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ABsTrACT Intraluminal manometric studies were
carried out in 19 patients with untreated achalasia and in
20 normals. Lower esophageal sphincter (LES) pres-
sure was 50.5 =4.6 mm Hg in patients with achalasia as
compared with 19.4 1.3 mm Hg in the normal group.
In both groups, the LES pressure was lowered when
exogenous 0.1 N HCl was placed into the stomach. Al-
though the nadir of pressure attained with acid sup-
pression was the same, the per cent inhibition was sig-
nificantly greater in patients with achalasia. Serum
gastrin levels were the same in the two groups studied.
The patients with achalasia, pre- and postpneumatic dila-
- tation, showed a supersensitivity to exogenous intrave-
nous gastrin I, as compared with normals. These data
suggest that high, acid-suppressible levels of LES pres-
sure, in patients with achalasia, are due to supersensi-
tivity to endogenous gastrin.

INTRODUCTION

In patients with achalasia, dysfunction of the lower
esophageal sphincter (LES)* plays a major role in the
pathogenesis of impaired esophageal emptying. Although
this point is well recognized, a clear understanding of
the pathophysiology of this dysfunction is not available.
The classic concept of a normotensive LES, which fails
to relax upon deglutition (1, 2) has been questioned
(3). It has been suggested that LES dysfunction con-
sisted of a marked elevation in LES pressure and a lim-
ited, but distinct, ability to relax upon deglutition. By
this latter concept, LES hypertension would play a ma-
jor role in the impairment of esophageal emptying. It
is the purpose of this study to utilize a method of proven
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1 Abbreviation used in this paper: LES, lower esophageal
sphincter.
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validity (4-6) to quantitate LES pressure in patients
wiith achalasia, and to define the role of gastrin in the
p-thogenesis of LES hypertension.

METHODS

Three water-filled polyvinyl catheters, 1.4 mm internal di-
ameter, were used to transmit intraluminal pressures to
external transducers (Statham P23BB). Output from these
transducers was recorded on a multichannel Beckman curvi-
linear ink-writing recorder. The recording catheters were
arranged to measure intraluminal pressure at three points,
5 cm apart, through side openings 1.2 mm in diameter.
Gastric infusion was done through a fourth catheter which
had multiple perforations over the 8 cm distal segment.
The. four polyvinyl catheters were joined into a single unit
with an outside diameter of 5 mm. The midpoint of the
multiperforated area was 16 cm distal to the middle re-
cording orifice.

Studies were performed on two groups of patients with
informed consent obtained from each patient. The first
group consisted of 19 patients, aged 10-71 yr (mean, 46),
with well-defined, untreated achalasia. The diagnostic cri-
teria satisfied in each patient before inclusion in this group
were the following: (a) radiographic and cineradiographic
diagnosis of achalasia by a radiologist, independent of the
investigators; (b) manometric recording showing total ab-
sence of distally progressive peristalsis; (c) endoscopic
evaluation with free passage of the esophagoscope into the
stomach, ruling out organic obstruction; and (d) a positive
response to acetyl-g-methacholine (Mecholyl chloride),? 2-10
mg subcutaneously, manifested as an increase in esophageal
pressure of over 20 mm Hg, which was recorded by open-
tipped catheters. A second group of 20 patients, aged 22-76
yr (mean, 44), with normal upper gastrointestinal radio-
graphic evaluations, were used as controls. No patient had
undergone upper gastrointestinal tract surgery. All patients
were studied while resting quietly in the supine position
after an 8 hr fasting period. Belt pneumographs around the
chest and over the larynx were used to monitor respiration
and swallowing, respectively. The recording assembly was
positioned with all orifices in the stomach. After a 20 min
rest period, the assembly was moved at 1 cm intervals
through the full length of the esophagus. After this diag-

2 Merck & Co., Inc., Rahway, N. J.
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FiGure 1 LES pressures recorded in normals and patients
with achalasia. Each point represents the mean of three
measurements in an individual.

nostic evaluation, the recording assembly was positioned
and anchored so that pressures were recorded simultane-
ously from the esophagus, LES, and stomach. The pressure
recording tubes were infused with distilled water by a
syringe pump at a constant rate of 1.2 ml/min. LES pres-
sures were recorded as millimeters of mercury with mean
gastric fundic pressure used as the zero reference.

Hydrogen ion activity of the gastric contents was altered
by instillation of acid (0.1 ~ hydrochloric acid), by con-
stant infusion at a rate of 12 mEq/15 min. This rate was
adequate to keep an aspirated sample of gastric contents at
pH 1.5.

Gastrin I,> amino acid sequence 2-17 (Hexadecapeptide
Amide),* was given intravenously as a single 30 sec in-
jection through an indwelling anticubital catheter. Dose-
response curves were constructed from a single injection
during a single study period. Multiple gastrin I injections
were occasionally given on a single day, but successive in-
jections were separated by a 60 min interval. The values

*FDA approval, IND 6363.
¢ Imperial Chemical Industries Ltd. Alderley Park, Che-
shire, England.
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Ficure 2 Comparison of the LES pressure recorded in
all patients before and during gastric acidification with 0.1 ~§
HCIL. The nadir of pressure attained during acidification is
similar in both groups. The mean *1 sEM is shown.

of pressure shown in the dose-response curves, are the
mean values recorded over a 1 min interval.

Serum ' gastrin determinations were performed by the
radioimmunoassay technique described by McGuigan (7-9).
Blood was obtained at the time of manometric evaluation
at least 20 min after passage of the recording assembly.
Each gastrin determination was done in triplicate. The
mean coefficient of variation of the triplicate values was

6.7%.

RESULTS

In Fig. 1 are shown pressures recorded from 20 normal
subjects and 19 untreated patients with achalasia. Each
point represents the mean LES pressure obtained during
the pull-through of the three recording orifices. Mean
sphincter pressure in the normal group was 19.4 *13
mm Hg (mean =*sg), as compared with 50.5 4.6 mm
Hg in the patients with achalasia (P <0.001). The
range of pressures in untreated patients with achalasia
was 28 to 108 mm Hg.

In Fig. 2 are shown LES pressures in normals and in
patients with untreated achalasia recorded before and
during gastric acidification with 0.1 §~ HCI at 12 mEq/15
min. Gastric acidification lowered LES pressure in nor-
mals from 19.4 1.3 mm Hg to 6.1 =1.2 mm Hg, a de-
crease of 68.4 +3.19,. In patients with achalasia, gastric
acidification lowered pressure from 50.5 +4.6 mm Hg to
7.7 0.7 mm Hg, a decrease of 86.9 *+2.29,. The nadir
of pressure during gastric acidification was similar in
normals and patients with achalasia (P > 0.05). The
per cent reduction in pressure was significantly different

(P <0.001).



To ascertain whether the high, acid-suppressible levels
of LES pressure in patients with achalasia were due to
increased levels of endogenous gastrin, serum gastrin
levels were obtained on all patients in both groups.
These results in Fig. 3 show no statistical difference
between the two groups of patients (P > 0.05). In each
group, normals and patients with achalasia, the LES
pressure and serum gastrin level did not correlate (P >
0.05).

Since LES hypertension in achalasia was not related

to elevated endogenous levels of gastrin, the possibility

of an increased sensitivity to gastrin was evaluated.
In Fig. 4, dose-response curves of the LES to intrave-
nous injections of synthetic gastrin I are shown. The
peak LES response, averaged over a 1 min period, was
expressed as a per cent of the initial base line LES pres-
sure. Qualitative LES response was identical in both
groups. The response began within 1 min, peaked at 3
min, and dissipated to normal levels within 10 min,
Quantitatively, however, the response of the two groups
was different. The dose-response curve in the patients
with achalasia was shifted to the left, which indicates
greater sensitivity to exogenous gastrin I. The threshold
dose was lower in patients with achalasia. The steeply
sloped linear portion of the dose-response curve, al-
though shifted to the left, remained parallel to the com-
parable linear portion of the curve in the normal group.
The peak response of the LES in patients with acha-
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Ficure 3 Comparison of serum gastrin levels in all pa-
tients at the time of recording LES pressure (Fig. 1). Mean
and 1 SE are shown.

Achalasia

lasia was 433.4 =14.79, of the preinjection level of LES
pressure, and was attained at a dose of 0.25 ug/kg of
gastrin 1. The peak response of the LES in normals was
460.0 =12.09, of the preinjection level of LES pressure,
and was attained at 0.7 pg/kg of gastrin I. The magni-
tude of the peak response to gastrin I was similar in the
two groups (P > 0.05), although the dose required to
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F1GURE 4 Dose-response curves of change in LES pressure, expressed as a per cent
of initial resting sphincter pressure, against log dose of gastrin I in micrograms per
kilogram. At each point is the mean *1 sem. Data are compiled from responses ob-
tained in 13 normals and 11 patients with untreated achalasia. The LES in patients
with achalasia is more sensitive to gastrin I, but not capable of a greater per cent

response.
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FFicure 5 LES pressures recorded in seven patients with
achalasia before and after a clinically successful pneumatic
dilatation. LES pressure was significantly reduced in each
patient after pneumatic dilatation.

attain this response was significantly different (P <
0.001). It must be emphasized that although the peak
per cent response is similar, the data is normalized for
the preinjection level of LES pressure, as previously
established (10). The absolute peak response in patients
with achalasia is 183.6 =26.9 mm Hg, as compared with
89.2 *10.7 mm Hg in the normal group. At doses of
gastrin I beyond those which yielded peak responses the
dose-response curves show a response significantly less
than maximal. This phenomenon occurred at a lower
dose, and to a more marked degree, in patients with
achalasia than in the normal patients. At a dose of 0.5
ng/kg, patients with achalasia showed a response that
was approximately 709, of the peak response at 0.25
rg/kg.

To ascertain whether the hypertensive initial LES
pressure in patients with achalasia was responsible for
the increased sensitivity to gastrin I, studies were re-
peated in patients with achalasia who had undergone a
clinically and radiographically successful pneumatic dila-
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tation.® In seven patients with achalasia, the mean LES
graphic emptying of the esophagus.

pressure was lowered from 57.4 *87 mm Hg to 183
+3.0 mm Hg, after pneumatic dilatation (P < 0.001).
The specific changes in resting LES pressure after pneu-
matic dilatation are shown in Fig. 5. All patients, except
the one with an initial LES pressure of 108 mm Hg,
were included in the dose-response curve shown in Fig.
4. Dose-response curves to gastrin I, shown in Fig. 6,
are compared for the normals and for the patients with
achalasia, pre-and postdilatation. The dose-response
curve to gastrin I in successfully treated patients with
achalasia (i.e. normal sphincter pressure), still showed
an increased sensitivity to exogenous gastrin I. Dose-
response curves to gastrin I were almost identical pre-
and postdilatation.

DISCUSSION

These studies indicate that the LES in patients with
achalasia, is (a) hypertensive, (b) suppressed by gas-
tric acidification, and (c¢) supersensitive to exogenous
gastrin I. We propose that LES hypertension in patients
with achalasia is due to supersensitivity to endogenous
gastrin.

Cohen, using a constantly perfused recording system,
has shown that LES pressure in patients with untreated
achalasia is twice that of normal subjects (3, 11). His
findings, confirmed in this study, differ from the normo-
tensive levels of LES pressure previously reported (1,
2). This discrepancy was found to be the result of the
methods employed in quantitating LES pressure. Prior
studies were performed with uninfused open-tipped cathe-
ters, a method shown to be inadequate for recording
the entire range of gastrointestinal sphincter pressure
(4, 5). Harris and Pope have demonstrated that pres-
sures recorded by this technique were influenced by mu-
cosa sealing the recording orifice (12). This produced
significant artifacts in interpreting LES pressure. The
simple modification of measuring LES pressure with a
constantly perfused recording system, has provided an
accurate valid interpretation of the full range of LES
strength (4-6).

Although the LES in patients with achalasia is hy-
pertensive, gastric acidification consistently reduced the
pressure as found in normals. This response of the
LES was interpreted as a specific response to a reduction
in endogenous gastrin released from the stomach. This
interpretation was based on direct and indirect quanti-
tation of the effect of gastric acidification on the release
of gastrin in man (13) and animal models (14, 15).
Comparison of the reduction in LES pressure to gastric
acidification in both groups revealed a quantitative dif-

®(a) Symptomatic improvement in degree of dysphagia
and nocturnal regurgitation, and (b) improved cineradio-
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Ficure 6 Dose-response curves of per cent change in LES pressure against log dose

of gastrin I in 13 normals, 11 patients with untreated achalasia, and 7 patients after
pneumatic dilatation (Fig. 5). Patients with achalasia having a normal LES pressure
after treatment, still show supersensitivity to gastrin I.

ference in response. A greater absolute and a greater
per cent reduction in pressure was found in the acha-
lasic group. The nadir of pressure attained during in-
hibition was the same in the two groups. This finding
suggested that a greater portion of the LES pressure
in patients with achalasia was determined by endogenous
gastrin. The portion of LES pressure that was not acid
suppressible and, therefore, not gastrin dependent, did
not differ in the two groups. This large, gastrin-related
portion of LES pressure in patients with achalasia sug-
gested two possibilities: (a) either endogenous levels
of gastrin were increased, or (&) the LES was super-
sensitive to endogenous gastrin. The first possibility was
proven incorrect by demonstrating that patients with
achalasia had normal levels of serum gastrin. This pos-
sibility initially seemed unlikely since patients with ele-
vated levels of gastrin, as in pernicious anemia (16) and
Zollinger-Ellison syndrome,® have normal or diminished
resting levels of LES pressure.

To evaluate the second possibility, dose-response
curves of LES pressure to exogenous gastrin I were com-
pared in normals and in patients with untreated acha-
lasia. Gastrin supersensitivity was found in the latter
group. This finding was established by showing a lower
threshold dose, a leftward parallel shift in the linear
portion of the response, and the absence of change in

®Cohen, S., and W. Lipshutz. Unpublished observations.

magnitude of the maximum per cent response. The acha-
lasic sphincter, although more sensitive to gastrin, did
not show a greater per cent increase in pressure than
the narmal sphincter. These characteristics of super-
sensitivity are identical with those of Cannon (17, 18)
and Trendelenburg (19), who demonstrated these find-
ings with experimentally denervated animal models.

Although the maximum per cent increase in LES pres-
sure was similar in both groups, patients with achalasia
had a greater absolute increase in LES pressure. This
finding was related to the greater initial LES pressure
in achalasia. Expression of data as a per cent of initial
pressure normalizes for baseline values and allows for
quantitation of dose-response relationships. When the
LES pressure of a normal was elevated to the achalasic
range, the maximum absolute change in pressure was
similar to that of the patient with achalasia. Similarly,
when the LES pressure in patients with achalasia was
reduced to a normal level by pneumatic dilatation, the
dose-response curve was still shifted to the left, but now
the absolute LES response was similar to that obtained
in normals.

Further examination of the dose-response curves re-
vealed another possible manifestation of supersensitivity.
At points beyond the maximal response, autoinhibition
or the diminished response of a system to doses beyond
that which yielded a maximum response, was observed.
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It is due to saturation of all high affinity excitatory re-
ceptors with additional molecules combining with a low
affinity inhibitory receptor (20). Whereas this phenome-
non, was observed in both groups, it occurred at lower
doses and to a more marked degree in patients with
achalasia. This may result from supersensitivity of in-
hitory as well as excitatory receptors.

Denervation supersensitivity of the body of the esopha-
gus has been generally accepted as a clinical criteria for
the diagnosis of achalasia (21). However, the LES has
not been studied for this property. Anatomic evidence of
denervation has been shown in the sphincter zone (22),
but this loss of myenteric ganglia has not been con-
sistently observed (23, 24). Although conclusive evi-
dence demonstrating denervation of the achalasic LES
is not available, this study does establish supersensitivity
to gastrin I. We propose that this supersensitivity is due
to denervation. There are several mechanisms by which
the achalasic LES could become supersensitized to gas-
trin. Cannon has shown that denervation leads to super-
sensitivity not only to natural neural transmitters, but
also, nonspecifically, to other chemical stimulants (18).
Gastrin supersensitivity may, therefore, be a nonspecific
reaction of a denervated structure. A second possible
mechanism of gastrin supersensitivity involves an in-
termediate site of action of gastrin in the control of
LES strength. It has been shown that gastrin effect on
smooth muscle is through postganglionic release of
acetylcholine (25). Studies on the circular smooth muscle
of the opossum LES in vitro confirm this mechanism of
action.” Therefore, supersensitivity may be due to the
neural transmitter, acetylcholine, not directly to the pep-
tide hormone. Regardless of the specific mechanism of
gastrin supersensitivity, the significance of this finding
is not altered. In achalasia, the marked acid suppression
of the elevated LES pressure is due to inhibition of en-
dogenous gastrin release. Therefore, it is suggested that
the elevated LES pressure is due to supersensitivity to
endogenous gastrin.

The demonstration of lower esophageal sphincter hy-
pertension and an elucidation of its pathophysiology are
initial steps in searching for a medical program for
treating achalasia. If the sphincter can partially relax, as
shown by Cohen (3) and confirmed by us, then the
sphincter-to-stomach gradient is dependent upon both the
level of sphincter pressure from which the relaxation
occurs and the degree of sphincter relaxation. The cor-
relation between clinical improvement and reduction in
sphincter pressure indicates that if LES pressure were
lowered through inhibition of gastrin effect, then acha-
lasia might be treated medically.

" Lipshutz, W., and S. Cohen. Unpublished observations.
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