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Summary. Medial arterial calcification is frequently seen in 
diabetic patients with severe diabetic neuropathy. Sixty pat- 
ients (19 diabetic and 41 non-diabetic) were examined radio- 
logically for typical Mrnckeberg's sclerosis of feet arteries 
6-8 years after uni- or bilateral lumbar sympathectomy. Fifty- 
five out of 60patients (92%) revealed medial calcification. 
This calcification was observed in both feet of 93% of patients, 
who had undergone bilateral operation. After unilateral sym- 
pathectomy the incidence of calcified arteries on the side of 
operation was significantly higher than that on the contra- 
lateral side (88% versus 18%, p < 0.01). Although diabetic pat- 
ients showed longer stretches of calcificiation than non-dia- 

betic subjects, the difference was not significant in terms of in- 
cidence and length. Of 20 patients who had no evidence of 
calcinosis pre-operatively, 11 developed medial calcification 
after unilateral operation exclusively on the side of sympa- 
thectomy. In seven patients calcinosis was detected in both 
feet after bilateral operation. In conclusion, sympathetic de- 
nervation is one of the causes of MOnckeberg's sclerosis re- 
gardless of diabetes mellitus. 
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In 1903 M6nckeberg [1] described a peculiar calcifica- 
tion of  the arterial tunica media stating that this condi- 
tion was not related to the usual arteriosclerosis. The al- 
teration does not involve the intimal layer of  the artery 
and, therefore vessel obstruction is not a consequence. 
The aetiology and pathogenesis of  this type of  calcifica- 
tion still remain unknown.  Medial calcification is fre- 
quently observed in diabetic patients [2] and the inci- 
dence increases with age and duration of  diabetes mel- 
litus. After 35 years o f  diabetes, 94% present with arteri- 
al calcification [3]. A similar incidence of  90% was 
found in diabetic subjects with severe diabetic neuropa- 
thy (Charcot joints) despite a shorter duration of  the 
metabolic disease [4]. According to Edmonds  et al. [5], 
medial calcification was much more frequent in diabet- 
ic subjects with neuropathy,  especially of  the autonomic 
nervous system, than in diabetic patients without neuro- 
pathy. 

In order to test whether medial arterial calcification 
of  arteries might be related to destruction of  sympathet- 
ic innervation rather than being a consequence of  the 
metabolic disorder alone, we examined 19 diabetic and 
41 non-diabetic patients who had been subjected to uni- 
or bilateral lumbar sympathectomy several years ago. 

Subjects and Materials 

Subjects 
The study included 60 patients (19 diabetic and 41 non-diabetic) who 
had undergone lumbar sympathectomy between 1974 and 1976 be- 
cause of ischaemic limb disease. Unilateral sympathectomy had been 
performed in 33 (10diabetic and 23 non-diabetic) patients and 27 
(9 diabetic and 18 non-diabetic) had bilateral operations. At the time 
of investigation the mean age was 67 years (range 49-82 years). Twen- 
ty-seven subjects with angiographically proven macroangiopathy 
matched for age, sex and diabetes served as controls for the bilaterally 
sympathectomized patients. In the 17 patients with previously diag- 
nosed diabetes, the diagnosis had been made 10years ago (mean 
range: 2-19 years). In addition, our investigation showed two addi- 
tional patients of the supposedly non-diabetic group to suffer from 
this disease. 

Despite thorough clinical examination, no signs of diabetic micro- 
angiopathy were observed. Vibration sense and deep tendon reflexes 
were intact in 52 out of 60 patients. Ankle jerks were absent in eight 
subjects. Three subjects had lost vibration sense. Nerve conduction 
velocity studies were not performed. All patients had peripheral vas- 
cular disease, which had led to sympathectomy, yet only 52% of them 
have symptoms of intermittent claudication at the present time. 

There were 17 non-insulin-dependent diabetic patients and two 
additional patients requiring insulin treatment. At the time o.f the 
study, their diabetes was well controlled, with glycosylated haemo- 
globin values below 11% in 16 patients (microcolumn-chromatogra- 
phy, normal range 4.8-8.5%). 
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Materials 

Quantitative X-ray studies were performed on 18 x 24 cm films which 
were taken on anterior-posterior view of both feet without magnifica- 
tion. The exposures were made according to a prefixed system with 
the same X-ray apparatus. Focus was 1.2 ram, focus-film distance 
100 cm. The central beam was at a right angle to the object. 

Medial calcification appears as a more or less continuous line 
along one or both sides of the arteries. The X-ray film was considered 
as positive for medial calcification if at least one typical ring or a 
linear calcification of 2 mm was visible between the heads of the 
metatarsal bones. For quantification the length of continuous calcifi- 
cation was measured on the X-ray films between the first and second 
metatarsal bone and expressed in mm. In 22 patients (six diabetic and 
16 non-diabetic) pre-operative radiographs of the feet were available 
for comparison. These pictures had been taken because the patients 
had presented with skin ulceration. Two patients were excluded from 
the study because medial calcification was already visible on these 
pre-operative radiographs. 

Table 1. Medial calcification in patients after lumbar sympathectomy 
and in control subjects 

After lumbar sympathectomy 

Bilateral Unilateral 
operation operation 

Control 
Subjects 

Total number 27 33 27 

Medial calcification 25 6 3 
on both sides 

Medial calcification 1 23 a 1 
on one side 

Medial calcification 1 4 23 
negative 

a operated side only 

The X-ray films were examined and evaluated by one of the au- 
thors without previous knowledge of the medical history and clinical 
data of the patients (particularly side of operation). 

The sign test [6] was used to assess the statistical significance of 
difference in calcification between both feet after unilateral sympa- 
thectomy. Differences of calcification between diabetic and non-dia- 
betic subjects were analyzed by the Mann-Whitney rank test [7]. 

Results 

The classical linear calcification of feet arteries was 
found in 55 out of 60 patients (92%) with lumbar sym- 
pathectomy (Table 1). 

Results Following Bilateral Sympathectomy 

After bilateral operation 25 of 27patients (93%) re- 
vealed M6nckeberg's sclerosis in both feet, one patient 
on one side only; the remainder had no visible altera- 
tion of the vessels at all. In the control group of 27 pat- 
ients matched to the bilaterally operated subjects, only 
four (15%) revealed medial calcification on X-ray films 
of their feet. 

Results Following Unilateral Sympathectomy 

After unilateral nerve dissection, sclerosis was found on 
the operated side (Fig. 1) in 29 out of 33 patients (88%), 
23 out of these 29 patients (80%) did not show detect- 
able medial calcification on the opposite side. Six pat- 
ients presented with calcific deposits on the unoperated 
side also. The four patients, who remained free of medi- 

Fig. L X-ray film of both feet of a non-diabet- 
ic patient 8 years after sympathectomy on the 
left side 
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al calcification on the side of sympathectomy exhibited 
no sclerotic changes on the other side. 

After unilateral sympathectomy quantification of 
arterial calcification revealed highly significant differ- 
ences between both feet in the cases of bilateral calcifi- 
cation: the median length of M6nckeberg's sclerosis on 
the operated side was 33_+7 mm (mean+ SEM, range 
4-68 ram), on the other side it amounted to 13 _+ 3 mm 
(range 2-41 mm; p < 0.01). In every case with bilateral 
sclerosis the stretch of arterial calcification visible be- 
tween the first and second metatarsal bone was longer 
on the side of operation than on the opposite side. 

There was almost no difference in the incidence of 
medial calcification on the side of operation after uni- 
lateral sympathectomy in diabetic patients (nine out of 
ten), and non-diabetic subjects (20 out of 23 ; 90% ver- 
sus 87%). Yet, 30% of the diabetic patients (three out of 
ten) developed sclerosis on both sides, whereas only 
13% (three out of 23) of the non-diabetic subjects pre- 
sented with sclerotic changes in the other foot. The 
mean length of calcification was longer in the diabetic 
patients (19 + 7 mm) than in the non-diabetic subjects 
(13 ___ 3 ram), although the difference was not statistical- 
ly significant. 

Results in Patients with Pre-operative Radiographs 

Radiographs of 22patients (six diabetic and 16 non- 
diabetic subjects) taken before sympathectomy were 
available for retrospective analysis. On these pre-opera- 
tive films, only one person with diabetes of 14 years du- 
ration at the time of operation revealed medial calcifica- 
tion in both feet. One non-diabetic subject had shown 
short streaks of calcific deposits on one side. He under- 
went surgery on the other side and presented with 
marked M6nckeberg's sclerosis in the arteries of both 
feet 7 years later. These patients were excluded from the 
study. Of the remaining 20 patients (one-third of all sub- 
jects) with negative X-ray films, 13 underwent unilateral 
surgery. Typical calcification developed in 11 patients 
on the operated side without any changes on the con- 
tralateral side. One patient was operated on only one 
side but was later found to have calcinosis in both feet. 
One patient showed no arterial changes at all 6 years 
after unilateral nerve dissection. Bilateral sympathecto- 
my was performed in seven patients, all of whom re- 
vealed calcification on both sides later. 

Discussion 

M6nckeberg's medial sclerosis is usually an incidental 
radiological finding. Its course is benign and its clinical 
significance has been questioned, although involvement 
of visceral arteries such as renal [8] and coronary vessels 
[9] has been described. 

We have observed medial calcification with its typi- 
cal ring-like and finely granular appearance along the 

digital arteries of the feet in 55 out of 60 patients after 
lumbar sympathectomy. After bilateral operation 93% 
of these subjects revealed medial calcification com- 
pared with only 15% of 27 matched control subjects. Af- 
ter unilateral sympathectomy a highly significant differ- 
ence in incidence of vessel calcification was found be- 
tween the operated and the unoperated legs. These pat- 
ients served as their own controls. No relevant differ- 
ence was observed between diabetic and non-diabetic 
subjects. 

The post-operative development of medial calcifica- 
tion was proven in almost one-third of all patients by 
comparison of pre- and post-operative radiographs. 
Calcification was not related to age and duration or 
severity of diabetes. Since all operations were per- 
formed in a limited period from 1974 to 1976 and the 
number of negative X-ray films after operation was very 
small, time dependency could not be tested. 

The incidence of medial calcification without sym- 
pathectomy increases with age in diabetic patients as 
well as in non-diabetic subjects, as does general arterio- 
sclerosis with intimal calcific deposits [10]. Although we 
cannot exclude the possibility of intimal calcification in 
some of our patients all of whom had obliterating 
arteriosclerosis, the characteristic radiological appear- 
ance of linear calcification strongly suggests medial 
sclerosis. No evidence of other diseases known to be as- 
sociated with medial calcification, such as chronic renal 
failure [11] or metabolic bone disease [12], was observed 
in our patients. 

Diabetic microangiopathy has also been suggested 
to cause medial calcification [13], but our diabetic pat- 
ients did not reveal diabetic retinopathy or nephropa- 
thy. In their series of diabetic patients Edmonds et al. [5] 
found a stronger association of arterial calcification 
with neuropathy than with retinopathy and nephropa- 
thy. 

On microscopic examination calcific deposits in 
M6nckeberg's sclerosis are located exclusively within 
the medial layer of the arterial wall sparing both the in- 
ternal and external membranes [14]. Calcification could 
be the consequence of trophic disturbances of smooth 
muscle cells in the tunica media after sympathectomy. 
Morphological changes, such as fragmentation and 
atrophy of smooth muscle cells, occur after long-term 
damage of autonomic innervation in animal experi- 
ments [15, 16]. Focal necrosis and degeneration of mus- 
cle cells lead to thinning of the medial layer of the arter- 
ies followed by calcium salt deposition with structural 
and functional alterations of the vessels [17, 18]. 

Our findings suggest that medial arterial calcifica- 
tion of the M6nckeberg type in diabetes is probably re- 
lated to damage or destruction of sympathetic innerva- 
tion as a part of diabetic neuropathy, rather than to the 
metabolic disorder alone. Since all our patients have pe- 
ripheral vascular disease, the possibility of vessel calci- 
fication as a consequence of sympathectomy only in, or 
in conjunction with arteriosclerosis cannot be excluded. 
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A diminished vascular flow in ischaemic limb disease 
might have contributed to the development of medial 
calcification after sympathectomy. 

Nevertheless, the observation of degenerative vascu- 
lar changes as the consequence of destruction of auto- 
nomic innervation deserves further investigation. 
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