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NIFEDIPINE AND ESOPHAGEAL DYSFUNCTION IN 
PROGRESSIVE SYSTEMIC SCLEROSIS 

A Controlled Manometric Study 

ANDRE KAHAN, BRUNO BOUR, DANIEL COUTURIER, BERNARD AMOR, 
and CHARLES J .  MENKES 

We evaluated the effect of the calcium channel 
blocking agent, nifedipine, on esophageal dysfunction in 
15 patients with progressive systemic sclerosis, using a 
double-blind, randomized, crossover, placebo-con- 
trolled manometric study. Nifedipine significantly de- 
creased lower esophageal sphincter pressure in these 
patients; this reduced lower esophageal sphincter pres- 
sure may cause gastroesophageal reflux. Thus, nifedi- 
pine may have detrimental effects on progressive sys- 
temic sclerosis patients. 

The pathogenesis of esophageal dysfunction in 
progressive systemic sclerosis (scleroderma; PSS) has 
not been well elucidated (1,2). PSS is characterized by 
vascular and microvascular abnormalities (1-4), ex- 
cessive fibroblastic activity (5,6), and collagen deposi- 
tion in numerous organs (1,2,7). The possibility that 
the lesions in target organs are a reflection of a primary 
fibrous tissue overgrowth leading to secondary vascu- 
lar compromise has not been ruled out. Nevertheless, 
a growing body of evidence based on studies of several 
organs involved in PSS suggests that the vascular 
system per se may be the primary target organ and that 
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tology. 

the lesions are a manifestation of focal ischemic injury 
resulting from functional, with or without accompany- 
ing structural, vascular disease ( ~ 4 , 8 4 4 ) .  

Nifedipine, a calcium channel blocking agent, is 
effective in the treatment of coronary vasospasm ( I  5- 
18). We (19-21) and others (22-25) have shown that 
nifedipine is effective in the treatment of idiopathic 
Raynaud’s phenomenon and Raynaud’s phenomenon 
occurring with progressive systemic sclerosis. Thus, if 
a microvascular abnormality is a contributor to the 
pathogenesis of scleroderma, nifedipine may be useful 
in the treatment of patients with early disease. 

However, nifedipine may have detrimental ef- 
fects caused by its direct action on the lower esopha- 
geal sphincter. The actions of nifedipine on smooth 
muscle cells are well documented (15-18). Several 
studies have shown that the drug decreases the lower 
esophageal sphincter pressure (LESP) in patients with 
achalasia (26,27). If nifedipine also decreases the 
LESP in patients with progressive systemic sclerosis, 
this could lead to gastroesophageal reflux. 

In the present investigation, we used a con- 
trolled, double-blind, randomized, crossover mano- 
metric study to evaluate the effect of nifedipine on I5 
patients with progressive systemic sclerosis and 
esophageal dysfunction. Our trial demonstrates that 
nifedipine significantly decreases the lower esophageal 
sphincter pressure in patients with PSS. 

PATIENTS AND METHODS 
Patients. Fifteen patients with progressive systemic 

sclerosis and diffuse scleroderma were studied. All patients 
satisfied the American Rheumatism Association preliminary 
criteria for classification of definite systemic sclerosis (28). 
None of the patients had the CREST syndrome variant 
(calcinosis, Raynaud’s phenomenon, esophageal dysmo- 
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tility, sclerodactyly, telangiectasias) of PSS (29). The pres- 
ence of the esophageal symptoms of heartburn and dyspha- 
gia was determined by direct questioning. All patients had 
abnormal results on basal esophageal manometric studies. 
Informed consent was obtained from all participants. 

Thirteen of the 15 patients were women. The mean 
age (5SD) was 47.4 4 12.1 years (range 18-67). The 
duration of disease ranged from 2-24 years (mean L SD, 1 1.5 
? 7.6 years). All 15 patients had Raynaud’s phenomenon, 
and 8 had a history of digital ulcers. All patients had normal 
serum creatinine concentrations (76 * 13 pmoleslliter, mean 
t SD). Three patients had associated Sjogren’s syndrome. 
Four patients had pulmonary involvement (abnormal forced 
vital capacity, lung diffusion capacity, or chest roentgeno- 
gram results); none of the patients had evidence (ausculta- 
tion, electrocardiographic, roentgenographic, or echocardio- 
graphic) of significant pulmonary hypertension (1,2). Six of 
the 15 PSS patients reported a history of dysphagia with 
solid foods, 5 of them also had heartburn, i.e., a retrosternal 
burning pain radiating into the neck, with sour and bitter 
regurgitation. 

Evaluation of esophageal dysfunction. The methods 
we used have been described in detail previously (30-32). In 
summary, patients were evaluated in the fasting state and in 
a supine position, using a triple-lumen assembly (inside 
diameter of each lumen, 1.1 mm) with radially oriented side 
ports (diameter, 1 mm) spaced 5 cm apart. Radial side-hole 
recording orifices were used to minimize the effects of LESP 
asymmetry as a source of recording error between pull- 
throughs. The polyvinyl catheters were perfused with dis- 
tilled water (22°C) at 0.6 ml/minute, using a low-compliance 
pneumohydraulic capillary system (32). Occlusion of any 
orifice caused a rise in the recording pressure to >800 cm 
H20/second. Polyvinyl catheters were connected in series 
with Statham transducers (model P 23ID) and pressure 
tracings were recorded on a Beckman polygraph (model R 
511A). The manometric system was calibrated in cm H20, 
with end-expiratory gastric pressure set at 0 as a reference 
point. 

For manometry, the catheter assembly was passed 
via the mouth. The LESP was recorded by the conventional 
station pull-through technique and by a rapid pull-through 
technique (31). The station pull-through technique consisted 
of withdrawal of the radial recording tips through the LES in 
0.5-cm increments, with a pause of 20 seconds or longer at 
each station; we assessed resting LESP by measuring peak 
LESP at the pressure inversion point. The rapid pull-through 
technique featured continuous manual withdrawal of the 
recording sensors through the LES at an approximate rate of 
0.5-1.0 cmhecond during a 10-15-second interval of sus- 
pended respiration. In our study and in those of others 
(30,31), LESP values measured by the rapid pull-through 
technique were similar to those determined by the station 
pull-through technique. 

We averaged the pressure values obtained from the 3 
radial recording sites to obtain a representative LESP value. 
At least 3 pull-throughs were performed. Using this method, 
reproducible LESP were obtained in normal subjects. LESP 
between 10-30 cm H 2 0  were considered normal. We also 
assessed LES relaxation following deglutition (several dry 
swallows were obtained in each patient). 

To record esophageal peristalsis, the recording sen- 

sors were stationed in the distal esophagus, I ,  6, and 1 1  cm. 
respectively, above the LES. Waves were recorded from 
each lumen in response to 3 dry swallows (spaced 30 seconds 
apart). Waves were analyzed for amplitude and duration by 
averaging, respectively, the height from the mean esophage- 
al baseline to the peak and the width from the extrapolated 
onset of the rapid upstroke to the return to baseline. In the 
distal esophagus, peristaltic waves of 40-80 cm H 2 0  lasting 
2-4 seconds were considered normal. Speed of contraction 
propagation was calculated in cm/second by dividing the 
5-cm distance between 2 pressure orifices by the time 
required for the pressure front of the contractile wave to 
travel this distance. 

Finally, the amplitude and duration of waves were 
recorded in the upper esophagus (5 cm below the upper 
esophageal sphincter). 

The tracing was read by 2 of the authors, who were 
unaware of the patient’s symptoms. 

Protocol. Our protocol for manometry required that 
the patient take no medication (including alcohol, coffee, or 
cigarettes) for 48 hours before the study. After a baseline 
manometric recording, each patient received a single oral 
dose of 20 mg nifedipine or placebo; the manometric study 
was done 90 minutes after each drug or placebo administra- 
tion. Nifedipine and placebo were assigned on a random, 
double-blind basis and were administered at the same time at 
3-day intervals. 

Statistical methods. The Student’s t-test for paired 
data was used to evaluate the significance of the differences 
between the values at baseline and those obtained after 
placebo or nifedipine administration. P values c0.05 were 
considered significant. 

RESULTS 
Esophageal manometric findings. Results of the 

manometric studies are shown in Table 1. Baseline 
esophageal dysfunction was demonstrated by de- 
creased or absent distal peristalsis in all 15 PSS 
patients. Eight patients had distal aperistalsis; 7 pa- 
tients had a decrease in esophageal contraction ampli- 
tude, 5 of whom also had an increase in the duration of 
waves. Ten patients had normal baseline LESP (group 
I), and 5 had low basal LESP (group 11). Four of the 10 
patients with normal baseline LESP and 4 of the 5 
patients with low baseline LESP had distal aperistal- 
sis. Two patients with low baseline LESP and distal 
aperistalsis had heartburn and a history of dysphagia. 
Two patients with normal baseline LESP and distal 
aperistalsis had dysphagia, I of whom also had heart- 
burn. ‘Two patients with normal baseline LESP and 
low-amplitude distal esophageal contractions had 
heartburn and dysphagia. 

‘Twelve patients had normal baseline upper 
esophageal peristalsis; 3 patients had a decrease in 
amplitude of peristaltic contractions in the upper 
esophagus (5 cm below the upper esophageal sphinc- 
ter). 



492 KAHAN ET AL 

Table 1. Manometric characteristics of I5  patients with progressive systemic sclerosis and diffuse scleroderma, at baseline and after placebo 
and nifedioine administration* 

n Baseline Placebo Nifedipine 

LESP 
All patients I5 13.9 f 7.7 13.8 f 8.3 10.2 f 5.7t 

Group I1 5 5.6 f 2.0 5.0 f 2.2 4.9 '' 2.2 
Group I 10 18.0 2 5.8 18.2 f 6.3 12.9 f 5.1$ 

Waves 
Amplitude, 1 cm above LES 15 7.7 2 8.7 7.5 2 8.4 7.0 2 7.9 
Amplitude, 6 cm above LES 15 7.7 2 8.8 7.6 ? 8.7 6.6 2 7.6 
Amplitude, 1 I cm above LES 15 8.1 2 9.1 8.1 f 9.0 8.5 t_ 9.7 
Duration, 1 cm above LES 7 5.1 f 1.8 4.5 rt 1.2 5.4 f 1.0 
Duration, 6 cm above LES 7 4.8 f 1 . 1  4.6 2 1 . 1  4.8 f 0.9 

4.2 f 1.0 Duration, 11 cm above LES 7 4.4 f 1.4 4.5 * 1.4 
Amplitude, 5 cm below UES 15 48.1 f 26.1 47.1 t 25.8 49.4 f 25.9 

2.6 f 0.8 Duration, 5 cm below UES 14 2.5 f 0.7 

* Amplitude in cm H 2 0 ;  duration in seconds. Eight patients had distal esophageal aperistalsis; the amplitude of distal esophageal contractions in 
these 8 patients was considered to be 0, and was taken into account in calculating the mean amplitude of distal esophageal waves in all 15 
patients. The mean duration of distal esophageal contractions was calculated using the values obtained in the other 7 patients. One patient had 
upper esophageal aperistalsis; the amplitude of upper esophageal contractions in this patient was considered to be 0, and was taken into account 
in calculating the mean amplitude of upper esophageal waves ( 5  cm below the upper esophageal sphincter [UES]) in all 15 patients. The mean 
duration of upper esophageal waves was calculated using the values obtained in the other 14 patients. Group 1 = 10 patients with normal 
baseline lower esophageal sphincter pressure (LESP), in cm H 2 0 ;  Group I1 = 5 patients with low baseline LESP. Values are mean f SD. 
t P C, 0.005 versus placebo; P < 0.0025 versus baseline. 
t P < 0.0025 versus placebo; P < 0.0025 versus baseline. 

2.5 2 0.6 

The mean (+SD) baseline LESP of the total 
group was 13.9 1 7.7 cm H20;  it was 13.8 ? 8.3 cm 
H 2 0  in the placebo-treated patients and 10.2 k 5.7 cm 
H 2 0  in the nifedipine4reated patients (Figure 1 and 
Table 1). Nifedipine treatment significantly decreased 
LESP when compared with values at baseline ( P  < 
0.0025) and after placebo treatment (P < 0.005). The 
mean LESP values at baseline and after placebo 
treatment did not differ significantly. 

Nifedipine induced a 25-50% decrease in LESP 
in 6 of the 10 patients with normal baseline LESP 
(group I) and in 1 of the 5 patients with low baseline 
LESP (group 11). In group I, nifedipine significantly 
decreased LESP (12.9 ? 5.1 cm H20,  mean k SD) 
when compared with placebo (18.2 * 6.3 cm HzO; P == 

0.0025) and with baseline values (18.0 ? 5.8 cm H20;  
P < 0.0025) (Table 1). 

Other manometric characteristics were not sig- 
nificantly changed in the treated patients (Table 1). 
Nifedipine did not significantly modify the amplitude, 
duration, or speed of waves in the distal esophagus, or 
the LES relaxation. The amplitude and duration of 
waves in the upper esophagus (5 cm below the upper 
esophageal sphincter) were similar at baseline and 
after placebo and nifedipine administration. 

DISCUSSION 
Esophageal involvement occurs in up to 90% of 

patients with progressive systemic sclerosis (1,2,7,33- 

44). Esophageal manometric studies often demon- 
strate abnormalities in the portion of the esophagus 
containing smooth muscle (the distal one-half to two- 
thirds), with diminished amplitude or absence of peri- 
staltic waves. A decrease or absence of pressure in the 
lower esophageal sphincter is frequently noted 
(1,2,35-39,41-44). These abnormalities may lead to 
dysphagia, heartburn, and reflux esophagitis. Patients 
may have dysphagia secondary to either an esophageal 
stricture or to disturbed esophageal peristalsis. The 
incomplete functioning of the lower esophageal 
sphincter allows gastroesophageal reflux; weakened 
peristaltic contractions in the lower esophagus fail to 
clear this refluxed gastric acid, and acid remains in 
contact with the esophageal mucosa for a longer 
period of time, causing esophagitis (1,2,42-44). 

Several reports have emphasized the possible 
vascular and microvascular pathogenesis of progres- 
sive systemic sclerosis (1-4). On histopathologic ex- 
amination, the digital arteries of patients with sclero- 
derma reveal striking intimal hyperplasia, leading in 
the majority of cases to severe attenuation of the 
arterial lumen (45). Similar histopathologic changes 
are evident in the small arteries of the gastrointestinal 
tract, lungs, and kidneys (4,7). Transient nonperfusion 
or Raynaud's phenomenon of the digits (1,2), kidneys 
(lO,ll) ,  lungs (12,13), and heart (8,9) probably ac- 
counts for many of the morphologic changes observed 
in these organs (1,2). 

Recent findings of an ultrastructural study of 
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Figure 1. Effect of nifedipine on lower esophageal sphincter pres- 
sure (LESP) in 15 patients with progressive systemic sclerosis and 
diffuse scleroderma. Lower esophageal sphincter pressure in each 
individual patient is shown for the baseline state and after 
placebo and nifedipine administration. = group I: 10 patients with 
normal baseline LESP; A = group 11: 5 patients with low baseline 
LESP. 

the esophagus (46) also supported a primary vascular 
cause, rather than a neurogenic (47) or myopathic 
process, of esophageal dysfunction in progressive sys- 
temic sclerosis. Thus, a functional, with or without 
accompanying structural, vascular disease may be an 
important contributor to the pathogenesis of PSS. The 
calcium channel blocking agent, nifedipine, which 
causes vasodilation (15-25), may be effective in early 
stages of the disease in preventing some vasospastic 
events that could lead to the long-term damage often 

found in scleroderma; thus, we would recommend the 
use of nifedipine in the treatment of early PSS. 

However, our manometric findings should be 
taken into account when nifedipine is being considered 
as a treatment for patients with scleroderma. The 
major observation in this study was that nifedipine 
significantly decreased the lower esophageal sphincter 
pressure in these patients. It should be emphasized 
that nifedipine-induced reduction in LESP was strik- 
ing in patients with normal baseline LESP. This effect 
is probably due to the block of calcium transmembrane 
influx, which determines the LES tone, both under 
baseline conditions and after administration of some 
agonists (48,49). 

Thus, nifedipine, which decreases the LESP, 
may have a detrimental effect on patients with progres- 
sive systemic sclerosis. An incompletely functioning 
lower esophageal sphincter fails to provide a barrier to 
reflux of gastric acid into the esophagus, which may 
cause esophagitis. Moreover, gastroesophageal reflux 
may be responsible for chronic aspiration; thus, nifedi- 
pine may also enhance chronic aspiration and pulmo- 
nary disease in PSS patients (50). 

The effectiveness of cimetidine in the treatment 
of gastroesophageal reflux has been demonstrated in 
progressive systemic sclerosis patients (5 1). Thus, the 
use of an H-2 receptor antagonist may prevent some of 
the deleterious effects of nifedipine: in early scleroder- 
ma, when nifedipine can be an effective treatment for 
vascular features of the disease, an H-2 receptor 
antagonist may be used to minimize esophageal dam- 
age and the potential gastroesophageal reflux that may 
accompany ongoing pulmonary aspiration, pulmonary 
hypertension, and/or pulmonary fibrosis. 

Recent studies (52) have shown that various 
mechanisms, such as transient complete LES relax- 
atioii, transient increase in intraabdominal pressure, or 
spontaneous free reflux associated with a low resting 
LESP, may cause gastroesophageal reflux in patients 
with symptomatic reflux esophagitis (without progres- 
sive systemic sclerosis). Further studies with continu- 
ous monitoring of LESP and esophageal pH (52) are 
needed to determine whether nifedipine can modify 
transient LES relaxation unrelated to swallowing in 
patients with early PSS. 

In summary, when nifedipine is used in treating 
scleroderma patients, the physician should consider 
both the generalized potential effects on the disease 
and the local effects on the esophagus. On the one 
hand, since a vascular abnormality may be a contribu- 
tor to the pathogenesis of progressive systemic sclero- 
sis, nifedipine, which causes relief of artery spasm, 



may be  beneficial in the  treatment of early scleroder- 
ma. However, our controlled manometric study does 
document that nifedipine has a deleterious effect on 
lower esophageal sphincter pressure, which could 
contribute to gastroesophageal reflux leading to esoph- 
agitis and chronic aspiration and pulmonary disease. 
Thus,  it appears that the  use of nifedipine for general- 
ized scleroderma may be helpful if protective mecha- 
nisms, i.e., H-2 receptor antagonists, liquid antacids, 
and the use of postural esophageal drainage, are 
added. A long-term controlled study of nifedipine in 
patients with early PSS and esophageal dysfunction is 
warranted. 
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