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To my father, who devoted his life to science aedearch.

1. INTRODUCTION

The oesophagus is the most proximal part of thdr@atestinal tract, which is
responsible for transporting food from the mouthh® stomach and for preventing retrograde
movement of gastric contents. It is a hollow tulmsed at both ends by the upper oesophageal
sphincter (UOS) and lower oesophageal sphincterSjL@s lumen is lined with squamous
mucosa, containing longitudinally oriented musdleerfs, and connected to the muscularis
propria by a loose network of connective tissueerbof the submucosa. The muscularis
propria consists of an inner circular muscle layéth fibers oriented along the circumference
of the tube, and an outer longitudinal layer, witkers oriented along its axis. The muscular
structure of the pharynx and the proximal oesopbagutain striated muscle, while the lower
two thirds of the oesophagus contain smooth muddie. innervation of these parts is also
different. While the striated muscles are contblby the swallowing center, located in the
brain stem, through the vagus nerves, the lowerthivds are controlled primarily by intrinsic
neural networks located between the longitudinad aircular muscle layers and in the
submucosa and only modulated by central mechanisthge swallowing center.

The normal oesophageal peristalsis is resultechéycbordinated contractory function
of the circular and longitudinal muscle layers. Hreular layer is responsible for maintaining
the pressure necessary for bolus transport, wkigasy to measure by manometry. Normally
peristaltic waves have the lowest amplitude at kel of the aortic arch, which is
anatomically representing the transition zone betwstriated and smooth muscle containing
parts of the oesophagus. The peristaltic wave andgls are increasing from this point to the
LOS. The function of the longitudinal muscles whare responsible for the shortening of the
oesophagus are more difficult to study. The fumctad the upper and lower sphincters are
closely related to the function of the tubular pafrthe oesophagus. The sphincters are closed
at rest, and so the LOS prevents the regurgitatiagastric contents to the oesophagus, while
the UOS is avoiding regurgitation to the pharynxi @onsequently to the respiratory tract.
During swallowing the relaxation of these circunefaeial muscular structures makes possible
the transit of the bolus. Furthermore the LOS ik db relax transiently without previous
swallowing when the fundus of the stomach is diéehn

Oesophageal motility disorders are characterizedthgy derangement of this well
coordinated function, and classified into primamngl aecondary motility disorder&@ able 1.)



Primary motility disorders: Secondary motility disorders:
Gastro-oesophageal reflux disease Diabetes mellitus
Achalasia cardiae Autoimmune connective tissue disorders
Diffuse oesophageal spasm - primary Sjégren’s syndrome,
Nutcracker oesophagus - progressive systemic sclerosis

Hypertensive lower oesophageal sphincter - CREST-syndrome
Cricopharyngeal hypertonia and achalasia - polymyositis-dematomyositis
Non-specific oesophageal motility disorders- mixed connectivetissue disease
Neuro-muscular disorders
Chagas’ disease
Amyloidosis

Table 1. Classification of oesophageal motility disorders

Among the primary motility disorders gastro-oesayga reflux disease (GORD) is the
most prevalent and though the most extensivelyistudy definition, GORD is a complex
motility disorder of the upper gastrointestinaktravhich is characterized by the regurgitation
of gastric/duodenal contents into the oesophadies,ntouth or to the respiratory tract and
causing oesophageal or extraoesophageal symptoomnplications. Epidemiological studies
made in Europe and in the United States confirnteed approximately 20 percent of the
general population complains of its typical sympsgoifheartburn, regurgitation) at least
weekly, which has a significant impact on the gyaif life of the patient§54, 59, 64, 84, 85]
Patients with GORD may have atypical symptoms d& Waypical symptoms may arise from
the oesophagus such as dysphagia and odynoph#ges bave extraoesophageal origin. This
latter group includes non-cardiac chest pain argpiratory symptoms. Furthermore, it is
possible that the disease is presented by onlycatlypymptoms, and typical symptoms may be
completely absent. This “silent” form of the diseas invisible for the epidemiologic studies
and so the prevalence of GORD must be underestinidig XI, XIlI]

Data support that as high as 40 percent of patieititschest pain and normal coronary
angiography may have acid reflux as a cause of gysnptom, while in case of respiratory
disorders the prevalence of silent GORD may ex&epercent[38, 61]

Although the major pathophysiological factors of Q) such as LOS incompetence,
transient LOS relaxations, oesophageal body dyéityptdelayed gastric emptying, hiatal
hernia are widely studied and well described, tla¢h@genesis of the extraoesophageal
manifestations are still poorly understood. Among éxtraoesophageal symptoms chest pain
has a special importance, since it could be calgedyocardial ischaemia as well. Although it
was believed earlier that chest pain episodes sdigageal and cardiac origin could be clearly
distinguished[5, 6], the time that has subsequently passed has revtae the differential
diagnosis of chest pain is often difficult. In cegsence of this, the evaluation of the



symptoms themselves is not sufficient to predietuhderlying disease. It has been shown that
up to 40 per cent of the patients, admitted torarmry care unit with typical angina-like chest
pain have a normal coronary anatorfiy2] The majority of their chest pain events might,
however, be caused by gastro-oesophageal refluxasks or other oesophageal motility
disorders as it has been established by functioesbphageal testingg, 41, 53, 60, 61, 87,
111] Furthermore, oesophageal causes of non-cardiast ¢fan can also be observed in
patients with coronary artery disease with a simiaidence[42, 67, 93]This large overlap
between patients with cardiac and non-cardiac cpeast events has raised the question
whether this is only a coincidence or a causatink éxists between thenj62] Since the
oesophagus and the heart share their innervatieshamical or chemical stimulation of the
oesophagus may evoke coronary spasm and subsdroedtflow reduction, which may lead
to myocardial ischemia and subsequent chest p&iis. fhenomenon has been designated as
linked angina[4, 17, 65, 68, 101, 104, 110, IX]

Data on the prevalence of the oesophageal acidserponduced oesophago-cardiac
reflex are still missing in humans; and only a fstudies have evaluated the incidence of
linked-angina i.e. the oesophageal acid exposuheeed myocardial ischaemia mediated by
the oesophago-cardiac refl¢R3, 62, 72]

Respiratory diseases have a two way relationship WORD. On the one hand,
GORD is an important pathogenetic factor of chramispiratory diseases. Many symptoms
and diseases of the upper and lower respiratomt, tisuch as chronic cough, recurrent
pneumonia, bronchial asthma, pulmonary fibrosispweic sinusitis, inflammation, ulceration
or granuloma of the vocal cords, can be causedradtained by GOR2, 43, 100]Possible
mechanisms are proximal reflux with subsequent oaispiration and a reflex mechanism —
similar to the oesophago-cardiac reflex — when tegurgitating acid triggers the
chemoreceptors of the distal oesophagus and ingiileetory bronchoconstrictio96, XII]

On the other hand respiratory disorders may aleggie GOR, due to the anatomical change
of chest form, and the increased transdiaphragrpeggsure gradient.

Although the prevalences of chronic respiratory gjoms and diseases associated with
GORD differ considerably, examinations have maibBen carried out on patients with
pulmonary diseases. These investigations have shbathh GORD is responsible for the
generation or maintenance of chronic cough in 18s-40the patients, while the prevalence of
GORD among asthma patients has been reported 30-9%.[32, 37, 77, 90, 92, XI, XII,
XIlll] There have been only a few studies on the pregalehrespiratory complications in a
non-selected population of GORD patients. The pesea of pulmonary disorders among



patients with oesophagitis has been estimated tbdeeen 0.5 and 17%, and bronchial
asthma is reported by 9% of subjects with GORD gpmpg[25, 33, 39]

Secondary motility disorders of the oesophagus draracterized by oesophageal
hypomotility, and though they commonly show feasuoé GORD. Diabetes mellitus is known
to be the most common cause of secondary gastsomde motility disorders[VII] .
Epidemiological studies have revealed that nedsht ©f patients with diabetes mellitus have
gastrointestinal symptoms, independently of thee tgp the diseasd86] These may include
swallowing difficulties, reflux symptoms, dyspepsgmptoms, and also problems with bowel
transit and defecatiorf9] Various types of gastrointestinal motility distarites have been
described at different levels of the gut, includiag impaired oesophageal transit, delayed
gastric emptying, impaired gallbladder functionywed transit or defecatioril, 2, 9, 19, 44,
63, 69, 88, 97]n the pathogenesis of diabetic gastrointestinatility disturbances, autonomic
neuropathy, hyperglycemia and altered visceral ggion are believed to play significant
roles.[7, 49, 50, 51, 57, 70, 73, 82, 8AJthough autonomic neuropathy is thought to be
important in the development of the gastrointestmator disorders, in most studies groups
are not selected according to the presence of atiemeuropathy.

Autoimmune connective tissue diseases are rareesanf oesophageal motility
disorders. On the contrary oesophageal involveneritequently present in most of these
diseases and symptoms related to the oesophagedl/dment may disturb the patient
significantly. Though, the pathogenesis of thesenppms and their relation to other
manifestations of the disease is an important guestAlthough patients with primary
Sjogren’s syndrome are often (up to 80%) compldidifficulties in swallowing, only a few
studies have evaluated the oesophageal motor dunictithe diseas¢3, 34, 45, 56, 76, 103]
For the diagnosis the involvement of the salivargl &acrimal glands results in xerostomia and
keratoconjunctivitis sicca are obligatory. Besidlesse local glandular manifestations, other
organs (e.g. gastrointestinal, respiratory traht$, etc.) are often affectd@0, 74, 106]

2. AIMS

With this in mind, the aims of the studies sumnmedim the thesis were to investigate

the pathogenesis of the extraoesophageal manifestadtf GORD, with a special respect to

the cardiac and respiratory complications. Secqnillg evaluate the characteristics of the

esophageal motility disorders in patients with typpeliabetes mellitus and in patients with

primary Sjogren’s syndrome.




Detailed aims of the experiments were:

1.

To evaluate the cardiac manifestations of GORD. E&s&blishment of the
prevalence the oesophago-cardiac reflex charaeterlsy gastro-oesophageal
reflux induced coronary flow decrease, and its fpbssonsequence: the “linked-
angina” in patients with angina-like chest pain.

To evaluate the relationship between the presehoesmphago-cardiac reflex to
different coronary artery diseases and gastro-desgygal reflux disease.

To develop a new diagnostic method - transoesophag@oppler
echocardiographic coronary flow velocity measuremerombined with
oesophageal acid perfusion test — for the estabésih of the oesophago-cardiac
reflex.

. To establish the prevalence of chronic respirateyynptoms and diseases in

patients with GORD in Hungary.

To compare the results of upper gastrointestindbsoopy, 24-hour oesophageal
pH monitoring in patients with gastro-oesophagesflux with and without
respiratory manifestations.

. To evaluate the association between gastrointéspmptoms and motility

disorders at different sites of the gastrointestirect, with special respect to the
oesophagus in patients with type 1 diabetes megllitu

To evaluate the characteristics of the oesophagedlity disorders in patients

with type 1 diabetes mellitus.

To establish the oesophageal motility disordergatients with primary Sjogren’s

syndrome, and to examine its relationship to thetesyic and oesophageal
symptoms of the disease.

3. PATIENTS AND METHODS

3.1. Patient selection

Study protocols were approved by the Medical EtRiosnmittee of the University of Szeged.

All patients signed the consent form prior to ement.

3.1.1. The establishment of oesophago-cardiac refléen patients with angina-like chest

pain.

Fifty-one patients (24 males, 27 females, mean54gd3 years, range: 36-74 years)

with class Il chest pain according to Canadian {@aescular Society were enrolled after a



detailed cardiologic evaluation including coronaaygiography. Nineteen patients had
significant epicardial coronary artery disease veteof them had the involvement of the left
anterior descending artery, and 8 had stenosishardarge vessels. Thirteen patients had
microvascular disease and normal epicardial coyomaateries. Ten patients had coronary
spasm, 7/10 had spontaneous spasm resolved bgadrdararial nitrate administration, and
3/10 had provokable spasm by ergonovine testinge Niatients had negative cardiologic
evaluation. These were considered to have nonaarchest pain. Patients with autonomic
neuropathy (diabetics, chronic alcohol consumeis),eor with an impaired left ventricular
function (ejection fractios 50%), or with left main coronary artery stenoserevnot enrolled.
The studied patients were screened for GORD by smmehgsymptom analysis, and were asked
to fill a standardized questionnaire regarding rttsgimptoms related to gastro-oesophageal
reflux disease, such as heartburn, chest pain asitiogoesophageal acid regurgitation. Upper
gastrointestinal endoscopy, 24-hour pH monitoringrev performed. Spastic oesophageal
motility disorders (such as diffuse oesophageakmspaand nutcracker oesophagus) were
excluded by oesophageal manometry.

3.1.2. The evaluation of chronic respiratory symptms and diseases in patients with
GORD.

Two hundred and ninety-nine consecutive patienth wymptomatic GORD (154
women, 145 men) were enrolled in the study betwld&€? and 2000. The diagnosis of GORD
was based on the results of upper gastrointeséindbscopy and 24-hour pH monitoring,
extended by oesophageal manometry and video basgsuophagography if the 24-hour pH
monitoring study failed to reveal a significant gasesophageal reflux. For the evaluation of
reflux and respiratory symptoms, the patientsdilie a detailed questionnaire that contains the
patient's history, medications, life habits and ajimptoms of GORD including the
oesophageal and the extraoesophageal ones. Tleatpdiiled in this questionnaire at two
separate occasions, with the help of a doctor had bf a nurse. The questionnaire was an
adopted version that has extensively been useakititerature[1059 The diagnosis of upper
or lower airway diseases was established from ekalts of further pulmonological and oto-
rhino-laryngological investigations.

3.1.3. The evaluation of oesophageal and other gashtestinal motility disorders in
patients with type 1 diabetes mellitus.

Sixteen patients with long-standing type 1 diabetedlitus and 29 age and sex
matched healthy controls were studié@able 2.) The presence of organic gastrointestinal



diseases and non-diabetic causes of neuropathy exeteded in all patients. Controls were
free of any gastrointestinal symptoms. As concémespresence of gastrointestinal symptoms,
patients were asked to complete a questionnairall@ming disorders, reflux symptoms
(heartburn, and regurgitation), abdominal pain,péysic complaints (fullness, early satiety,
bloating and nausea), and problems with bowel mevesand stool evacuation were scored
according to Talley's questionnaire. Frequencysawrity scores were obtained. The absence
of symptoms was scored as zero. The severity ssae4 if the symptom was intolerably
severe. The frequency was scored as 4 if the symptesented regularly after each mz)
Patients were evaluated in an inpatient manneioodgsucose levels were normalized initially,
and manometric studies had already been perfornreterunormoglycemic conditions.
According to this, blood glucose levels were checiethe beginning of the studies and were
between 4.5 and 7.0 mmol/L in all patients. Durihg short procedures (procedure time less
than 30 minutes), such as oesophageal and and-negteometry blood glucose levels were
measured only at the beginning of the study. Oncthr@rary, during the gastric manometry
blood glucose levels were checked at 2 hours artldeaénd (4 hours) as well. Patients were
fasted overnight before the procedures. The apgatepblood glucose level was achieved by
the administration short acting sc. insulin injen8 and/or intravenous glucose (5%)
administration prior to the procedures as needed.

Diabetics Controls p
n (M/F) 16 (8/8) 29 (13/16) =0.76
age (years) 53t15 47+14 =0.19
BMI 25.845.5 27.315.0 =0.36
DM duration (years) 22+15 - -
HbAlc (%) 9.6x+1.6 - -
Blood glucose (mmol/l) 5.8+0.8 5.5+0.6 =0.16
Ewing's autonomic neuropaty score 5.73+2.34 0.30. <0.01

Table 2. Demographic parameters of the studied patientta Bapressed as meeB8D. The blood glucose
levels were measured just before the manometricgoiures. During gastric manometry blood glucoselsev

were controlled 2 and 4 hours after the beginnihthe procedure, and were %®8 and 6.20.7 mmol/l
respectively.

3.1.4. The evaluation of oesophageal motor functidn primary Sjogren’s syndrome.
Twenty-five patients (22 women, 3 men) with systesymptoms, who met the criteria
of the European Community Study Group were studiel®97 and 199§107] Patients had a
detailed clinical evaluation including routine angmunological laboratory tests and lower lip
histology at the time of the diagnosis of primajygben’s syndrome several months before the
enrolment to this study. At the time of enrolmehgir mean age was 55 (range 31-75) years,



and the mean duration of the disease was 14 (21399 years. All patients were submitted to
detailed symptom analysis regarding the swallowfumgction, oesophageal manometry and
salivary function test. The swallowing symptom gs& was performed by means of a
symptom scoring questionnaire. Swallowing diffigult.e. dysphagia, comprises symptoms
ranging from a moderate sensation of slowing ofagophageal passage to the typical feeling
of the sticking of solid foods or even liquids. Tpatients were asked about the typical site
(from the mouth to the cardia) and the frequencydysphagia (0: no dysphagia; 1: less than
one episode of dysphagia/week; 2: one or more @psof dysphagia/week,3: one or more
episodes of dysphagia/day; 4: one or more episotlelysphagia/meal; and 5: problems at
each swallow), the quality of food sticking ( salidliquids or both), the typical food causing a
symptom, the requirement of liquid for swallowiry fiever, 1: sometimes, and 2: always), the
presence of odynophagia (pain associated with swailb) (0: never, 1: occasionally, and 2:
regularly), and the frequency of aspiration durangeal (O: never, 1: less than one episode/
week, 2: one or more episodes/week, 3: one or mepisodes/day, and 4: one or more
episodes/meal). For the manometric examinatioren&ra group of 42 subjects — consisted of
healthy volunteers and of patients admitted to hlespital because of minor abdominal
complaints, who did not exhibit any upper gastestinal symptoms, all of whom likewise
gave their signed informed consent — were enrolléetse latter patients did not suffer from
metabolic disorders or autoimmune connective tiskseases.

3.2. Methods

3.2.1. Upper gastrointestinal endoscopy

Upper gastrointestinal endoscopy was performedstabéish the presence and the
severity of oesophagitis (GIF Q130, Olympus, Japamnd to rule out organic upper
gastrointestinal abnormalities (e.g. tumors). e grading of oesophagitis the Savary-Miller
classification system was used when respiratoryptications of GORD had been evaluated.
[89] This scoring system (Grade | — diffuse hyperaem@ated macular/linear erosions at the
gastro-oesophageal junction, Grade Il — confluenuisiens involving only a part of the
oesophageal circumference, Grade Il — conflueasiens involving the whole oesophageal
circumference, Grade IV — presence of chronic fesicsuch as ulcer, stricture, Barrett's
metaplasia or adenocarcinoma) was supplemented thih stage “0” representing the
macroscopic integrity of the mucosa. As the new Rogeles classification system became
widely accepted it has replaced the Savary-Milletem in our laboratory also. Though this
new endoscopic classification system was used whercardiac manifestations of GORD



were evaluated[66] This allowed us a more appropriate semi-quantgagirading of the
severity of oesophagitis: no erosions = 0, gradeA_A 1 (isolated, less than 5mm long
macular or linear erosions at the top of the mudosds), grade LA-B = 2 (isolated, more than
5mm long erosions at the top of the mucosal foldsade LA-C = 3 (erosions extending
between the tops of the mucosal folds, involvirgslthan 75% of the luminal circumference),
grade LA-D = 4 (erosions extending between the tipthe mucosal folds, involving more
than 75% of the luminal circumference).

3.2.2. 24-hour intraoesophageal pH monitoring

The 24-hour intraoesophageal pH monitoring studiese carried out in an inpatient
basis using the classical DeMeester critef2®, 21] A single channel, naso-oesophageal,
antimony pH-probe (Synectics Medical, Sweden) wasitpned 5 cm above the lower
oesophageal sphincter, and was connected to ebfdata logger (Digitrapper Mark 11 Gold
or Digitrapper MD, Synectics Medical, Sweden). Tdwmmputer-assisted data analysis was
carried out with the EsopHogram 5.60 or PolygramViindows 3.1 software (both supplied
by Gastrosoft Inc., Sweden). The parameters medsugee: the percentage of the time below
pH 4, the total time below pH 4, the number of pHepisodes, the number of pH<4 episodes
longer than 5 minutes, the longest pH<4 episode, the DeMeester score. Postprandial
periods were evaluated according to the Masonriaitg/1] The administration of drugs,
which have an effect on acid secretion, or on gag@stinal motility were appropriately
stopped 48-168 hours before the study.

3.2.3. Manometric studies

Oesophageal motility was studied on the basis std&ll&ss criteria.[10, 11, 18, 35py
standard, water perfusion, stationary manometryy(ffaph HR, Synectics Medical, Sweden)
with computer-assisted analysis of the tracingdy@am 5.06C2 UGI Edition, Gastrosoft
Inc., Sweden). For the procedure, a multi-lumemn-é@mpliance, naso-oesophageal catheter
was applied. The competence of the lower oesophapeencter (LOS) was estimated by
station pull-through technique. The oesophageay lhaniction was studied at 4 points: 3, 8, 13
and 18 cm-s above the LOS by measuring the ampliting duration, the propagation velocity
of the contractions and the frequency of simultasewaves after wet (5¢mof room-
temperature tap water) and dry swallows. 10 swallofveach type were performed at least 30
seconds apart. In the upper oesophageal sphind@®), the pressure profile and relaxation
were studied. In the pharynx (PHX) the amplitudecohtraction was measured, with the
analysis of the UOS-PHX coordination. Prior to thanometric examinations the presence of
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organic oesophageal diseases (webs, stricturesratignancies) were excluded by upper
gastrointestinal endoscopy in all cases, and thmirastration of the drugs affecting
oesophageal motility was suspended appropriatelyoi8s before the study.

For gastric manometry, a similar, water-perfusedItifumen, low-compliance
catheter was positioned into the gastric antrumeurfidioroscopic control. 4-hour periods of
fasting were recorded, and the presence of theatmgr motor complex (MMC) I-lI-11l phases
was analyzed. The gastric motility was considerathgogic if no phase lll activity was
found. Total gastroparesis was diagnosed when erethase 11l nor phase Il activity was
detected.

For the recto-anal studies, the Polygram 5.06C2 E@tion (Gastrosoft Inc., Sweden)
software was used. A Marquat probe was placedtioanus. The balloon on the tip of the
probe was used for air inflation and positionea itite ampoule of the rectum. The two other
balloons were placed into the internal (IAS) antemal (EAS) anal sphincters to measure the
sphincteric functions. The resting pressures ol lsphincters, and the presence of recto-anal
inhibitory (RAI) and contractory (RAC) reflexes wastablished during 5 increasing volumes
(10, 20, 30, 40 and 50 ml) of air inflation. Thelwaary contraction (VC) capacity and the
efficacy of expulsion (VE) were also studied. VEswansidered effective if the EAS pressure
simultaneously dropped with elevation of the IA8gsure.

Our normal ranges, which were set upon the resbiltgined in healthy subjects or in
patients referred to our hospital because of matmtominal complaints, and who had no
evidence of gastroenterological disease, corregzbma the internationally accepted values.
[80] [24]

3.2.4. Coronary angiography

The coronary angiography was carried out in allghgents prior to the enrolment to
the study, according to the standard Seldingernigae. Lesions were considered to be
significant in case of at least 70% narrowing of ttoronary artery lumen, causing typical
chest pain and myocardial ischaemia confirmed by ointhe following non-invasive tests:
tredmill exercise electrocardiography, myocardiabotope perfusion test, stress
echocardiography. When signs of suspected cororspgsm were detected (n=7),
intracoronarial glyceril-trinitrate (2Q@) was administered to prove the presence of coyona
spasm. Patients with a previous history of susplecteonary spasm, but having no signs of
this at the time of coronarography (n=3), were sitieh to a provocative test, involving the
intracoronarial administration of increasing dosd¢sergonovine (5, 10, 25 and 5@) to
evaluate the presence of provokable coronary asggagm.
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3.2.5. Coronary flow reserve (CFR) measurement

The coronary flow reserve was established by tresmohageal Doppler
echocardiography (Toshiba Power Vision). A 5 MHzltiplane transducer was introduced
into the oesophagus. Flow velocities were measurgde LAD according to our previously
published protocol[75] originally described by lliceto et al46] Briefly, 0.56 mg/kg
dipyridamole was administered intravenously in sques. The CFR was calculated as the
ratio of the peak and the baseline diastolic fle@logities. In line with to our previous results,
the CFR was accepted as normal if it exceeded Z5%.1n patients with intact large coronary
arteries at coronary angiography the decrease & @presents microvascular disease by
definition.

3.2.6. The establishment of the oesophago-cardiaefiex

Patients were fasted overnight before the studgiriiegular anti-ischaemic treatment
(such as Ca-channel blockers, beta-receptor blsakenitrates) was suspended 24-48 hours
before the study. Only anti-platelet aggregatiod statin therapy was preserved. During this
period, the patients were allowed to use sublinguatiministered short-acting glyceryl-
trinitrate for their chest pain as required up lud® hours before testing. The test was
postponed if the patient needed this treatmentnduthe last 12 hours. Drugs affecting
gastrointestinal motility, acid secretion or visgesensitivity were also stopped appropriately
before the study. First a naso-oesophageal perfusatheter was positioned into the middle
oesophagus, 15 cm above the lower oesophagealcsghi80 minutes before the insertion of
the transoesophageal echocardiographic transducEar the transoesophageal
echocardiographic measurement, a multiplane 5 MHmstlucer was placed into the
oesophagus in a left lateral decubitus positioowRlelocities were measured in diastole in the
left anterior descending artery (LAD), and continsly recorded on videotape during the
study. To detect any critical myocardial perfusiaihanges, the standard 12-lead
electrocardiogram (ECG) was monitored continuodblpughout the study. In case of any
significant ST segment changes and/or dysrhythiiiasstudy was terminated immediately.
Baseline coronary flow measurements were made affeminutes adaptation period. During
the acid stimulation test 0.1 N HCI and 0.9% Nafllisons were perfused in a double-blinded
manner into the middle oesophagus, at a rate ahillditres per minute for 10 minutes. The
ratio between the LAD flow velocities during HClcaMNaCl perfusion was calculated. In
preliminary studies, receiver operating charadieri(ROC) plots were done on the acid
perfusion induced flow changes with respect toabeompanying chest pain. We set the cut-
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off at a reduction of 15% in the coronary flow ety for establishing the presence of the
oesophago-cardiac reflex with a sensitivity of 92.and a specificity of 53.3%. The area
under the ROC curve was 0.874 indicating a goolityabf the test to distinguish between the
presence and absence of the oesophago-cardiag. r€ile this basis, the patients, who
exhibited a higher than 15% decrease in coronaww flelocity during oesophageal acid
stimulation were considered to have oesophago-@ardilex, while the others were not.

3.2.7. Cardiovascular autonomic neuropathy testing

The autonomic neuropathy was evaluated accordinthéostandard cardiovascular
reflex tests of Ewingl27] Of the five parameters measured, 3 representepiafasympathetic
function (beat-to-beat variation of the heart ratedeep breathing, the heart rate variation on
standing up (30/15 ratio), and the Valsalva-mancguand 2 revealed the sympathetic
function (change in blood pressure on standingyipg-to-standing ratio) and in response to a
sustained handgrip). The normal values are sumsgthriz Table 4. Each parameter was
scored between 0 to 2, for normal (=0), border{mk) or abnormal (=2) absolute values. An
overall score between 1 and 3 corresponded to rbiédween 4 and 6 corresponded to
moderate, and the interval 7-10 corresponded terseautonomic neuropathy.

3.2.8. Evaluation of salivary function

Both the unstimulated (basal) and the stimulatedlevhsaliva production were
measured in all patients. The salivation test wasied out under standardized conditions
between 9 and 11 a.m. Patients we re instructéabstdefore the procedure. Neither eating nor
drinking nor smoking was allowed for at least 1 fidirs before the saliva collection. For the
study, a sterile absorbent gauze was placed bettheelower lip and the teeth of the patient,
who was sitting in an upright position leaning ktlg forward. Patients were not allowed to
swallow, masticate or speak during the examinawth unstimulated and stimulated whole
saliva collection lasted for 10 minutes. During gtienulated saliva production, 1 drop of 2%
citric acid solution was placed on the surfacehaf tongue at the beginning and in the fifth
minute of the examination. The difference in theghts of the gauze before and after the
procedures gave the amount of saliva produced. Wnemethods were established earlier,
we also determined the saliva production in 96 rarsubjects. With our method, the
unstimulated saliva production was considered todakiced, if it had bees1.0 ml in 10
minutes. This corresponded well to the internatignaccepted valug¢107] The stimulated
production was determined abnormally low, if it Heeen<4.0 ml in 10 minutes.
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3.2.9. Laboratory investigations and lower lip histlogy in patients with primary
Sjogren’s syndrome.

Routine laboratory and immune serological examamsti we re performed in all
patients: anti-nuclear antibody (ANA; indirect imnaufluorescence on rat liver substrate),
IgM rheumatoid factor (latex test, positive if titel:40) , anti-native DNA (radio immune
assay ) , anti-SSA , anti-SSB, anti-RNP and anti-&mtibodies (enzyme linked immune
sorbent assay; Immuno DOT), and concentrations ashptement C3 (rocket immune-
electrophoresis). A lower lip biopsy was performed23 of the 25 patients for histological
examination of the minor salivary glands. The restds considered positive, if at least one
focus of>50 mononuclear inflammatory cells per 4 fwas found[107] The lip biopsies
were carried out several months or even years twithis oesophageal manometric study.

3.3. Statistical analysis

Analyses were done by running GraphPad Prism 33@2aphPad, San Diego, CA).
Frequency distribution analysis was carried outh®y Chi-square test or the Fischer’'s exact
test; group means were compared by the Studergared T-test, with the Welch's correction
if needed. If means of more than two groups wemapared, one-way analysis of variance
(ANOVA) was carried out first, followed by NewmareKlls post hoc test. Correlation analysis
was done by the Pearson's test. The level of gignife was set at p<0.05. Data are presented
as means. Standard deviations (SD) or errors (SE#inarked appropriately.

4. RESULTS

4.1. The establishment of oesophago-cardiac refldn patients with angina-like chest
pain.

Table 3. summarizes the results of the demographic datghef patients. The
gastroenterologic evaluation of the studied pasishbwed, that typical reflux symptoms, such
as heartburn and acid regurgitation were preseulady (>1/week) in 37 and 35 percent of
the patients respectively. These data were sinmlall of the studied patient subgroups.

On endoscopy, erosive oesophagitis was preserd/t1 45%) cases (16 patients with
Los Angeles grade A, 6 with grade B, and 1 withdgr& oesophagitis). Patients with positive
oesophago-cardiac reflex test had higher oesophagibre values (LA-A 8/25, LA-B 5/25,
LA-C 1/25), than those with negative test (LA-A 8/2A-B 1/28, LA-C 0/28)Figure 1A.).
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The 24-hour pH monitoring revealed an incidence28f51 (45%) for pathologic
gastro-oesophageal acid reflux. Although abnormah@ur pH monitoring results were found
more often in patients with NCCP or coronary spas$mn in the other patient groups this was

not statistically significant.

All CAD MD Spasm NCCP p=
n (males) 51 (24) 19 (9) 13 (6) 10 (4) 9 (5) NS
Age 54.6+1.3 57.6£2.1 57.1+1.6 49.9+2.3 51.4+3.6 NS
BMI 28.5+0.8 28.1+1.6 30.2+1.0 28.5+1.8 26.7+2.3 NS
Chest pain 51/51 19/19 13/13 10/10 9/9 NS
Heartburn 19/51 5/19 5/13 4/10 5/9 NS
Regurgitation 18/51 6/19 4/13 4/10 4/9 NS
o  Noerosions 28/51 12/19 5/13 5/10 6/9 NS
S LA-A 16/51 5/19 7113 1/10 3/9 NS
gx LA-B 6/51 2/19 1/13 3/10 0/9 NS
g LA-C 1/51 0/19 0/13 1/10 0/9 NS
LA-D 0/51 0/19 0/13 0/10 0/9 NS
Abnormal 24h pH 23/51 7/19 4/13 7/10 5/9 NS
OCR 25/51 7/19 4/13 10/10 4/9 0.01

Table 3. Characteristics of the studied patient groups. CABDy significant epicardial coronary artery
disease, LAD: significant LAD disease, MD: microgakar disease, NCCP: non-cardiac chest pain, OCR:
oesophago-cardiac reflex. Data are expressed asHBEM.

Of the different pH parameters studied the "DeMsesicore"(Figure 1B.), the
"number of prolonged (>5 minutes) pH<4 episodésigure 1C.), the "number of pH<4
episodes” (data not shown) and the fraction timovwepH 4 (data not shown) showed
correlation with the presence of oesophago-candifiex. In patients with non-cardiac chest
pain, i.e. macroscopically normal coronary artedad normal CFR (n=9), the prevalence of
gastro-oesophageal reflux disease was 5/9 (55%thdrremaining 4 cases the oesophageal
origin of the chest pain could not be proved, simoeonly the 24-hour pH monitoring, but the
upper gastrointestinal endoscopic and oesophageabmmetric evaluation yielded normal
results as well.

Figure 2. depicts the prevalence of the oesophago-cardilex tegased on the results of
the acid stimulation test. Twenty-five patients%%ad positive test, while the remaining 26
(51%) cases had no change in the coronary flowcitgloTwo-third of the patients with
oesophago-cardiac reflex (16/25; 64%) reported tcipasn during the oesophageal acid
stimulation, but none in the group of not havingaghago-cardiac reflex. The coronary flow
reduction and/or chest pain have been accompawgi&d lsegment alterations in 10/25 cases.
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Figure 1. The association between oesophageal endoscopipkndonitoring results and the presence of
oesophago-cardiac reflex in patients with chest.pai DeMeester score (intraoesophageal pH monigyi

B: number of pH<4 episodes longer than 5 minutetrgdesophageal pH monitoring). C: Oesophagitis
scores. Closed bars — positive oesophageal acitllstion test, open bars — negative oesophaged! aci
stimulation test. Data are expressed as mean+SEM

The prevalence of oesophago-cardiac reflex in fifferent patient subgroups was
evaluated on the basis of the presence or absdnceranary artery disease. Results were
similar in patients with large epicardial coronamtery stenosis, microvascular disease and
negative cardiologic evaluatiofiable 3.)
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Figure 2. Coronary flow velocity changes during oesophagead stimulation test in patients with chest
pain.ACF: coronary flow velocity change during oesoph&ge stimulation

Furthermore, the prevalence of oesophago-cardixr@ppeared to be independent of
the location — LAD, circumflex branch, right coropartery — of the coronary artery disease
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as well (data not shown). On the other hand alhefstudied patients with coronary spasm had
decreased coronary flow velocity during oesophageil perfusion(Figure 3.)

1.2
1.1
1.0
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% 0.9
*
0.8 —
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0.6 T T
NCCP CAD MD Spasm
n= 9 19 13 10

Figure 3. The association between coronary artery diseadehenpresence of oesophago-cardiac reflex in
patients with chest pain. NCCP: patients with nardiac chest pain (negative cardiologic evaluafi@AD:
significant coronary artery disease, MD: microvdacdisease, Spasm: coronary spasm, NS: not signifi
ACF: coronary flow velocity change during oesophéged stimulation. Data expressed as meanstSEM. *:
p=0.02

4.2. The evaluation of chronic respiratory symptomsnd diseases in patients with GORD.

Eighteen percent of the GORD patients (56/299; 2en, 27 men; age: 51.1+14.9
years; 7 smokers, 49 non-smokers) had chronic upgpérlower respiratory complaints or
respiratory disease. Of the symptoms evaluatednahcough was present in 75% (42/56) and
hoarseness in 11% (6/56). Of the reflux-associatiebnic respiratory diseases, chronic
bronchitis was found in 21% (12/56), asthma in 189%%/56), recurrent pneumonia in 18%
(20/56), chronic sinusitis in 12% (7/56), and chedaryngitis in 2% (1/56).

The reflux symptoms associated with respiratory glarations were heartburn (54%,
30/56), acid regurgitation (43%, 24/56), nause@4201/56), chest pain (12%, 7/56), acidic
belching (12%, 7/56) and vomiting (9%, 5/56), whi2% of the patients (7/56) did not have
reflux symptoms.

24-hour oesophageal pH monitoring was carried ol of the 56 patients. For the
other 5 patients, technical reasons or the lagiatiént consent made it impossible to carry out
pH monitoring, but in these patients the preserfc6©ORD was proved by the endoscopic
findings, manometry and the video barium oesophagity results. The DeMeester score was
pathological in 57% (29/51; DeMeester score: 6648338, mean+SD), while the fraction time
below pH 4 appeared abnormal in 55% (28/51; fractime below pH 4: 18.70+£12.77%) of
the patients. In patients with an abnormal DeMeesteore, nocturnal reflux was
predominantly observed (52%, 15/29). Diurnal refarxpostprandial acid reflux occurred in
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28 (8/29) and 20% (6/29), respectively. Seventestiepts (31%) had a normal DeMeester
score, but abnormal values of one or more of thelistl pH parameters. In this group,
postprandial reflux was detected in 82% (14/17xtmmal reflux in 12% (2/17), and diurnal

reflux in 6% (1/17) of the patient€lable 4.)

Patients with Patients without
respiratory symptomsrespiratory symptoms
% (n =51) % (n = 225)
Abnormal DeMeester score 57 (29/51) 63 (142/225)
Postprandial reflux 20 ( 6/29) 34 (48/142)
Nocturnal reflux 52 (15/29) 18 (25/142)
Diurnal reflux 28 ( 8/29) 48 (69/142)
Normal DeMeester score 31 (17/51) 21 (48/225)
with abnormal reflux events
Postprandial reflux 82 (14/17) 85 (41/48)
Nocturnal reflux 12 (2/17) 8 (4/48)
Diurnal reflux 6 (1/17) 7 (3/48)
Normal 24-hour pH curve 9 (5/51) 16 (35/225)

Table 4.Results of 24-hour oesophageal pH-monitoring itepés with or without respiratory symptoms

In 9% (5/56) of the subjects, the 24-hour intraepdmgeal pH profile was completely
normal, while manometry showed a decreased pressutee lower oesophageal sphincter,
and the video barium oesophagography confirmed gnif&ant gastro-oesophageal
regurgitation of the contrast medium. Of the symmoand reflux-associated respiratory
diseases evaluated in patients with an abnormald2skér score, chronic cough was present in
86% (25/29), hoarseness in 14% (4/29), chronic ditis in 10% (3/29), asthma in 18%
(5/29), recurrent pneumonia in 14% (4/29), chrosiousitis in 7% (2/29), and chronic
laryngitis in 3% (1/29).

Among patients with a normal DeMeester score, dbhraough was found in 59%
(13/22), chronic bronchitis in 32% (7/22), asthmal8% (4/22), recurrent pneumonia in 14%
(3/29), and chronic sinusitis in 18% (4/22). Instlgroup of patients chronic laryngitis and
hoarseness were not observ@hble 5.) Twenty-four hour pH monitoring was performed in
225 of 243 patients without respiratory symptomise DeMeester score was pathological in
63% (142/225), while the fraction time below pH gpaared abnormal in 60% (136/225) of
the patients. In patients with an abnormal DeMeestere, postprandial, nocturnal or diurnal
acid reflux occurred in 34% (48/142), 18% (25/142p 48% (69/142), respectively. Forty-
eight patients (21%) had a normal DeMeester sdusethe values for one or more of the
studied pH parameters were abnormal.
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Patients with abnormal Patients with normal

Respiratory symptoms DeMeester score DeMeester score
% (n = 29) % (n=22)
Chronic cough 86 (25/29) 59 (13/22)
Hoarseness 14 (4/29) 0
Chronic bronchitis 10 (3/29) 32 (7/22)
Bronchial asthma 18 (5/29) 18 (4/22)
Recurrent pneumonia 14 (4/29) 14 (3/22)
Chronic sinusitis 7 (2/29) 18 (4/22)
Chronic laryngitis 3 (1/29) 0

Table 5. Prevalence of respiratory symptoms in patientt witnormal or with normal DeMeester scores

In this group, postprandial reflux was detecte@%&6 (41/48), nocturnal reflux in 8%
(4/48) and diurnal reflux in 7% (3/48) of the pati® In 16% (35/225) of the subjects, the 24-
hour intra-oesophageal pH profile was completelyrmad, however the manometry
demonstrated impaired lower oesophageal sphinatetibn and endoscopy or video barium
oesophagography revealed refl(kable 4.)

Of the 56 patients with respiratory complicatiomgper gastrointestinal endoscopy did
not detect any abnormality in 11% (6/56) and reseadrosive oesophagitis Savary-Miller
stage | in 40% (23/56), stage Il in 29% (16/563gst Il in 9% (5/56) and stage IV in 11%
(6/56). On endoscopy 5% (12/243) of the patienthaout respiratory complications proved
negative and 32% (78/243) had stage I, 39% (95/B48)stage 1l, 12% (29/243) had stage I
and 12% (29/243) had stage IV erosive oesophagiile 6.)

Endoscopy Patients with respiratory Patients without
oesophagitis stage symptoms respiratory symptoms
(Savary-Miller) % (n = 56) % (n = 243)
0 11 (6/56) 5(12/243)
I 40 (23/56) 32 (78/243)
Il 29 (16/56) 39 (95/243)
1] 9 (5/56) 12 (29/243)
v 11 (6/56) 12 (29/243)

Table 6. Results of upper gastrointestinal endoscopy irepts with or without respiratory symptoms

4.3. The evaluation of oesophageal and other gasimtestinal motility disorders in
patients with type 1 diabetes mellitus.

The results of the cardiovascular autonomic neulgpiests are presentedTable 7.
Of the parasympathetic parameters, more abnorgmlitere found in the heart rate variation
on deep breathing (10/16) and during standing-up1@). In contrast, the results of the
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Valsalva-test (7/16 abnormal) were mainly in thedeoline range. Of the sympathetic tests,
the orthostatic blood pressure response (lyingdoeing) was markedly impaired in the
majority of patients (9/16), while the sustainechdhgrip test proved fewer abnormalities
(5/16). The mean(xSD) of the overall scores, 5.7342 indicated a moderate autonomic
neuropathy on average.

Test Diabetics  Controls Ewing's
(n=16) (n=29) b normals

Parasympathetic function
Beat-to-beat variation of the heart rate
Heart rate variation on standing up
Heart rate variation in response to
Valsalva-maneuver (beats/min) 124026 1.6@0.32  <0.01 2121
Sympathetic function
Change in blood pressure in response
to sustained handgrip (mm Hg) 15.2+6.0 26.@8.1 <0.01 >16.0
Change in blood pressure on standin
up (mm Hg) 5+14.2 7.@¢7.9 <0.01 <10.0
Ewing's total autonomic score 5.73#2.34 0.330.82 <0.01 <2

Table 7. Results of cardiovascular autonomic neuropathig {@sean+SD).

The symptom analysis revealed the chronic preseh@ number of gastrointestinal
symptoms. Twelve of the 16 patients had such symgtor several (>5) years. In contrast, a
significant weight loss was reported only in 4 cagea swallowing difficulty was present, it
was linked to solid meals. 7/16 patients reportachsa symptom; 3 of them were severe
(score=4). Only one patient associated his dysphadh the pharyngeal region; the others did
so with the oesophagus. The mean severity scor\was1.27 (meanzSD). Reflux symptoms
were reported in 10 cases. The heartburn frequenoye was 1.56+1.55. Only 2 patients
reported heartburn and regurgitation after eachl.méd@ duration of heartburn episodes
exceeded 30 minutes in 7 patients, with a mean sympseverity score of 1.80+0.42.
Abdominal pain episodes were present in 12 patiénean frequency score 2.12+1.67). The
pain episodes were associated with the epigagte® i@ a majority of the cases (8/12). The
severity score was 2.00+0.43. Within the dyspeptymptoms reflecting gastrointestinal
dysmotility, a loss of appetite was reported byyo@l patients. Others occurred more
frequently: early satiety in 5, and fullness, biogtand nausea 9/16 cases each. These were
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represented by frequency scores of 0.69+0.87, 1.8¥+ 1.88+1.45 and 1.88+1.63,
respectively. Problems with the bowel dischargeevadso reported. Diarrhoea (>3 stools/day)
was observed in 4/16 patients, with a mean da#gldirge of 7.5 (5-14). Three of them had
fecal incontinence. Constipation (<3 stools/week}swot observed in this patient group, but
difficult evacuation/hard stools were reported hyaBients.

The manometric evaluation of the oesopha@ueble 8.) did not reveal significant
differences in the UOS-PHX region between the diaband controls, with the exception of a
slightly premature UOS relaxation in one patienthi@ diabetic group. In the esophageal body,
the peristaltic waves had lower amplitudes in thabetics than in the controls, but a
statistically significant difference was found afy2 measurement points (8 and 18 cm above
the LOS). Abnormally low amplitudes were detectadall segments in 8/16 patients. The
peristaltic wave duration appeared significantipder in the diabetics at all measurement
points. Abnormally prolonged duration was observed/16 patients. The diabetic group had a
significantly decreased peristaltic wave propagetielocity, which appeared to lie outside the
normal range in 11/16 cases. The rate of simultasmemntractions was increased, with
abnormal values in 9 patients. In the LOS, the nprassure was significantly decreased, and
the relaxation time was prolonged in the diabetimug. Abnormal pressures and relaxation
times were each found in 10/16 patients.

The correlation analysis showed that longer LO%xaion times associated with
higher reflux symptom scores£0.32, p=0.05). In contrast, correlation was noib between
LOS pressures and reflux symptom&Q.15, p=0.22). Correlation analysis of dysphagia
scores and manometric parameters of the oesoph&gelyl revealed that higher scores
associated with increased rate of simultaneous své&e0.49, p=0.01), and the duration of
peristaltic waves was more prolonged at 3, 13 @uints above the LOS. Thevalues were
0.49, 0.41 and 0,39; while p values were 0.01, @08 0.04 respectively. Furthermore the
mean the propagation velocity of the contractioesendecreased in patients with more severe
dysphagia scores®#0.35, p=0.05). The amplitude of the contractionsveed no correlation
with the dysphagia scores.

The manometry of the gastric antrum demonstratephired fasting state motility
patterns in 11 patients. 5 of them involved onlg Hbsence of the MMC phase Il activity,
with a preserved phase Il activity, while 6 had arkedly diminished antral motility, with
MMC phases Il and Il absent, clearly represento@nmplete gastroparesis. Significant
differences were not found between the mean dyspejgsre values of the patients with or
without fasting gastric motility disorders (p=0.39)
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Diabetics (n=16) Controls (n=29) p
LOS
Pressure (mm Hg)* 1746 26+8 <0.01
Relaxation time (s) 11.7+4.4 8.7+1.5 =0.02
OB peristaltic wave
Amplitude at
3 cm-s: 84158 115+37 =0.07
8 cm-s: 75+38 101+30 =0.01
13 cm-s: 54+38 66128 =0.23
18 cm-s: 32120 58431 <0.01
above the LOS (mm Hg)
Duration at
3 cm-s: 4.9+2.2 3.8+1.1 =0.03
8 cm-s: 4.5+1.4 3.6+0.8 <0.01
13 cm-s: 4.2+1.4 3.1+0.6 <0.01
18 cm-s: 3.4+1.6 2.6+0.6 =0.02
above the LOS (s)
Propagation velocity (cm/s) 2.6x0.7 3.3x0.6 <0.01
Simultaneous contractions (%) 11+13 1+4 <0.01
UoS
Pressure (mm Hg)* 63+19 69+30 =0.47
Relaxation time (s) 1.68%0.40 1.55+0.34 =0.25
PHX
Contraction amplitude (mm Hg) 47+11 42+16 =0.29
UOS-PHX
Coordination (s) -0.200.10 -0.150.07 =0.05

Table 8. Manometric differences in esophageal motility kedw patients with long-standing type 1 diabetes
mellitus and controls (meantSD). LOS: lower esogladgphincter, OB: oesophageal body, UOS: upper
oesophageal sphincter, PHX: pharynx. * Mean pressuhigh-pressure zone of sphincter.

The recto-anal manometrgTable 9.) did not reveal any significant differences
between the diabetics and the controls as contkenEAS and IAS mean resting pressures.
Of the 16 diabetic patients, 4 had abnormally l@lues for each parameter. An impaired RAI
reflex was observed in 3, and a RAC reflex failiwrd/16 cases, while the group means for the
diabetics and the controls were statistically samiDuring squeezing, the mean pressures were
found to be mildly (p=0.08) decreased in the diamlsein both sphincters of the anus.
Abnormally low values were obtained in 7/16 patenThe squeezing-resting pressure
difference Qp) of the IAS was significantly (p=0.02) reducede diabetics. This parameter
was abnormal in 7/16 cases. An impaired fecal esxpaifunction was found in 4/16 diabetics,
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the distribution of which reached the level of istatal significance (p=0.04) as compared to
controls.

When the manometric data of the studied regionthefgastrointestinal tract were
considered overall, an impaired motility was fousichultaneously in all studied regions
(oesophagus, gastric antrum and recto-anal sphsjcte4/16 patients. At least two 2 regions
were affected in 9 cases and 1 region in 3 casase Nf the patients gave normal results in all
tests.

Diabetics (n=16) Controls (n=29) P

Mean resting pressure

EAS (mm Hg) 39+20 47+19 =0.18

IAS (mm Hg) 66+33 67+23 =0.84
Mean squeezing pressure

EAS (mm Hg) 61+32 78+30 =0.08

IAS (mm Hg) 94+47 118+44 =0.08
Mean pressure differencAp)

EAS (mm Hg) 23+20 31+23 =0.19

IAS (mm Hg) 28+25 51+34 =0.02
RAI reflex (%) * 68+22 63+21 =0.46
RAC reflex T 12 /16 27129 =0.16
VE 12 /16 28129 =0.04

Table 9. Manometric differences in recto-anal motility beem patients with long-standing type 1 diabetes
mellitus and controls (mean+SD).EAS: external adiincter, IAS: internal anal sphincter, RAI: reaial
inhibitory, RAC: recto-anal contractory, VE: volany expulsionAp: Psqueezing— Pesting.* I1AS relaxation (%
relative to baseline) for 40 ml air inflation. T pgarance of EAS contraction for 30 ml air inflation

4.4. The evaluation of oesophageal motor functiom iprimary Sjégren’s syndrome.

Of the main clinical manifestations, which appeadeding the course of the disease,
parotid enlargement occurred in 15 of the 25 p&di€60%), articular involvement in 19
(76%), purpura in 7 (28%) and Raynaud’s phenomendlB (52%). Renal tubular acidosis
was diagnosed in 7 patients (28%), including 2 guasi with histologically proved
tubulointerstitial nephritis. Lower airway involvemt was found in 10 patients (40%), with
lung fibrosis in 7 (mild in 5, advanced in 2) okthO, verified by high-resolution computed
tomography. Of the laboratory changes, leukopesith (or without anaemia) was detected in
13 cases (52%), hypergammaglobulinemia in 15 (60§%),rheumatoid factor positivity in 23
(92%) and ANA positivity in 15 (60%). Anti-SSA ahtdy positivity was found in 20 (80%)
patients [alone in 8 (32%), and coupled with ar@BSantibody positivity in 12 (48%)] and
anti-SSB antibody positivity in 13 (52%) cases fedn 1 (4%) and together with anti-SSA
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antibody positivity in 12 (48%)]. The histology tife minor salivary glands was indicative of
Sjogren’s syndrome in all biopsied patients.

The symptom evaluation revealed some grade of dygah[score: 2.7+1.37
(mean+SD)] in all but 2 patients (23/25, 92%]J)able 10) Of these 23 patients, 22 had
swallowing difficulties for only solids, and 1 fdooth solids and liquids. The patients
predominantly stated that their dysphagia was t&tlan the upper oesophageal (9/23) or
pharyngeal region (5/23), whereas symptoms reldatntpe mid-oesophagus were reported in
4/23 cases. The most typical foods causing swatigwroblems were bread and other bakery
products (17/23, 74%). Meat or other solid foodsi{$, potato, cheese, etc.) were reported
less frequently (6/23, 26%). All but one patienthmilysphagia needed the aid of liquids to
help them swallow solids, 17 had a constant, andn5occasional need for this (score:
1.68+0.56 meantSD). Episodes of odynophagia ocduimell of the 25 patients (in 5
regularly and in 6 occasionally), giving an ovesabre of 0.67+£0.82 (mean = SD). Aspiration
was rare. At least daily episodes were reportedrly 1 patient, and 3 patients had weekly
episodes (score: 0.58 + 0.88, meantSD).

Dysphagia Number of patients

Presence: 23/25 (92%)
Location:

- mouth 3/23 (13%)

- pharynx 5/23 (22%)

- upper third of oesophagus 9/23 (39%)

- middle third of oesophagus 4/23 (17%)

- lower third of oesophagus 1/23 (4.5%)

- cardia/diaphragm 1/23 (4.5%)

Table 10.Distribution of different locations of dysphagiapatients with primary Sjogren’s syndrome.

Both basal and stimulated saliva production wedeiced in 23/25 (92%) patients. One
patient displayed an impairment of stimulated semmeonly. Normal saliva secretion was
detected in 1 patient. Of the studied manometriaipaters, the mean LOS pressures were
significantly lower (p<0.01), and the relaxatiomés were significantly prolonged (p<0.02) as
compared with the controlslowever abnormally low LOS pressures were foun@/#5, and
prolonged relaxation in 8/25 casé€Bable 11.)

In the OB, an increased duration of peristaltictaxtions, a decreased propagation
velocity and a higher rate of simultaneous conibast were observed for dry and wet
swallows (p<0.01Table 11). The duration of peristaltic contractions was abmaly long in
10/25 cases for wet swallows, and less frequentlgy) for dry swallows. The rate of



24

simultaneous contractions exceeded the normalimafepatients for wet swallows, and in 4
patients for dry swallows. The rate of simultaneoastractions for dry swallows correlated
with the frequency of dysphagia.

Primary SS (n=25) Control (n=42) p
LOS
- pressure (mmHg)* 20+8 267 <0.01
- relaxation time (sec) 9.7£2.1 8.6x1.4 <0.02
DS WS DS WS DS WS
OB peristaltic wave
- amplitude at
3 cm-s: 71+38 10540 86+35 113+34 ns ns
8 cm-s: 69+35 92435 66+35 99+29 ns ns
13 cm-s: 53+31 67+30 50+22 6526 ns ns
18 cm-s: 41+30 46x30 51+35 59+32 ns ns
above the LOS (mmHQ)
- duration at
3 cm-s: 4.7+1.1 4.8+0.8 3.6x1.0 3.7+0.9 <0.01 <0.01
8 cm-s: 45+1.1 4.7+09 3.2+0.8 3.4+0.7 <0.01 <0.01
13 cm-s: 4.0£0.9 3.9+0.7 3.2+0.7 3.1+0.6 <0.01 <0.01
18 cm-s: 3.3£0.7 3.5£1.0 2.5+0.7 2.6x0.6 <0.01 <0.01

above the LOS (sec)
- propagation velocity (cm/s)  2.8+0.8 2.6+0.6 3.7+0.9 3.3x0.6 <0.01 <0.01

- simultaneous contractions (%) 14+22  10+12  5%12 1+3 0.05 <0.01

uoSs

- pressure (mmHg)* 66127 73+29 ns

- relaxation time (sec) 1.43+0.39 1.54+0.31 ns
PHX

- contraction amplitude (mmHgQ) 45+15 42+16 ns
UOS-PHX

- coordination (sec) -0.15%0.09 -0.15%0.05 ns

Table 11.Manometric differences in the oesophageal motilgjween primary Sjogren’s syndrome patients
and controls (mean+SD).LOS: lower oesophageal spinOB: oesophageal body, DS: dry swallow, WS:
wet swallow, UOS: upper oesophageal sphincter, Ppbarynx, ns: not significant. * mean pressurehat t
high pressure zone of the sphincter.

Patients with at least daily episodes of dysphgsg@re>3) had significantly more
simultaneous contractions for dry swallows, thamséhwith fewer episodes (scor@). The
rates were 19.7+25.5% vs. 3.3+7.1%, (meanzSD), (i Qespectively. This difference was
not seen for wet swallows. Concerning the amplitoicihe peristaltic waves, the values for the
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patients appeared to be similar to those for throts. In the upper region of the oesophagus
(at the level of the UOS and the PHX) the manometandards indicated no differences in the
studied parameters between the primary Sjogremidreyne patients and the contrf§able
11))

As decreased OB peristaltic velocity was the pradant motor abnormality, two
groups of patients were formed for further studiyase with normal and those with abnormal
values(Table 12.)

GROUP | GROUP I
Impaired (2.7cm/s)  Normal (> 2.7cm/s) p
OB peristaltic velocity OB peristaltic velocity

(n=11) (n=14)
LOS pressure 15+6 24+8 <0.01
(mmHg, mea#iSD)
LOS relaxation time 10.#2.5 9.:1.4 <0.05
(sec, measSD)
Simultaneous contractions in OB DS: 2529 DS: 6:6 0.05
(%, mearSD) WS: 13:14 WS: 1G:11 ns

Table 12.Manometric abnormalities associated with an imgghmesophageal body peristaltic velocity in
patients with primary Sjogren’s syndrome. OB: odsaeal body, DS: dry swallow, WS: wet swallow, ns:
not significant

In group | (11 patients), each patient had a dee@al2.7 cm/s) oesophageal
peristaltic velocity, while the patients in group(14 patients) had normal values. The LOS
pressure was found to be significantly lower (p4).@nd the LOS relaxation significantly
longer (p<0.05) in group | than in group Il. Wealsbserved a higher rate of simultaneous
contractions in the OB in group | for dry swalloys=0.05), whereas this difference was not
seen for wet swallows. There was no statisticdédhce between the two groups as concerns
the values of the amplitude and duration of the d@Btraction, and the studied parameters of
the UOS-PHX region.

Both the unstimulated and the stimulated wholevaairoduction were significantly
lower in group | (p<0.05 for both) than in group (Table 13.) The characteristics of the
dysphagia were identical in the two groups, with #xception of one parameter: the group |
patients had a significantly higher liquid requiearhfor swallowing than the patients in group
I, with scores of 1.91+0.30 vs. 1.50+0.65; (meaD}xJP=0.05, respectivelyTable 13.)The
distributions of the systemic manifestations ofnaty Sjogren’s syndrome, the results of
routine and immunological laboratory tests andghelied demographic parameters (age and
duration of the disease) did not demonstrate aatysstally significant difference between the

two groups.
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GROUP | GROUP Il
Saliva production test Impaired OB peristaltic Normal OB peristaltic p
velocity (n=11) velocity (n=14)
Basal whole saliva volume
. <0.05
(mI/10min, meanSD) 0.23:0.17 0.690.75
Stimulated whole saliva volume
. . : : . <0.05
(ml/10min, meanSD) 0.44:0.29 1.4%1.63
GROUP | GROUP I
Symptom: Impaired OB peristaltic Normal OB peristaltic p
velocity (n=11) velocity (n=14)
Frequency of dysphagia episodes 2 60t1.51 2 741.33 NS
(symptom score, meaD)
Frequency of odynophagia episodes 0.70£0.82 0.640.84 NS
(symptom score, meaSD)
Liguid requirement for swallowing 1.9140.30 158065 0.05
(symptom score, meaD)
Frequency of aspiration 0.90:0.88 0.360.84 NS

(symptom score, measD)

Table 13. Results of saliva production tests and oesophaggaiptom analysis in primary Sjogrens’s
syndrome patients with or without an impaired oésgal body (OB) peristaltic velocity.

5. DISCUSSION

Gastro-oesophageal reflux disease is known todmranon cause of chest pain. Since
the differential diagnosis is often difficult, a mber of studies carried out to evaluate this
problem. It has been shown that GORD and corondeyyadisease may coexist in up to 40
percent of the patienfdl, 42, 62, 67, 93, VI, IX, XJand similar incidence of GORD can be
observed in patients with non-cardiac chest |p2fn 64, 109] but until now neither aimed to
evaluate prospectively the possible causal linke- desophago-cardiac reflex — in patients
with gastro-oesophageal reflux disease and diffetgres of coronary artery diseases or in
non-cardiac chest pain.

In our series, gastro-oesophageal reflux diseasepn@aved in 37 percent of patients
with epicardial coronary artery disease, and irp&tent in those with non-cardiac chest pain.
These results are in concordance with the previdaservations. There were no difference in
the prevalence of typical reflux symptoms, suchhaartburn and acid regurgitation in the
different patient groups. The majority (56%, 28/6%5}he patients had no such symptom at all,
only chest pain. Forty-three percent (12/28) ofrthead significant gastro-oesophageal acid
reflux by 24-hour intraoesophageal pH monitoringisTmay suggest that the detailed gastro-
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enterological diagnostic workup is useful in patewith unexplained chest pain even in the
absence of typical symptoms of gastro-oesophagéakrdisease.

Intraoesophageal acid perfusion evoked the oesoptegliac reflex and caused
subsequent coronary flow velocity reduction in 4@%/51) of the studied patients. We found
similar prevalence of this reflex in patients wittiferent types of epicardial coronary artery
stenosis, microvascular disease (C£R.5), and in cases with non-cardiac chest paifs Th
suggests, that the presence of this reflex is ie@pnt of the underlying organic coronary
artery disease. These results correspond to owiopie observation that oesophageal acid
perfusion has failed to change the baroreflex fonchon-selected patients with GORD.
[VIl] By contrast, patients with proven coronary spasmevsignificantly more liable to acid
perfusion induced coronary flow reduction and chesmin. This may reflect a sympathetic
autonomic hyperreactivity in this subset of pasent

Since the oesophago-cardiac reflex is suspectéeinf) a primary pathogenetic factor
in the development of linked-angina, anatomical phgsiological studies have been carried
out to characterise its main features. Morpholdgstadies in rats reported that the heart
receives collateral projections from the nucleusbigous neurons. These innervate the
oesophagugl 7] supporting thereby the previous physiological obsgon that a mechanical
stimulation triggered oesophago-cardiac reflex wiranvolves vagal afferents and efferent
sympathetic preganglionic pathwaj&5]

Evidence has been provided also in humans that bt#btrical and mechanical
stimulation of the oesophagus appears to amplifpiratory-driven cardiac vagoafferent
modulation, while decreasing sympathetic modulat[dn 101] This shift of sympathovagal
balance towards parasympathetic component migttteediminished myocardial perfusion.
Studies on chemically induced nociceptive oesopitagdiac signals by direct coronary flow
measurements during coronary angiography showedhéaoronary flow could be decreased
in patients with preserved innervation of the hdaut not in patients with a denervated heart.
[14, 15, 16, 17, 102Furthermore, Mellow et al were able to induce mydizd ischaemia by
prolonged oesophageal acid stimulatijgiz]

In the present work, we combined transoesophageapler echocardiographic
coronary flow measurement, with the oesophagedl@&ifusion test in order to obtain data on
the prevalence of oesophago-cardiac reflex in atiepts. The rationale behind the application
of this method was the fact that, during the pastade, transoesophageal Doppler
echocardiography has become an important and watslgpted tool for the establishment of
proximal coronary flow disturbances. This techniquermits the prediction of significant
proximal coronary artery stenoses. Moreover, italmoation with the dipyridamole stress test
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has made it possible to detect functional coromdmyormalities such as an impaired CFR in
patients with microvascular angirf@5]

As compared with the results of Chauchan efldl, 14, 15, 16] our method is less
invasive, but similarly effective as the directradoronarial flow measurement technique for
the evaluation of oesophago-cardiac reflex. Sinpevipus studies and observations had
demonstrated that exposure of the oesophagus tb raely eventually lead to cardiac
dysrhythmiag78] or significant ST segment alteratiof2, 1X, X] the ECG was monitored
continuously throughout the study. Regarding tHetgaof the procedure, we did not observe
any significant complication, including critical mgardial ischaemia, infarction or
dysrhythmia.

The first studies of combined 24-hour ECG and oesophageal pH recordings failed
to prove direct correlation between gastro-oesopalagcid reflux episodes and events of
myocardial ischaemia, but both of them found thastg-oesophageal reflux disease
commonly coexisting in patients with coronary artdisease[42, 93] Recently, Dobrzycki et
al. [23] detected pathologic acid reflux episodes at thee toh myocardial ischaemia in
approximately 20 percent of the cases. Moreovesy thowed that proton pump inhibitor
therapy is able to decrease significantly the nunobéschaemic events. Our observation, that
oesophago-cardiac reflex is present in approximaiee third of the patients with epicardial
coronary artery disease, supports these results.

The oesophago-cardiac reflex test was positive méien in patients with moderate
forms of erosive oesophagitis (6/7 LA-B/C casekantin patients with mild erosive forms
(8/16 LA-A cases) or without erosions (11/28 caséhk)s appears to be in a good concordance
with the observation of Fass et al., who demorstrahat mild to moderate chronic tissue
injury in gastro-oesophageal reflux disease in@gdke sensitivity of chemosensitive neural
pathways. [28] Additionally, we found that several pH monitoringarameters were
significantly higher in patients with oesophagoetiac reflex, than in those who had no change
in coronary flow velocity during oesophageal acerfpsion test. This may mean that the
endogenous trigger of this reflex — the regurgitagastric acid — is frequently present in these
patients, predisposing them for the induction wkéid-angina.

Since the oesophago-cardiac reflex may be presier en patients with or without
epicardial coronary artery disease the appropréatiel suppression therapy seems to be
important to prevent reflux induced episodes of oaydial ischaemia in these patients.
Although this hypothesis is supported by the oletgsm of Dobrzycki — as proton pump
inhibitor treatment reduced the number of ischaecaidiac events in their patien®d3] —
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further prospective studies carried out in largeéepd groups are needed to prove the beneficial
effect of acid suppressive therapy in patients witonary artery disease.

Regarding the role of GORD in the pathogenesisppieu and lower respiratory tract
diseases and symptoms a number of investigatiodat®have been carried out. Although the
majority of these were done on selected populatdpatients suffering from airway diseases,
the results have remained heterogeneous. This maglated in part to the diversity of the
methods applied in the diagnosis of GORD. In stwdiased on 24-hour oesophageal pH
monitoring, Palombini et a[77] detected a pathological GOR in 41%, while Gadtal §32]

did so in 50% of patients with chronic cough. Ithasatic patients, Schnatz et §#0] and
Sontag et al[94] reported a higher prevalence of GORD (78-80%)JeMBiastal et al[32]
observed a lower prevalence (44%). In a study baseshdoscopy, Sontag et 5] detected
reflux oesophagitis or Barrett's oesophagus in 38%g hiatal hernia in 58% of asthmatic
patients. By exploration of the clinical symptorirgld et al.[29] found that 77 and 55% of
asthmatic patients experience heartburn and agdrggation, respectively. Because of the
diversity of the results, the diagnostic value leé different methods, including 24-hour pH-
metry and endoscopy, requires further investigatias proposed in a recent revi¢d6] Over
and above the methodological interest, the preealesf airway complications of GORD
should have an important medical impact, thougb guiestion has only rarely been examined.
Our study has provided data on the prevalencerabgidisease in association with GORD in
the Hungarian population and assesses the diagnestiie of different clinical methods
applied in the diagnosis of GORD. Examinations werdormed on 299 patients, in whom the
diagnosis of GORD was established by endoscopy2drdour pH-metry. Fifty-six patients
were selected from among the 299 patients on thses baf clinical criteria, as having
respiratory symptoms and airway diseases, all athvhad been treated earlier by specific
medication.

The patients were referred for consultation todumic by family doctors or specialists
at other medical units. The prevalence of airwagdses among the GORD patients was found
to be near to 20%, a relatively high level. ElI-$eea al.[25] carried out similar investigations
on the prevalence of airway diseases among a lpogelation of United States military
veterans: GORD was established by endoscopy anprévalence of pulmonary diseases was
found to be about 17%, while the recent ProGERDystaported a 13% prevalence of chronic
cough and a 4.8% prevalence of asthma in GORDryiat[é8]

Our observations provide complementary informatoncerning the diagnostic value
of the different methods applied to reveal GOR atignts with GORD associated respiratory
diseases. Earlier studies indicated that pathadgetlux parameters (the DeMeester score and
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the fraction time below pH 4 during 24 h) could &epected in 41-78% of patients with
GORD-related pulmonary diseas¢s7, 90] Our results confirm this: the De-Meester score
was abnormal in 57% of our patients, with a pred@nce of nocturnal acid reflux (52%).
However, in patients with a normal DeMeester scamnore detailed analysis of the pH curve
provided important additional information: pathalma reflux events were detected in 33% of
these patients. In this group of patients with Issgere GORD, the reflux events occurred
predominantly in the postprandial period (82%). Bter, in case of a pathological
DeMeester score, we observed a significant difieeen reflux activity between patients with
and without respiratory complications. In case egpiratory complications nocturnal reflux
was predominantly observed, while in patients with@spiratory complaints nocturnal reflux
occurred less frequently than diurnal and postpedndflux. In case of a normal DeMeester
score, postprandial reflux was predominantly degkcin both groups of patients. This
indicates that other than nocturnal acidic refluaymbe responsible for the respiratory
symptoms of these patients. Recently, studies geavidata, that in patients with asthma
oesophago-bronchial reflex may have a pathophygicdbrole.[XIII] On the other hand non-
acidic or weakly acidic reflux may be importantttars in patients with chronic cougf@2]
Since standard 24-hour intraoesophageal pH mongocan not detect these latter type of
reflux events combined intraoesophageal pH andimbéinnel impedance monitoring or if
this is not applicable video barium oesophagogrdyasyto be appliedv, Xl

In patients with airway diseases, the diagnostlaevaf typical reflux complaints and
of oesophageal endoscopy has been widely discuBssd.et al[29] reported the prevalence
and severity of GORD symptoms in asthmatics: 77&Heartburn and 55% had regurgitation.
In his review Richtef81] concluded that classical reflux symptoms mightpbesent in 40—
60% of asthmatics and 43—75% of patients with mase and/or throat complaints. Irwin et al.
[47] found that 43—75% of patients with GORD-relatedgto were reflux symptom free. In
our study heartburn and/or acid regurgitation wegeected in 54 and 43% of patients with
respiratory complications of GORD. This was valethby a parallel method: the symptoms
were investigated at two different times, oncel®y physician and later by a nurse by carrying
out a questionnaire survey before pH-metry. Ouwltesunderline the low value of a
guestionnaire based on the existence of the cldgsitux symptoms of GORD-related airway
diseases. Our endoscopic study revealed SavargiMitage | reflux oesophagitis in 40%,
stage Il in 29%, stage lll in 9%, and stage IV P4 i.e. in 89% of the patients overall.
Erosive or advanced forms of oesophagitis werectidein 49% of the patients. These results
closely resemble those obtained by Sontag ¢9%), who described oesophageal erosions and
ulcerations in 39%, and Barrett's oesophagus in b3%sthmatic patients. In our study, the
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distribution of the endoscopic stages of reflux apdegitis did not show any difference

between patients with or without respiratory comgtiions. In addition our data overall

confirm the relatively low diagnostic value of esdopy in the diagnosis of GORD-associated
airway diseases.

Among disorders, responsible for secondary oesaaiagotor abnormalities diabetes
mellitus is the most common. Recent studies inditdhat gastrointestinal manifestation of
diabetes mellitus is more frequent, than previoyslyposed[9] The pathogenesis of these
motility disorders is partly understood. Autonommeuropathy, impaired enteric nervous
system, and hyperglycemia are suspected facids.55, 79, 88, 97Although autonomic
neuropathy is thought to play an important rol¢he development of diabetic gastrointestinal
motility disturbances, few studies have been paréat on selected patients with diabetic
autonomic neuropathy55, 88, 97]Moreover none of them evaluated different regiohthe
gastrointestinal tract in parallel. In our patiernltse cardiovascular autonomic neuropathy tests
proved the presence of significant parasympatlaeticsympathetic autonomic dysfunctions.

The presence of gastrointestinal symptoms may aaignificant impact on the quality
of life of patients with diabetes mellitu®9] On the other hand, many patients do not report
such symptoms, and only objective measurementaldeeto reveal the silent gastrointestinal
motor abnormalities in these cases. As gastroinganotility is known to play a role in the
regulation of the carbohydrate homeostasis, itsgmation is an important factor in the
management of the disease.

The recent development of gastrointestinal motifitgasurements allows a detailed
description of diabetic gastrointestinal motilityistdirbances. Although clinical and
experimental data support that motility disorderaymarise at different regions of the
gastrointestinal tract in patients with diabetedlitas, their coexistence in the same patient is
still poorly studied.

Of the symptoms reflecting pharyngo-oesophageallitgadisorders, dysphagia is not
rare in patients with diabetes mellitus. Its repdrprevalence in the literature is around 25%.
[44] This is slightly less than ours, since 44% suljedported at least the occasional
(>1/month) presence of dysphagia. As motor disordetBe UOS and the PHX were rare and
not significant in this study the mechanism is kel to be explained by defective UOS-PHX
motility. On the other hand, these results suggbsat the development of autonomic
neuropathy has only a minor, if any effect on tratility in this region.

In contrast with the preserved UOS-PHX function,samhageal body motor
abnormalities were found frequently in our patienddterations in the peristaltic wave
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amplitudes 50% and duration 44% were common. Thbsermalities were associated with a
decreased peristaltic velocity 69%, and increasedbers of simultaneous contractions 56%,
which are known to facilitate the development of iampaired bolus transit. Since the
scintigraphic data revealed that the prolonged mesgeal transit is associated with
swallowing complaints in patients with diabetes Imed and autonomic neuropatff0], this
supports our finding, as the impaired oesophageatractile activity has a major role in the
development of the swallowing complaints of theagegmts. Since the vagal nerve is known to
exert an appreciable excitatory effect in the obagpal body motility, the observed motility
changes may reflect its impairment.

The motor abnormalities of the LOS were predomilyactiaracterized as a decreased
mean pressure and prolonged relaxation. This majaexthe frequent episodes of gastro-
oesophageal reflux in patients with diabetes nusllif63] but other mechanisms such as
transient relaxations of the lower oesophagealnspéii due to the impaired gastric emptying
and increased gastric fundus distension, also @lagthophysiological rol¢31] In our series,
62% of the patients complained of reflux symptoniih\& moderate severity score. However,
the overall results of the LOS manometry demonstrat borderline range mean pressure, and
a mildly prolonged relaxation on average; a de@@dS pressure and prolonged relaxation
were observed in 62% of the patients. This impalif®& function may reflect the diminished
cholinergic excitatory mechanisms, and also theahalities of the NO-mediated pathways.

Since not only oesophageal, but other — gastriterien gallbladder, ano-rectal —
motility disorders may also develop in patientshwidiabetes mellitus we performed the
manometric evaluation of gastric and ano-rectalilityotin our patients. Gastric motility
abnormalities and gastroparesis are severe gasistimal complications of diabetic autonomic
neuropathy, and a number of studies (e.g. radmgoand ultrasound emptying measurements,
different techniqgues with manometry or a barostat etectrogastrography) have been
performed to understand its representative feat[5és

The fasting state gastric motility has been repbite be frequently pathologic. In
contrast with the rather mild dyspepsia scoreshglagic MMC patterns were observed
frequently (70%) in our patients, including 6 casegh complete gastroparesis. This
difference confirms the hypothesis that the prevageand severity of the symptoms reflecting
gastric dysmotility, such as fullness, early sgtieausea or bloating, are less pronounced than
gastric motor disturbances demonstrated by mangmé&tie lack of correlation between
fasting motility abnormalities and dyspeptic sympsocan be explained by two ways. Since
dyspeptic symptoms are rather postprandial in eatir needs further evaluation to see
whether they have a better correlation with posipie gastric motility patterns. On the other
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hand, the impaired visceral sensory function ortregrperception resulted by the diabetic
neuropathy can also be responsible for these fsdjh05]

Since vagotomy inhibits the MMC activity of the ga&s smooth muscld69], the
frequent occurrence of diminished MMC phase |l ghdse Il activity may reflect a vagal
nerve dysfunction as a serious consequence ofywapashetic autonomic neuropathy.

In the recto-anal region, abnormalities of the spt@ric resting pressures were
infrequent. The occurrence of decreased squeezapgcity was more common, but the
differences between the diabetic and the controljgmeans were not quite significant. The
studied reflex mechanisms were rarely affected.ti@nother hand, the decreased EAS and
IAS resting pressures were well associated withptgms of diarrhoea and fecal incontinence.
These data correspond to the previous observdtainrécto-anal dysmotility is more prevalent
in cases complicated by diarrhof2¥], but a recto-anal dysfunction does not seem ta be
primary marker for diabetic autonomic neuropathy.

In 81% of the patients, abnormal motility pattemesre observed in more than one
studied regions of the gastrointestinal tract. Turiderlines the role of autonomic neuropathy
as a common mechanism in the pathogenesis of \wamatility disorders.

Among other systemic disorders causing oesophadgainotility we evaluated
primary Sjogren’s syndrome. Although swallowindfidifilties are common in patients with
primary Sjogren’s syndrome, the first report onapdesgeal abnormalities was published only
in 1967[56]. Since then, a number of studies have been caorgdbut the results are still
controversial. The high prevalence of dysphagiaxglained as a consequence either of the
lack of saliva or of oesophageal dysmotiliBy 34, 56, 91, 103]Less often, in approximately
10% of the cases, upper oesophageal webs havebeéso reported45, 56]. In contrast,
oesophageal motility measurements failed to rewwgl specific dysmotility patterns in
Sjogren’s syndrom§3, 34, 56, 76].Grandeet al. found no manometric differences between
patients with Sjogren’s syndrome and controls, pkéar a decrease in the distal oesophageal
peristaltic velocity for dry swallows in Sjogren&/ndrome patients with dysphagia. Their
other finding, that patients with Sjogren’s syndeirave a significantly higher LOS pressure
than controls, may be questionable, since theurevél5.6 mmHg) was at the lower end of the
internationally accepted normal rang@4, 80] Anselminoet al. studied 27 patients and
detected only an increased number of simultaneonfactions when severe dysphagia was
present3]. In contrast, Palmat al. observed no significant differences in oesophlagedy
motility [76].
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Our results are in accordance with the literatgreegards the prevalence of dysphagia
(70-90%) in primary Sjogren’s syndrome. On the othand, we observed an impaired
oesophageal body peristaltic velocity in nearlyf bathe patients (44%), which appeared to be
the predominant oesophageal motor abnormality. Bhisration was coupled with a mild
decrease in the LOS pressure and a prolongatidheofOS relaxation time, which has not
been described previously. We must note that theolate values of LOS pressure and
relaxation time were on the borderline of the inétionally accepted normal rang@§] and
the normal ranges in our laboratory. Additionatither oesophageal motor abnormalities, such
as a prolonged duration of peristaltic contractiamsl an increased rate of simultaneous
contractions in the oesophageal body, were alsodfau our patients. Most of our patients had
a markedly diminished salivary function, which veagn more prominent in the group with an
impaired oesophageal peristaltic velocity. Anselmet al. [3] did not find a correlation
between saliva production and oesophageal motordiéss. The difference from our results
could be explained by the less markedly diminiskalia production in their patients, and/or
by the fact that the various parameters in the miesgeal motility measurements were not
compared individually with the saliva productionim8arly as in the series of other
investigators, the manometric abnormalities ofadeeophageal function did not correlate with
the presence of the different systemic manifegtatiothe laboratory findings or the
demographic parameters of our patients with pringjjgren’s syndrome. The questionnaire
analysis revealed a higher liquid requirement feallowing in patients with an impaired
peristaltic velocity and saliva production. Thisggasts that both oesophageal motor
abnormalities and a diminished salivary functioa factors in the development of swallowing
difficulties in primary Sjogren’s syndrome. As theare data indicating a parasympathetic
dysfunction in Sjogren’s syndronig8], its role in the development of an oesophageal moto
disturbance and/or decreased saliva productiomotbe ruled out.
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6. NEW RESULTS ESTABLISHED IN THE THESIS

10.

The oesophago-cardiac reflex may be present irmatwith patients with
normal coronary arteries and in patients with ddfeé coronary artery
diseases.

The oesophago-cardiac reflex was more frequentgioied in patients with
coronary spasm than in those with epicardial canpraatery stenosis or
microvascular disease.

The combination of oesophageal acid perfusion d@eskt transoesophageal
Doppler echocardiographic coronary flow measurerseatns to be a useful
method for the detection of this reflex.

Patients with oesophago-cardiac reflex positiviggd hmore, and longer
gastrooesophageal acid reflux episodes and hachimgsophagitis scores
(more severe erosive forms of oesophagitis).

In Hungarian patients with GORD we obtained epiddogical data on the
prevalence of respiratory symptoms.

Patients with GORD and respiratory symptoms hadifsigntly more often
abnormal nocturnal reflux than those without respiry symptoms. This
difference was not observed in patients with norDel\leester scores.
Motility disorders are frequently present simultangly at different regions
of the gastrointestinal tract in patients with typdiabetes mellitus.

In patients with type 1 diabetes mellitus dysphasgiares were associated
with the decrease of peristaltic wave propagatieloaity, the increase of
peristaltic wave duration and the increase of thenlmer of simultaneous
contractions.

In patients with primary Sjégren’s syndrome a dasesl oesophageal body
peristaltic velocity was the most common manometbicormality.

This showed an association with the impaired sgnaaluction and with the
higher liquid requirement for swallowing, but notithv the laboratory
parameters or the systemic manifestations of tbeade.
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7. SUMMARY

BACKGROUND:

Gastro-oesophageal reflux disease (GORD) is omleeainost prevalent and though the
most extensively studied disorder of the moderrrgasterology. By definition, GORD is a
complex motility disorder of the upper gastroinitest tract, which is characterized by the
regurgitation of gastric/duodenal contents into aesophagus, the mouth or to the respiratory
tract and causing oesophageal or extraoesophaggaipt@ms or complications.
Epidemiological studies made in Europe and in thédd States confirmed that approximately
20 percent of the general population complains tsf typical symptoms (heartburn,
regurgitation) at least weekly, which has a sigaifit impact on the quality of life of the
patients. Recently, more attention is paid to tkteaeesophageal manifestations of the disease
which may result in upper or lower respiratory tr@ardiac, oral complications or in different
sleep disorders. Since typical symptoms of GORD @ften missing in such cases, the
recognition of the extraoesophageal GORD is oftéfficalt. The prevalence of these
complications is still not known exactly, and datee incomplete on their pathogenesis.
Furthermore, the value of the standard diagnosststof GORD is still unclear in such
conditions.

Among the extraoesophageal symptoms chest paira lsp®cial importance, since it
could be caused by myocardial ischaemia as wethodigh it was believed earlier that chest
pain episodes of oesophageal and cardiac origifd dmei clearly distinguished, the time that
has subsequently passed has revealed that theedtfl@ diagnosis of chest pain is often
difficult. Since the oesophagus and the heart stigie innervation, mechanical or chemical
stimulation of the oesophagus may evoke corona@smapand subsequent blood flow
reduction, which may lead to myocardial ischemiad asubsequent chest pain. This
phenomenon has been designated as linked anginanades the oesophago-cardiac reflex.
Neither the prevalence, nor the pathophysiologyhed complication is known. It is unclear
whether it can be elicited on anatomically normalabbnormal (atherosclerotic) coronary
arteries. Furthermore, this reflex is difficultg¢tudy since the only method for its evaluation is
the invasive direct flow measurement during corgrengiography.

Regarding the respiratory symptoms associated tBR@@ere have been only a few
studies carried out to establish the prevalenceegjbiratory complications in a non-selected
population of GORD patients. The prevalence of muary diagnoses among patients with
oesophagitis has been estimated to be betweem@.27%6 and bronchial asthma is reported
by 9% of subjects with GORD symptoms. In the pabiygmplogy of respiratory complications
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there are at least two major pathways involved. Titg is microaspiration, which occurs
when the regurgitated gastric acid reaches theypkand drops into the airways of patients.
The second one involves a reflex mechanism, whightaggers the sensory nerve endings of
the distal oesophagus. Their role is still notyfidstablished, and the diagnostic value of the
standard tests of GORD should also be evaluatedah conditions.

Secondary motility disorders of the oesophagus draracterized by oesophageal
hypomotility, and though they commonly show feasuoé GORD. Diabetes mellitus is known
to be the most common cause of secondary gaststimaemotility disorders.

The increasing prevalence of the disease in theldped countries results rapidly
growing health care expenses. Epidemiological esidiave revealed that nearly 75% of
patients with diabetes mellitus have gastrointastsymptoms, independently of the type of
the disease. These may include swallowing diffieg|treflux symptoms, dyspeptic symptoms,
problems with bowel transit and defecation. Sifeesé symptoms are often mild, the motility
disorder can be hidden for a long time, which mdkegreatment of the disease more difficult
and may worsen the prognosis. Subsequently thélisstaent of the characteristics and the
pathogenetical features of the motility disordeysvall as their early recognition are important
for the better management of the disease.

Autoimmune connective tissue disorders are rareseswf oesophageal motility
disorders. On the contrary oesophageal involveneefiitequently present in most of these
diseases, and symptoms related to the oesophagezléement may disturb the patient
significantly. Though, the pathogenesis of thesen@gms and their relation to other
manifestations of the disease is an important guestPatients with primary Sjogren’s
syndrome are often (up to 80%) complain of diffimd in swallowing, but only a few studies
have evaluated the oesophageal motor function én disease. The relationship between
oesophageal motility disorders and other systemanifestations of the disease or the
involvement of the salivary glands is still unclear

AIMS:

(1) To evaluate the cardiac manifestations of GORDe establishment of the
prevalence the oesophago-cardiac reflex charaeteby gastro-oesophageal reflux induced
coronary flow decrease, and its possible conseguahe “linked-angina” in patients with
angina-like chest pain. (2) To evaluate the refstiop between the presence of oesophago-
cardiac reflex to different coronary artery diseaaad gastro-oesophageal reflux disease. (3)
To develop a new diagnostic method — transoesoph&ygpler echocardiographic coronary
flow velocity measurement combined with oesophageell perfusion test — for the
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establishment of the oesophago-cardiac reflex.T@)establish the prevalence of chronic
respiratory symptoms and diseases in patients @#RD in Hungary. (5) To compare the
results of upper gastrointestinal endoscopy, 24-ftmsophageal pH monitoring in patients
with gastro-oesophageal reflux with and withoupregory manifestations. (6) To evaluate the
association between gastrointestinal symptoms aotdlityr disorders at different sites of the
gastrointestinal tract, with special respect to @esophagus in patients with type 1 diabetes
mellitus. (7) To evaluate the characteristics @& tesophageal motility disorders in patients
with type 1 diabetes mellitus. (8) To establish tesophageal motility disorders in patients
with primary Sjogren’s syndrome, and to examine ri¢dationship to the systemic and
oesophageal symptoms of the disease.

PATIENTS AND METHODS:

For the establishment of oesophago-cardiac refiegatients with angina-like chest
pain 51 patients with chest pain were enrolledrafetailed cardiologic evaluation including
coronary angiography. The prevalence of gastroqesgeal reflux disease was established by
symptom analysis, upper gastrointestinal endoscpyhour oesophageal pH monitoring, and
oesophageal manometry. The oesophago-cardiac nelisxestablished by oesophageal acid
perfusion test (0.1 N HCI and 0.9% NaCl, 120-120lthmin in a blinded manner) combined
with transoesophageal Doppler echocardiographionaoy flow measurement in the left
anterior descending artery.

For the evaluation of the chronic respiratory stongs and diseases in patients with
GORD 299 consecutive patients with GORD were reteifior oesophageal function testing.
The diagnosis of GORD was based on the resultpjpéugastrointestinal endoscopy and 24-
hour pH monitoring, extended by oesophageal manyraet video barium oesophagography.
For the evaluation of respiratory and reflux synmpso the patients filled in a detailed
guestionnaire on patient history, medications, hiébits and all symptoms of GORD including
the oesophageal and the extra-oesophageal ones.

For the establishment of secondary gastrointestmatility disorders 16 with long-
standing type 1 diabetes mellitus and 29 age axdrs#ched healthy control subjects were
studied to assess their oesophageal, gastric amdeatal motility disorders. Patients had
moderate autonomic neuropathy. The gastrointessgaiptom scores were established by
using the Talley dyspepsia questionnaire. The mioiaction of the digestive tract was tested
in the oesophagus, in the stomach and in the astomeby manometry.

For evaluation of oesophageal motor function immpry Sjogren’s syndrome 25
consecutive patients who met the criteria of theopean Community Study Group for
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Sjogren’s Syndrome and 42 control subjects werellear and submitted to oesophageal
symptom analysis, sialometry and oesophageal mampme

RESULTS:

Gastro-oesophageal reflux disease was establishé8% (23/51) of the patients with
chest pain. Oesophageal acid perfusion decreasambthnary flow velocity in 49% (25/51) of
the patients indicating the presence of oesophagtiar reflex. Oesophago-cardiac reflex was
present more frequently in patients with corongrgsen, than in patients with either epicardial
coronary artery disease or microvascular coronsgage . Patients with oesophago-cardiac
reflex had higher DeMeester scores, increased nuofleflux episodes, fraction time below
pH 4, and prolonged acid reflux episodes.

In the second study, chronic respiratory symptomsliseases were present in 18%
(56/299) of the studied patients with GORD. Chrotoeigh was observed in 42/56 patients,
while typical reflux symptoms such as heartburn acid regurgitation were observed in 30/56
and 24/56 cases, respectively. The prevalencewagidiseases was chronic bronchitis 12/56,
asthma 10/56, recurrent pneumonia 10/56, chronigsgis 7/56 and chronic laryngitis 1/56. In
patients with respiratory complications pathologad reflux was established in 29/51 cases
on the basis of the DeMeester score, while 17/5 gethologic postprandial, nocturnal or
diurnal reflux events. Upper gastrointestinal erdpy revealed a normal oesophageal mucosa
in 6/56, Savary-Miller stage | oesophagitis in Z3/Stage Il in 15/56, stage Il in 5/56 and
stage IV in 6/56 patients.

In patients with long standing type 1 diabetes iuslland autonomic neuropathy,
manometric evaluation of the oesophagus did notaleabnormalities in the region of the
pharynx and the upper sphincter except slightlynarteired UOS relaxation. In contrast, they
had decreased peristaltic wave amplitude, prolordyg@tion, decreased wave propagation
velocity, and increased number of simultaneousractions in the oesophageal body, and
decreased lower oesophageal sphincter pressurespwitonged relaxation compared to the
age and sex matched controls. Symptom analysiseshouwrrelation between reflux symptoms
and LOS relaxation times, and between dyphagisescand oesophageal body peristaltic wave
duration, propagation velocity and the rate of dianeous contractions. In the gastric antrum,
frequent, and often severe fasting motility disosdeere observed, which had no correlation
with dyspeptic symptoms. In the ano-rectal regiatigmts with diabetes mellitus had lower
squeezing-resting pressure difference in the 1A% anpaired fecal expulsive function.
Motility disorders were simultaneously present afitiple parts of the gastrointestinal tract in
the vast majority of the cases (13/16).
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Patients with primary Sjogren’s syndrome had deswe@apressure and prolonged
relaxation of the lower oesophageal sphincterhim desophageal body decreased peristaltic
velocity (€2.7cm/s) was the dominant motility disorder. Apaftthat increased duration of
contractions and higher occurrence of simultanemases were detected. Patients with
primary Sjogren’s syndrome and decreased propagaéiocity of the peristaltic waves in the
oesophageal body had significantly lower LOS presssiand prolonged LOS relaxation time
than those with normal oesophageal body peristadiiccity. Furthermore they had higher rate
of simultaneous contractions in the oesophagealy.b@f the clinical parameters, the
decreased oesophageal body peristaltic velocity agasciated with a smaller whole saliva
production either at basal state or after stimoigtiand such patients needed significantly
higher liquid requirement for swallowing than theggo had normal peristaltic velocities.

CONCLUSIONS:

Gastro-oesophageal reflux disease is frequentlgbbshed in patients with either
epicardial or microvascular coronary artery disearseith coronary spasm. The oesophago-
cardiac reflex was more frequently observed inguasi with coronary spasm. The combination
of oesophageal acid perfusion test and transoegeph®oppler echocardiographic coronary
flow measurement seems to be a useful method éodétection of this reflex. Patients with
prolonged gastro-oesophageal acid reflux episcetesjve oesophagitis and coronary spasm
may be at higher risk for the development of linkeedjina.

The prevalence of respiratory symptoms and diseaassl9% in patients with GORD.
More than half of the patients with GORD and resjoiry symptoms had abnormal 24-hour
pH monitoring scores, predominantly due to nightetireflux. The large number of patients
with normal 24-hour pH scores indicates, that sBR episodes may also be able to induce
respiratory complications. The prevalence of emsigsophagitis was similar in patients with
GORD regardless of the presence or absence ofa&syi symptoms.

In patients with type 1 diabetes mellitus and aokoit neuropathy gastrointestinal
motility disorders were observed frequently, andraost of the cases simultaneously. While
oesophageal and ano-rectal symptoms correlateer vath the manometric abnormalities, the
lack of correlation between the impaired fastingtgea motility and dyspeptic symptoms
shows, that on the basis of the clinical symptoralyamis the prevalence of such motor
disorders could be underestimated. The early rattogrof gastointestinal motility disorders
may be important for the better long-term managenwénpatients with type 1 diabetes
mellitus.
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In advanced cases of primary Sjogren’s syndromeeraévand often significant
oesophageal motility abnormalities can be foundwbich the decreased peristaltic wave
velocity in the oesophageal body showed an associatith the impaired whole saliva
production. The other manifestations of SS wereepaethdent from the presence of
oesophageal dysmotility.
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