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Eighteen consecutive patients with an established diagnosis of Pf'ogressive Systemic 
Sclerosis (PSS) underwent differenl investigative procedures to dctermine possible esopha
geal involvement. Esophageal sclerosis was demonstrated by X-ray and manometry in 13 
patients. In all patients endoscopic biopsies of esophageal mucosa were obtained. In all 
biopsies the concentrations of hydroxyproline. hydroxylysine and proline were deter
mined. Patients suf

f

ering from PSS involving the esophagus were found to have a signifi
cantly higher concentration of collagen specific amino acids (hydroxyproline and hydroxy
lysine) in lhe esophageal mucosa (endoscopic obtainable biopsies) than patients with PSS 
not affecting the esophagus. Key words: Esoplwgeal 111a11ome1ry: Esop/,agoscopy; Hy
droxyproline; Hydroxylvsine: Sclerodenna. (Rec.:ive<.l February 5, 1984.)
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In patients with Progressive Systemic Sclerosis (PSS) an involvement of thc gastrointesti

nal tract is often found. 

Most frequently affected is the esophagus. The aim of the present study is to provide a 

biochemical method 10 distinguish esophageal involvemcnt in the PSS syndrome. By 

measuring the concentration of collagen specific aminoacids we describe a biochemical 

profile of the esophageal mucosa. 

MATERIAL 

Eighteen consecutive patients. i.e. 17 females and one male. admitted to the University Hospital 
Department of Dermatology with an established diagnosis of generalized �cleroderma (PSS). were 
examined in order lo demonstrate esophageal involvement. 

Excluded were only patients with interfering systemic diseases (i.e. diabetes mellitus). Eleven of 
the 18 patients suffered from dysphagia and heart burn. 

Seventeen out of 18 patients were permanently treated with collagen biosynthesis inhibitors. 
A combini1tion of D-penicillamine and glutamine was used in 14 patients. Giutamine combined with 

hydralazine was used in one patient and combined with prednisone in one patient. One patient 
received glutamine alone (I). Mean age of the patients was 55 years. range 32-70 years. 

Mcan duration of the disease wa� 9.3 years. range 1-28 years. 

METHODS 

The investigative program included the following. 
X-ray of the esophagus was done as a cine-radiographic examination of a barium swallow. The 

patient was asked to drink contrast material in small portions and was examined standing as well as in 
a horizontal position. While lying. the patient was examined in the prone and supine position as well 
as with the table in Trendelenburg position (2). 
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lmpaired or absent peristalsis, dilatations with or without strictures were considered abnormalities 
due to PSS affection (3, 4). Hiatal hernia. gastroesophageal reflux and strictures only were noted but 
did not influence categorization. 

Manometry. For the manometric study, a pressure probe consisting of two polyethylene catheters 
(Clay Adams. PEl60, i.d. 1.14 mm. o.d. 1.57 mm) was used (5). Lower esophageal sphincter (LES) 
pressure gradient, esophageal peristalsis and upper esophageal sphincter (UEL) gradient were evalu
ated. The pressure measurements were registered with an interval of I cm (intermillent withdrawal) 
and the patient was asked to swallow at every step (dry swallows) (5). 

Again diminished-to-absent peristalsis in the Jower 2/3 of the esophagus and/or a diminished LES 
pressure were considered diagnostic of PSS of the esophagus (3). 

lf any disagreement between radiology and manometry occurred it was decided to accept the 
manometric outcome for categorization (6). 

esophagoscopy and biopsy procedure. Esophagoscopy was performed in the morning after an 
overnight fast. An Olympic fiberoptic panendoscope (GIF-K or GIF-P2J wds used. Mucosal biopsies 
were removed circumferentially about 5 cm above LES. 

l f  any evidence of esophagitis was noted biopsies from the intlamed mucosa were taken as well as 
biopsies from the most distal normal appearing mucosa. The latter biopsies were used for biochemical 
evaluation. 

Biopsy evaluation 

Hisropathology. The biopsies were fixed in Lillies solution, stained with hematoxylin/eosin or Alcian 
Blue and examined under a light microscope. This examination was carried out in a blinded manner. 

8iochemis11y. Hydroxyproline (Hyp) and hydroxylysine (Hyl) are collagen specific amino acids. 
Proline (Pro) occurs in higher amount in collagen than in other proteins. Hyp. Hyl or Pro were 
assayed by a method developed in this laboratory (7. 8). The limits of detection are 9 nmol Hyp/mg. I 
nmol Hyl/mg, and 15 nmol Pro/mg. The reproducibility is demonstrated by a deviation on doublc 
estimations of approx. 2 %. 

The biopsies were extracted with acetone and ether and dried under vacuum. The defatted, dried 
tissue was hydrolysed in 6 N HCI at I 18°C for 18 h and evaporated to dryness at 60°C at 50 mbar. The 
residue was dissolved in 0.046 M citrate-0.415 M phosphate buffer pH 7.0 and analysed for Hyp. Hyl 
and Pro in three AutoAnalyzerss. 

Hyp was oxidised by chJoramine T forming a pyrrole derivation which was colored with p
dimethylaminobenzaldehyde and quantitatively determined photometrically. 

Hy! was oxidised by sodium meta-periodate and colored with p-aminobenzaldehyde before photo
metrical detection. 

Pro was heat ed with ninhydrin reagent at 75°C and the chromogen was read at 5 I 5 nm. 

Statisrics 

The Wilcoxon rank sum test for unpaired data was used for statistical analysis. 

RESULTS 

X-ray and manomefly

According to our diagnostic criteria 13 out of 18 patients suffering from PSS had esopha

geal manifestations. 
In one patient with normal esophageal manometry a hiatal hernia caused X-ray misinter

pretation. 

A grading of the esophageal involvement was not intended. 

Histopathology 

Routine histology showed all specimens to reach the level of the muscularis mucosa. No 

evidence of inflammation was observed. In three biopsies, all from esophagus affected by 

PSS. a slight mucosal fibrosis was demonstrated. 

Biochemistry 

A certain amount of collagen was demonstrated in the esophageal mucosa of PSS patients. 

Patients with esophageal involvement demonstrated a significantly higher collagen 
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Figs. /, 2 and 3 show the concentration of Hyp. Hyl and Pro. respectively. in the esophageal mucosa from PSS 
patients. The concentration is measured as nmol amino acid per mg defatted. dried mucosa. • Refers to patients 
with PSS including esophageal manifestations. 0 Refers to patients with PSS without esophageal involvement. The 
determination of Hyp has slipped in one patient. A significant difference in Hyp. Hyl and Pro concentration bctween 
the two groups of patients is found. For statistical analysis the Wilcoxon rank sum test is used. 

concentration in the esophageal mucosa than patients without esophageal involvemenl 

(Figs. 1. 2. 3). 

No correlation between age or duration of disease and concentration of Hyp and/or Hyl 

and/or Pro in the esophageal mucosa was observed. 

DISCUSSTON 

Esophageal manifestations are present in 70% of patients with PSS. 

However, as many as one-half of these patients remain asymptomatic. On the other 

hand, if symptoms are present. abnormalities in esophageal radiographic or physiological 

studies are highly likely to be found (9). 

Dysphagia and heartburn are the complaints most frequently noted. 

Dysphagia is caused by dysmotility diagnostic for PSS. while heartburn is due to the 
gastroesophageal reflux, often complicating PSS of the esophagus (patulous LES. im

paired peristalsis). 
Several investigative procedures are useful in the diagnosis of esophageal PSS. Conven

tional X-ray examination (barium swallow) combined with cineradiography and mano

metry are common methods. Manometry is considcrcd the most sensitive method for 

detecting impaired motility and diminished-to-absent tone in LES (6). 

Endoscopy is unavoidable to detect and value therapy of esophagitis and to exclude 

malignancy but does not contribute to the diagnosis of PSS. 

When dealing with surgical or autopsy (whole wall) spccimens. histopathology may 

confirm the diagnosis of PSS. The gastrointestinal wall is atrophic rather than fibrotic, 

although fibrosis may occur (10). Atrophy as well as fibrosis are confined to the tunica 
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muscularis. Ultrastructural investigation of the whole esophageal wall contributes with 
information on damaged vasculature in the same area ( I I). 

U p 10 the present day, histopathology (light microscopy of endoscopic mucosal biop
sies) has been of no diagnostic or prognostic value. Electron microscopic examinalions. 

however, have revealed fibrosis in the muscularis mucosa in the small intestine ( 12). 

A biochemical evaluation, i.e. an estimation of the concentration of collagen specific 

amino acids in the esophageal mucosa has not previously been reported. Considering 
results from experimental work on the aorta. lamina propria might be thc location for 
collagen depositions to take place ( 13). 

It is generally accepted that the very severe esophagitis often seen as a complication in 
PSS simulates any other reflux esophagitis and is not facilitated by any special mucosal 

condition (10). It is accepted. too, that formation of esophageal strictures is based on 

chronic regurgitation and is not intluenced by the basic illness. We question whether this 

notion is correct, knowing, as a new piece of information, that the mucosal collagen 

metabolism is altered. 

We suspect that the pathogenesis of esophagitis and esophageal stricture formation in 

the PSS syndrome is much more complicated than hitheno assumed. 

IN CONCLUSJON 

An altered collagen metabolism in the esophageal mucosa of PSS patients is demonstrated. 

This discovery together with the electron microscopic detection of librosis in the 

muscularis mucosa indicate a complexity of changes in the wall of the gastrointestinal tracl 

implying not only atrophy of functional tissue (srnooth rnuscle) with fibrotic repair but 

formation of excess collagen as well. 
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