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Esophageal transit scintigraphy in systemic sclerosis
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Abstract

Systemic sclerosis is a rare connective tissue disease, distinctive features of which are fibrosis and mi-
croangiopathy. The esophagus is one of the most commonly involved internal organs. Most patients
experience dysphagia, difficulties in swallowing and gastro-esophageal reflux. However, in up to one
third of cases, the initial onset of esophageal disease may be clinically silent. There are several diagnostic
modalities available for assessing both morphological and functional abnormalities of the esophagus. If
structural abnormalities are suspected, endoscopy is the method of choice. Functional evaluation is best
achieved with manometry. Both endoscopy and manometry are invasive techniques, with low patient ac-
ceptance. Barium-contrast study is well tolerated, but qualitative assessment of functional abnormalities
is imprecise. Esophageal scintigraphy is an easy, non-invasive, sensitive and specific diagnostic modality.
It can detect esophageal dysfunction even in asymptomatic patients. In patients already diagnosed with
systemic sclerosis, scintigraphy is useful in evaluating severity and progression of the disease.
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Introduction

Systemic sclerosis (SSc) is a rare connective tissue
disease of unknown etiology. Its hallmarks are pro-
gressive fibrosis and microangiopathy leading to skin
thickening, as well as dysfunction of multiple internal
organs [1]. The involvement of the gastrointestinal (Gl)
tract, primarily the esophagus, is observed in about 90%
of patients [2]. Difficulties with swallowing can be the
first manifestation of SSc, although in some patients an
ongoing esophageal disease may be asymptomatic for
a long time. Since esophageal dysmotility is prevalent in
SSc patients, its reliable detection is essential not only
for initial diagnosis, but also for monitoring progression
of the disease. Among different modalities dedicated
to upper Gl tract diagnostics, esophageal transit scin-
tigraphy is of particular interest, being a safe, easy and
well-tolerated technique.

Gastrointestinal involvement in systemic
sclerosis

The principal pathogenetic mechanisms of SSc are
increased synthesis of extracellular matrix followed by
progressive fibrosis and endothelial damage of small
vessels caused by as-yet-unknown factors. Both these
phenomena are well documented in the case of hands,
where fibrosis is seen as skin thickening with finger con-
tractures, and microangiopathy manifests as non-heal-
ing digital ulcerations with necrosis [3].

Similar processes are observed in the course of internal
organ involvement, including the Gl tract. Microangiopa-
thy causes tissue hypoperfusion and ischemia, which lead
to atrophy of the neural fibers and autonomic dysfunc-
tion. Muscarinic-3 acetylcholine receptor autoantibodies,
detected in the majority of patients with Gl involvement,
may directly disrupt cholinergic neurotransmission in the
smooth muscles [4]. As a consequence, esophageal reflex-
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es are weakened or suppressed, greatly impairing peri-
stalsis. Simultaneously, smooth muscle cells are replaced
by proliferating fibroblasts and deposits of collagen fibers
which thicken and harden Gl tract walls [5]. Telangiecta-
ses may form in the mucosal membrane, especially of the
stomach, causing bleeding and ulcerations.

The abovementioned pathologies are most prom-
inent in the lower esophagus, slowing the passage of
digestive contents from the esophagus to the stomach,
or even leading to gastrointestinal stasis.

A concurrent decrease in lower esophageal sphincter
pressure leads to the occurrence of gastroesophageal
reflux with induction of intestinal metaplasia (Barrett’s
esophagus) and increased risk of developing adenocar-
cinoma [4]. Involvement of the stomach, small intestine
and colon is less prevalent, affecting 20-70% of patients
with SSc [5].

Dysmotility and structural damage of the Gl tract
typically manifest as dysphagia, regurgitation, bloating,
heartburn, and in severe cases aspiration of digestive
contents, intestinal obstruction or malabsorption syn-
drome [2].

Diagnostic techniques for evaluating
esophageal motility

Several diagnostic modalities are useful for both
morphological and functional assessment of the esoph-
agus [6]. One of the most commonly performed pro-
cedures is upper Gl endoscopy (esophagogastroduo-
denoscopy). When stenosis, bleeding or malignancy is
suspected, endoscopic investigation is considered the
gold standard. However, this method has low sensitivity
in detecting functional disorders, and its usefulness in
early diagnosis of SSc is limited.

Manometry is a procedure dedicated to functional
evaluation of the esophagus. A probe equipped with
multiple pressure detectors is capable of measuring the
strength and amplitude of muscular contractions, both
at rest and during swallowing. In SSc patients, manom-
etry most commonly indicates hypomotility, that is low
amplitude of muscle contractions, infrequent contrac-
tions and overall ineffectiveness of peristalsis.

Both endoscopy and manometry are invasive tech-
nigues, with low patient acceptance. Especially manom-
etry is poorly tolerated, since it requires insertion of the
probe through the nasal cavity.

Fluoroscopic study with barium swallow is useful
in assessing upper Gl tract morphology and, to some
extent, esophageal motility [7]. During the test, barium
contrast medium fills the lumen of the Gl tract, outlining
its walls. Peristalsis is evaluated by means of real-time
fluoroscopic image acquisition. Barium swallow study
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is well tolerated, but precise qualitative assessment of
functional abnormalities is only approximate and has
low reproducibility.

Esophageal transit scintigraphy

Esophageal scintigraphy is designed to examine the
motility and speed of peristalsis [8]. The patient should
fast for at least 4 hours before the test. The scintigraphy
consists of swallowing a small amount of radiotracer
(usually technetium-99m labeled liquid) followed by
immediate image acquisition by a gamma camera. The
images are registered in two phases. The dynamic study
involves acquiring one image of the esophagus every
0.5 second for 2-3 minutes. After another 2 minutes,
a static image of the esophagus and upper stomach is
obtained, to detect late stagnation of the radiotracer in
the esophagus.

Computer-assisted analysis of images obtained in
the dynamic phase is the basis of qualitative, objec-
tive assessment of esophageal motility and peristalsis.
The upper Gl tract is divided into four regions of inter-
est (ROI), corresponding to the upper, middle and lower
esophagus and upper part of the stomach. From these
ROI, time-activity curves are created, which show how
fast the radiotracer travels through successive parts of
the upper Gl tract (Figs. 1, 2). Esophageal transit time
(ETT) and esophageal emptying time (EET) are useful
and repeatable parameters that can be calculated from
time-activity curves. Esophageal transit time is defined
as the time between the appearance of 50% of radio-
activity in the upper esophagus and clearance of 50%
of activity from the entire esophagus. By analogy, EET
is defined as the time between the appearance of 50%
of radioactivity in the upper esophagus and clearance
of 100% of activity from the entire esophagus [9].

Table | compares ETT and EET values in patients
with primary Raynaud’s phenomenon (RP), SSc and
healthy volunteers. Retention fraction is yet another
parameter for detecting esophageal dysmotility. It is
an activity retained in the esophagus at a given time
after the swallow divided by the maximal activity
and expressed as a percentage. Retention fraction at
90 seconds (R,,) seems to be most useful, as reported
by Nakajima et al. [10].

Esophageal transit study is routinely performed in
the supine position in order to eliminate the effect of
gravity on the radioactive bolus. Some authors, however,
postulate that position does not alter the results of the
study. In patients with severe dysphagia and high risk of
aspiration, scintigraphy can be performed in an upright,
sitting position (Fig. 3).
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Fig. 1. Normal esophageal transit scintigraphy — radiotracer reaches the stomach within first 5 seconds, af-
ter 40 seconds all the radioactivity is cleared from the esophagus (A). Static image obtained after 2 minutes
shows radiotracer in the stomach. Clinically insignificant traces of radioactivity are also visible in the oral

pharynx and upper esophagus (B).

i
i

L
=

I
|_-.lih_a-§- s B
|
T % B T O

—;i.——i-— ‘. i e
(TITIT
= - s
p—— :-:EEE |: ::ll: .......
| Er
s

I N e e e L A O
AR AR HSA RN BB E 1R
1 B

Fig. 2. Esophageal transit scintigraphy in patient with SSc — retention of the radiotracer in middle and lower
esophagus, no radioactivity visible in the stomach, prominent waves of retroperistalsis (A). Static image
obtained after 2 minutes shows only partial clearance of radiotracer to the stomach, with stagnation in the

middle and lower esophagus (B).

Esophageal scintigraphy has many advantages,
primarily precise qualitative assessment of esopha-
geal function, short duration, safety and high patient
acceptance. Moreover, the dose of radiation absorbed
throughout scintigraphy is several times lower than
during the barium swallow study [11].

The main disadvantage is rudimentary visualiza-
tion of anatomy, which makes it impossible to reliably
detect structural pathologies. For this reason, scintigra-
phy cannot replace endoscopy or barium swallow when
morphological abnormalities, e.g. stenosis or tumor, are
suspected. Despite high sensitivity and specificity of
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Table I. Comparison of esophageal transit time and esophageal emptying time in healthy individuals, patients with
Raynaud’s phenomenon and systemic sclerosis (after Bestetti et al. [9], with modifications)

Healthy controls Raynaud’s phenomenon Systemic sclerosis
ETT (s)
supine 7 9 16
upright 7 9 19
EET (s)
supine 40 163 362
upright 43 106 269

ETT — esophageal transit time; EET — esophageal emptying time; s — seconds

Fig. 3. Gamma camera configured for esopha-
geal scintigraphy in upright position.

esophageal scintigraphy, no universal study protocol has
been accepted so far. In different departments, the de-
tails of the scintigraphic procedure may vary significant-
ly, e.g. a solid or semi-solid radiotracer can be used, or
the scintigraphic images can be registered after several
successive swallows [12]. Also quantitative parameters
may differ, for example esophageal transit time is often
defined as the interval between appearance of 10% of
radioactivity and clearance of 90% of radioactivity from
the entire esophagus [13].

Significance of esophageal transit study
in systemic sclerosis

In SSc patients, the esophagus is one of the most
commonly affected internal organs. In the majority of
cases, symptoms of dysphagia and gastroesophageal re-
flux are present at early stages of the disease, although
in up to 30-40% of patients esophageal involvement
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may be clinically silent for a long time. There is no gen-
eral agreement which diagnostic test should be per-
formed as an initial screening in asymptomatic cases.
Considering the pathogenetic mechanisms of SSc, at the
very beginning of esophageal disease functional abnor-
malities are dominant, with slight or no morphological
changes. As it is, the screening method should focus on
evaluating motility and peristalsis of the Gl tract. In this
aspect, esophageal scintigraphy seems more appropriate
than the uncomfortable and poorly tolerated manomet-
ric study, especially because sensitivity and specificity of
both diagnostic modalities are comparable [8, 13, 14].
Assessment of dysphagia is useful in monitoring pa-
tients with high risk of developing SSc or related disorders.
The ‘early’ capillaroscopic scleroderma pattern observed in
RP patients can preexist for many years without any other
symptoms, before the full onset of SSc [15]. A similar phe-
nomenon may occur in esophageal dysmotility. Bestetti
et al. [9] compared scintigraphic values of ETT and EET
in patients with primary RR SSc and in healthy controls.
Compared to non-affected individuals, all SSc patients
had both parameters greatly increased. In the RP group,
ETT and EET were lower than in SSc, but significantly high-
er in comparison with healthy controls. Nakajima et al. [10]
demonstrated a correlation of esophageal dysmotility de-
tected in scintigraphy with disease severity in SSc. No pro-
longed retention was detected in patients with suspicion
of SSc. In the case of definite SSc diagnosis, more severe
impairment of peristalsis was reported in patients with
diffuse SSc and extensive skin involvement (> 10 points
in modified Rodnan skin score) than in individuals with
limited SSc [10, 16]. Kinuya et al. [17] noted a negative cor-
relation between diffusing capacity of the lung for carbon
monoxide (%D, ) and esophageal hypomotility. This sug-
gests the possibility of indirect assessment of interstitial
lung disease severity, based on the degree of esophageal
stagnation [17]. Finally, scintigraphy, being a simple and
non-invasive study, seems to be an optimal diagnostic
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technique for routine monitoring of esophageal disease
progression, as suggested by Vischio et al. [18].

Summary

Esophageal transit scintigraphy is a sensitive, spe-
cific, safe and well-tolerated procedure. Despite the fact
that it cannot substitute endoscopy or barium swallow
study in detection of morphological abnormalities, it is
an easy and efficient technique for functional evaluation.
In SSc, esophageal scintigraphy is an attractive screening
tool during initial diagnosis and a simple and repeatable
method for monitoring progression of the disease.
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