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Effects of postganglionic nerve stimulation in
oesophageal achalasia: an in vitro study

A T0ttrup, A Forman, P Funch-Jensen, U Raundahl, K-E Andersson

Abstract
The functional postganglionic innervation of
isolated smooth muscle strips from the
oesophagogastric junction was examined in
specimens taken from six achalasia patients
and seven controls. Muscle strips representing
either the longitudinal or the circular layer
were prepared and mounted in organ baths and
isometric tension was recorded. Electrical
field stimulation, selectively exciting nerves,
was applied. Strips from the circular layer from
controls relaxed during field stimulation, an
effect that was the result of stimulation of
noncholinergic, non-adrenergic, inhibitory
nerves. Circular muscle strips from achalasia
patients contracted during field stimulation, an
effect that was caused by muscarinic receptor
activation. In one patient, atropine reversed
the contraction to a relaxation. Longitudinal
muscle strips contracted in response to stim-
ulation in both controls and achalasia patients.
This response was abolished by atropine. In
conclusion the function of postganglionic in-
hibitory nerve fibres to the circular layer of the
oesophagogastric junction is severely impaired
in achalasia, while there is a conspicuous,
functional cholinergic innervation.
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Primary oesophageal achalasia is a motor dis-
order involving the smooth muscle portion of the
oesophagus. The condition is characterised by
incomplete relaxation of the lower oesophageal
sphincter and absence of peristalsis in the
oesophageal body in response to swallowing.'2
Furthermore, a hypersensitivity to cholinergic
drugs is seen, which is currently believed to be
the result of denervation.34

Histologically, the most striking feature is loss
of ganglion cells in the myenteric plexus,56 but
also changes in the dorsal motor nucleus of vagus
and in the vagus nerve have been reported in a

limited number of autopsy studies.7 Thus, the
primary site of the lesion is still debated, and
previous pharmacological studies have not given
detailed information about the function of the
postganglionic innervation in this disorder.
The aim of the present study was to examine

the function of the postganglionic innervation of
the oesophagogastric junction in patients with
achalasia using isolated muscle strips from both
the longitudinal and circular layer in an organ
bath model.

Methods

PATIENTS
Specimens were obtained from six patients (two
women, four men) with achalasia, operated on

with a modified cardiomyotomy.' Median age
was 32 years (range 14-68) and median duration
of symptoms two years (range 3/4-14). Through-
out the length of the myotomy, a strip of the
external muscular coat was excised. In five
patients operated on for adenocarcinoma of the
stomach, and two patients operated on for
squamous cell carcinoma of the oesophagus,
specimens from the oesophagogastric junction,
taken 5-15 mm above the angle of His, served as
controls. The control group included five women
and two men with a median age of 69 years (range
38-77). The tissues were immediately placed in
4°C Krebs solution (for composition, see below)
and carried to the laboratory. Isolated strips
from either the longitudinal or the circular layer
were prepared by microtechnique. Microscopic
examination of the strips verified that dissection
had been performed along the smooth muscle
fibre direction. Only tissue macroscopically free
from neoplastic lesions were used. The strips
measured 1 5 to 4mm in length and 0 5 to 1 mm
in diameter. At each end, a silk thread was tied,
and the strips were transferred to thermostatic-
ally controlled 5 ml organ baths containing
Krebs solution (37 0 (0 5)°C) constantly bubbled
with 5% CO2 in 02. The final pH was 7 40 (0 05).
After a calibration period of at least one hour, the
preparations were mounted between two small,
L-shaped hooks. One hook was attached to a
force transducer (Grass FT03) and the other was
connected to a sledge which allowed adjustments
of length of the strip. Isometric tension was
registered on a six channel Grass Polygraph.
The distance between the two hooks was

increased rapidly to a small preload of 0-1 mN.
Tension then immediately fell to the level
defined by the output from the unloaded trans-
ducer. The length between the two knots of the
silk threads was measured by a stereomicroscope
equipped with an ocular micrometer, and this
length was defined as the resting length, LR.
Adjustment was now performed to secure a
distance between the two knots of 200% of LR.
At this elongation, near optimum mechanical
responses are achieved in isolated smooth muscle
from the human oesophagogastric junction.9
After a calibration period of at least two hours,
transmural field stimulation was applied to the
preparations. This was delivered by a Grass S48
stimulator through two isolation units (SIU5).
Two platinum wire electrodes placed parallel
at each side of the strips with a distance of
1 mm to the preparation were connected to
the output of the isolation units. Square waves
of 0 4 msec duration were delivered in trains
of five seconds at supramaximal voltage. The
interval between the trains was two minutes.
Strips from the circular layer were stimulated
with a frequency of 10 Hz, and strips from
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the longitudinal layer were stimulated with a
frequency of 40 Hz. These frequency values are
optimal for the inhibitory responses normally
seen in circular muscle strips and for contrac-
tions in longitudinal muscle strips, respectively.'°
The protocol was approved by the local ethical

committee.

COMPOSITION OF SOLUTIONS
Krebs (mM): NaCl 119, KC 4-6, NaHCO3 15,
CaCl2 1-5, MgCl2 1-2, NaH2PO4 1[2, glucose 11.
Ca++-free medium (mM): NaCl 119, KCI 4-6,
NaHCO3 15, MgCl2 1 2, NaH2PO4 1 2, glucose
11, Ethyleneglycol-bis-3-amino-N-N tetracetate
(EGTA) 0 01.

DRUGS
Carbamoylcholine chloride (carbachol, Sigma),
papaverine sulphate (Danish Pharmacy Labora-
tories, DAK), tetrodotoxin (TTX, Sigma),
atropine sulphate (DAK), phentolamine
methane sulphonate (Ciba), propranolol
chloride (Ferrosan), ketanserin (Janssen).

Results
In both control and achalasia patients, circular
strips from the oesophagogastric junction invari-
ably developed active resting tension, which was
completely abolished by replacing the Krebs
solution with Ca++-free medium. Thus, no
further relaxation was achieved with addition of
papaverine (10- M), and the remaining baseline
tension therefore reflected the contribution from
passive elastic tissue components. Readdition of
Ca++ by replacing with Krebs solution restored
tension within five minutes.

In longitudinal muscle strips, the tension
applied by stretching the preparation was
unaffected by treatment in Ca++-free medium, or
by exposure to papaverine (10-4 M).
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Figure 1: (a) Tracingfrom a control patient showing the effect
oftransmuralfield stimulation (TMS) (supramaximal
voltage, 10 Hz, impulse duration=0 4 ms, train duration=
5 s) on a circular muscle stripfrom the oesophagogastric
junction. Atropine (Atr) does not affect relaxation, but the
'off-contraction in inhibited. Tetrodotoxin (TTX) completely
abolishes both responses. (b) Typical tracingfrom the circular
muscle layer of the oesophagogastric junction in a patient with
achalasia showing a contraction duringfield stimulation
(TMS). The contraction is abolished byAtrand TTX. In both
tracings the zero line is defined as the tension reached after
exposing the strips to Ca' -free medium.

inhibited by both atropine (10 6 M) and tetrodo-
toxin (3x 10 7M) (Fig Ib).

In strips from one patient, atropine lowered
tension and reversed contraction to a minor
relaxation approximately 30-35% of the active
resting tension (Fig 2).

LONGITUDINAL MUSCLE LAYER

Controls and achalasia
Strips from the longitudinal muscle layer always
contracted during field stimulation, and this
contraction was completely abolished by
atropine in both achalasia (n= 11) and control
strips (n= 14) (Fig 3). In achalasia strips, the
contractile response tended to continue to
increase after cessation of the stimulation in
contrast with the rapid decline in controls. Thus,
the contractile response was more prolonged in
longitudinal muscle strips from achalasia
patients than in preparations from controls.

CIRCULAR MUSCLE LAYER

Controls
In strips from the circular muscle layer (n= 18)
from control patients, field stimulation caused
immediate relaxation to the baseline tension,
sometimes followed by a contraction after cessa-
tion of the stimulus (Fig la). This relaxation was
unaffected by atropine (10'6 M), phentolamine
(106 M), propranolol (10'6 M), and ketanserin
(10'6 M), but completely abolished by tetrodo-
toxin (TTX) (3 x 10 M). The after-contraction
was reduced by 40% (28-53%) by addition of
atropine, and completely abolished by tetrodo-
toxin.

Achalasia
In circular muscle strips (n= 19) from patients
with achalasia, no relaxation during field
stimulation was recorded. Instead, a contraction
beginning shortly after initiation of the stimulus
was elicited, declining after cessation of the
stimulus. The contraction was completely

Discussion
A crucial finding in oesophageal achalasia is
lacking or incomplete relaxation of the lower
oesophageal sphincter in response to deglutition.
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Figure 2: Circular muscle strip from the oesophagogastric
junction in a patient with achalasta showing contractions
during transmuralfield stimulation (TMS). Atropine (Atr)
lowers basal tension slightly, and reverses contraction to a
weak relaxation. Ca '' -free medium abolishes resting tension.
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Postganglionic nervefunction in achalasia
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Figure 3: Tracings from the longitudinal muscle layer oJ the
oesophagogastric junction showing the effects oftransmural
field stimulation (TMS). (a) Control strip. During TMS a
contraction is evoked, and the strip relaxes rapidly after
cessation ofthe stimulus. Atropine (Atr) abolishes the response.
(b) Achalasia strip. The contractile response elicited by TMS
reaches maximum afew seconds after cessation ofthe stimulus,
and relaxes slowly to base line. The response is abolished by
atropine.

The reason for this functional failure of the
sphincter is not well understood. The current
view is that the condition is caused by a disturb-
ance in the nervous control of the organ." This
nervous disturbance could be located at any site
from the vagal centres in the medulla oblongata
to the neuromuscular junction in the oeso-
phageal wall. " In fact, pathological changes have
been reported in the oesophageal wall,5-' the
vagus nerve,'2 and the dorsal motor nucleus of
the vagus.7

Previous in vitro studies of muscle strips from
the oesophagogastric junction in patients with
achalasia are few,6 3- and only two of these
include strips from the circular muscle layer.6I3
Nicotine, a ganglionic stimulant, which norm-
ally relaxes circular muscle strips from the
oesophagogastric junction, gave no response in
one strip from a patient with achalasia.6 In
another study including circular muscle strips
from two patients, field stimulation elicited a
contraction mediated by muscarinic receptors. '3

In this study a relaxation could always be
elicited in circular muscle strips from the
oesophagogastric junction of controls. This
relaxation, which was due to stimulation of
postganglionic, inhibitory fibres, may be equiva-
lent to the relaxation of the lower oesophageal
sphincter elicited in vivo by swallowing. In
similar strips from achalasia patients, this
inhibitory response was never seen. Instead, all
strips contracted as a result of activation of
muscarinic receptors. In five patients, blockade
of muscarinic transmission with atropine
abolished contractions, and left the strips unre-
sponsive to field stimulation. In one patient
atropine reversed the contraction to a small
relaxation. Thus, the normal, very pronounced,
non-cholinergic, non-adrenergic inhibitory
response was absent in five of six patients with
achalasia, and only a remnant was demasked by
muscarinic blockade in the remaining patient.

Despite the absence of relaxation in response
to transmural field stimulation, achalasia strips
could be relaxed to base line by removal of
extracellular calcium, a finding that may have
clinical implications.

Longitudinal strips from achalasia and con-
trols contracted because of muscarinic receptor
activation. The response in achalasia strips,

however, was more prolonged than in controls.
This could indicate differences in neuromuscu-
lar transmission or in contractile activation.

Cholinergic fibres are present in the normal
lower oesophageal sphincter, and contribute to a
considerable part of resting tone.'6 1 In this
study, atropine did not lower tension in isolated
strips from the oesophagogastric junction, but
the presence of cholinergic innervation in the
normal oesophagogastric junction was illustrated
by the finding that atropine inhibited the 'off'
contraction of the circular muscle layer by 40%.
In longitudinal and circular muscle strips from
achalasia patients pronounced contractions
were shown mediated by muscarinic receptors,
and thus possibly caused by stimulation of
cholinergic nerves. Several other lines of
evidence point at a functional cholinergic inner-
vation of the lower oesophageal sphincter in
achalasia. Based on the effects of atropine, the
integrity of cholinergic nerves was considered
either normal or only minimally impaired in a
manometric study of the lower oesophageal
sphincter in achalasia patients.' Moreover,
the responsiveness of the lower oesophageal
sphincter to increase in abdominal pressure, an
effect that is vagally mediated, was normal in
eight of 10 patients with untreated achalasia.'9
Finally edrophonium, a cholinesterase inhibitor,
was reported to increase sphincter tone in these
patients, indicating an intact, postganglionic
cholinergic supply to the sphincter.2" A hyper-
sensitivity to cholinergic agents has been
reported in achalasia, however,34 a feature that
was attributed postganglionic denervation
according to the law of Cannon. We did not
examine the sensitivity to acetylcholine or other
drugs acting on muscarinic receptors, but pre-
liminary experiments do not indicate a super-
sensitivity to carbachol in isolated muscle strips
from patients with achalasia.

Paradoxical sphincter contraction after
cholecystokinin has been reported2' a character-
istic that was attributed impairment or absence
of postganglionic inhibitory fibres.
The contractile response to transmural field

stimulation in achalasia replacing the normal
relaxant response may also be correlated to
morphological findings in achalasia patients.
The most conspicuous finding in histological
examinations of the oesophagogastric junction in
achalasia is severe loss ofganglia in the myenteric
plexus.5-' The application of refined histological
techniques has given detailed information about
various transmitters and transmitter candidates
in achalasia. Thus, vasoactive intestinal polypep-
tide, a candidate for lower oesophageal sphincter
relaxation, was lacking in specimens from the
oesophagogastric junction in achalasia.2 In a
report from the same group, substance P and
enkephalin were not affected to the same
extent,23 which could indicate a certain select-
ivity of the neuronal impairment. Earlier studies
have shown acetylcholinesterase activity in tissue
from the oesophagogastric junction but not from
the oesophageal body,"4 suggesting a cholinergic
innervation of the oesophagogastric junction.
The significance of these findings should be

interpreted in the light of our current knowledge
about the control of oesophageal peristalsis.
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Primary peristalsis in initiated by vagal dis-
charge, but propagation of contractions in the
smooth muscle portion of the oesophagus as well
as lower oesophageal sphincter relaxation is
probably controlled by peripheral, intramural
mechanisms.!' These mechanisms, which in the
human sphincter include: (1) non-adrenergic
relaxation, (2) non-cholinergic, non-adrenergic
contraction, and (3) cholinergic contraction,
were differently affected in achalasia strips. The
first two were definitely impaired, whereas a
contraction mediated through muscarinic
receptors was prominent.
The cause of achalasia is unknown. In Chagas'

disease, local invasion of Trypanozoma cruzi in
the oesophageal wall is followed by neuronal
damage and secondary achalasia, which is only
distinguished from primary achalasia by sero-
logical tests.26 If local factors are also respons-
ible for the neuronal impairment in primary
achalasia, a clear selectivity is needed. Alternat-
ively, a compensatory mechanism with reinner-
vation by extrinsic vagal fibres could explain
the presence of a strong, but inappropriate,
cholinergic innervation.

In conclusion, this study shows a severe
functional impairment of postganglionic
inhibitory nerve function of the oesophago-
gastric junction in achalasia patients. A marked
contraction mediated by muscarinic receptors
was demonstrated, indicating either selectivity
of the neuronal lesion or reinnervation by
extrinsic, cholinergic fibres.
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Wara, lb Balslev, and Povl Bach-Nielsen are thanked for their
skillful assistance with the removal of biopsies.
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