the
thorax, as it is in many pregnant women, the
normal pressure barrier may be diminished.

In addition, the acute angle of entry of the
esophagus into the stomach, so essential in main-
taining the flap valve mechanism, is altered by the
displacement of the stomach to a more horizontal
position by the enlarging uterus (25), and this
barrier to reflux may be lost.

A consideration of factors causing gastroesopha-
geal reflux in pregnancy must include hiatus
hernia. Three manometric findings are usually
interpreted as indicative of hiatus hernia: con-
tinuation of intra-abdominal pressures into the
thorax, demonstration of the inferior esophageal
sphincter more than 3 cm above the effective dia-
phragmatic hiatus and recognition of a "biphasic"
point of respiratory reversal (14, 27, 28). Weob-
served only the latter phenomenon in several
women. Since careful roentgenologic examination
failed to identify a hiatus hernia in 12 subjects
with a biphasic point of respiratory reversal that
we have studied, we cannot say with any surety
which of the pregnant women had hiatus hernia.
Of 195 women in the last trimester of pregnancy,
hiatus hernia was radiographically demonstrated
in 18.1 per cent of the multiparae and in 5.1 per
cent of the primiparae, a combined incidence of
12.8 per cent (29). No relation to heartburn was
evident, but those women who showed reflux
often had heartburn (29). Although hiatus hernia
occurs more often in multiparae, we found no dif-
ference in the incidence of secondary peristalsis
between primiparae and multiparae. This sug-
gests that while hiatus hernia may have been a
factor in some of our patients, it is not an essential
factor.

The passage of a tube into the stomach might
be responsible for reflux. We have not found
a tube to induce reflux by cineradiographic studies
of cardioesophageal competence during short-
term gastric intubation (30).

Although reflux of an acid may initiate heart-
burn, the immediate pathogenesis of the symptom

is controversial. Muscular dysfunction of the
esophagus induced either by distention or by acid
reflux may be the final pathway resulting in symp-
toms of heartburn. Nonpropulsive esophageal
pressures developed in patients with heartburn
induced by continuous intra-esophageal infusion
of 0.1 N hydrochloric acid or equally when heart-
burn resulted from infusions of other fluids (31).
These motor phenomena, however, particularly in
the lower two-thirds of the esophagus, are evident
in all people, and increase with age (21). Six
of 14 asymptomatic young persons whomwe have
studied demonstrated inconsistently such activity
(32). The pregnant women in this study had a
marked increase in the frequency and consistency
of nonpropulsive responses, but no difference
was noted between those women with and with-
out heartburn. The findings in Subjects 2 and 3
are pertinent. Subject 2 demonstrated secondary
peristalsis, but nonpropulsive activity did not ap-
pear, suggesting that heartburn may occur in its
absence. Subject 3 also demonstrated secondary
peristalsis, but in addition developed numerous
simultaneous nonperistaltic responses representing
irritability of the esophagus. When this subject
was examined post partum a similar pressure pro-
file was induced but without heartburn, indicating
that this motor abnormality may be asympto-
matic. Nonpropulsive activity does not appear
to be the final common pathway in the pathogene-
sis of heartburn in pregnancy.

Why pregnant women appear to have an in-
creased frequency of nonpropulsive activity is not
clear. Increased intragastric pressure during
pregnancy could force air or liquid into the esoph-
agus, which might rapidly transmit pressure
along the esophageal lumen so that a pressure
response in one area of the organ might be im-
mediately apparent in an adjacent area (33).
This is supported by the observation that a normal
peristaltic pressure sequence invariably occurred
after a swallow of 10 ml of water which could
drive air or liquid from the esophagus back into
the stomach. In addition, Creamer observed non-
propulsive activity when air was regurgitated into
the esophagus (15).

During pregnancy three women with heartburn
showed a pressure profile consistent with diffuse
esophageal spasm which remained similarly dis-
turbed in the asymptomatic postpartum period.
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This does not support a causal relationship. On
the other hand, since this pressure profile was ob-
served only in pregnant women with heartburn,
it is possible that the abnormal pattern is an in-
dication of motor derangement that with stimula-
tion becomes more profound and produces symp-
toms.

SUMMARY

Serial esophageal motility studies on pregnant
womenwith and without heartburn and on a group
of asymptomatic normal young women of similar
age indicate that heartburn of late pregnancy is
not determined exclusively by motor changes in
the esophagus. Nonpropulsive motor activity was
seen consistently and with much greater frequency
in the pregnant than in the control subjects, but
no difference was noted between pregnant women
with heartburn and those without heartburn. It
seems likely that such activity is related to preg-
nancy but not to heartburn.

Diffuse esophageal spasm was found in three
pregnant women with heartburn. After delivery
this abnormal motor pattern persisted, even though
symptoms no longer occurred. It is evident that
diffuse esophageal spasm is not in itself responsi-
ble for heartburn, but since it occurred in preg-
nant women with heartburn, it may be an as-
sociated abnormality.

Acid reflux into the esophagus appears to be a
factor in heartburn of late pregnancy. Secondary
peristaltic activity suggests that gastric reflux is
taking place into the esophagus and the finding of
these complexes exclusively in 45 per cent of preg-
nant women with heartburn provides indirect evi-
dence to support this concept. Gastroesophageal
reflux is favored during pregnancy by a combina-
tion of factors. Intraperitoneal pressure rises with
advancing pregnancy. The inferior esophageal
sphincter, which represents a barrier to reflux,
develops progressively weaker resting pressures
with advancing pregnancy in more than one-half
of the pregnant women with heartburn. The in-
tra-abdominal segment of the sphincter could not
be identified in the great majority of these women.
Maintenance of this segment appears crucial to
sustaining the pressure barrier against reflux es-
pecially when intraperitoneal pressure is elevated.
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