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Summary. In  a study of the coronary arteries from 
20 old diabetics and 20 old patients without clinical 
diabetes the following findings were obtained: -- 1. The 
distal part  of the extramural coronary artery from the 
diabetic patients contained more hyaline, ]?AS-positive 
n'laterial and fat in the int ima than  did that  of the non- 
diabetic patients, bu t  did not show a higher degree of 
metachromasia. -- 2. There was more calcium in the 
proximal as well as in the distal part  of the extramural 
coronary arteries in the diabetics than in the non-dia- 
betics. -- 3. Severe ]?AS-positive deposits were found in 
the smallest intramural  branches much more often in 
diabetics than :in non-diabetics. -- 4. The ]?AS-positive 
substance did not  react to staining for acid mucopoly- 
saccharides, glycogen, collagen, fibrin or reticulin. -- 5. 
Endothelial proliferation was not observed in the small 
vessels with ]?AS-positive material. -- 6. There was no 
measurable difference in the wall thickness of the smallest 
intramural  vessels between the diabetic and non-diabetic 
patients. -- 7. The incidence of ]?AS-positive small vessels 
of the myocardium was closely related to the incidence 
of nodular glomerulosclerosis in the kidney. There was no 
such relation to the blood pressure. 

Modifications histoIogiquee et histochimiques dans les 
attires coronaires de patients diabdtiques digs 

Rgsumg. Au cours d 'une 6rude des art6res coronaires 
de 20 diab6tiques s et de 20 patients ~g6s sans diab6te 
clinique, on a obtenu les r6sultats suivants : -- 1. La partie 
distale de l 'art6re eoronaire extramurale des patients dia- 
b6tiques contenait plus de substance hyaline, de substance 
]?AS-positive et de graisse dans l ' int ima que celle des pa- 
tients non-diab6tiques mais ne prdsentait pas u n p l u s h a u t  
degr6 de mgtaehromasie. -- 2. I1 y avait  plus de calciana 
aussi bien dans la partie proximale que distale des artgres 
coronaires extramurales chez les diabdtiques que chez les 
non-diabdtiques. -- 3. D' importants  d@Sts ]?AS-positifs 
ont 6t6 trouvds dans les plus petites branches intramurales 
bien plus souvent ebez les diabdtiques que chez les non- 
diab~tiques. -- 4. La substance ]?AS-positive ne rdagissait 
pas ~ la coloration des mucopolysaccharides acides, du 

glycog6ne, du collag6ne, de la fibrine ou de la rdticuline. -- 
5. On n ' a  pas observd de prolif6ration endothdliale darts 
les petits vaisseaux qui contenaient la substance PAS- 
positive. -- 6. I1 n ' y  avait  pas de diff4rences mesurables 
dans l'6paisseur de la paroi des plus petits vaisseaux intra- 
muraux des diabdtiques et des non-diab6tiques. -- 7. La 
presence des petits vaisseaux PAS-positifs du myocarde 
6fair en relation dtroite avec la prdsence de g]omJrulo- 
scldrose nodulaire dans le rein. I1 n 'y  avait pas de relation 
avec la  pression sanguine. 

ttistologisehe and histochemische Veriinderungen in den 
Coronarien yon Altersdiabetilcern 

Zusammenfassung. Eine Untersuchung der Coronar- 
arterien yon 20 Altersdiabetikern und 20 ~lteren Personen 
ohne klinischen Diabetes fiihrte zu folgenden Befunden: 
-- 1. Der distale Anteil von extramuralen Coronarien yon 
Diabetikern enthielt mehr hyalines, ]?AS-positives Mate- 
rial and  ~'ett in der In t ima als die Geffil~e yon Nicht- 
diabetikern, zeigte aber keine st/~rkere Metachromasie. -- 
2. Bei Diabetikern land sich in den proximalen und dista- 
len Absehnitten der extramuralen Coronarien mehr Cal- 
cium als bei Nichtdiabetikern. -- 3. In  den kleinsten 
intramuralen Verzweigungen liel?en sich bei Diabetikern 
wesentlich h~ufiger als bei Nichdiabetikern schwere, ]?AS 
positive Ablagerungen nachweisen. -- 4. Dieses ]?AS 
positive Material liel3 sich nicht auf 1V[ucopolysaccharide, 
Glykogen, Kollagen, Fibr in  oder l~eticulin anf~rben. -- 
5. Kleine Gef~/13e mit  ]?AS positiven Ablagerungen wiesen 
keine Endothel-]?roliferation auf. -- 6. Kleinste intra- 
murale Gef~e yon Diabetikern und Nichtdiabetikern 
zeigten keine Unterschiede in der Wandst~rke. -- 7. Es 
land sich eine enge Korrelatlon zwisehen der H~iufigkeit 
]?AS-positiver Arteriolen und dem Auftreten nodul~rer 
Glomerulosklerose in den Nieren. Zur HShe des Blut- 
druckes liel3en sich derartige Beziehungen nicht nachwei- 
s e n .  

Key-words: I-Ieart, coronary arteries, diabetes mellitus, 
long-term diabetes, histological, histochemical. 

Numerous  clinical and au topsy  studies have d e m -  
ons t ra ted  t ha t  the incidence of coronary a r te ry  disease 
is higher in  diabetics t h a n  in  non-diabet ics  (CnAwso~ 
and  BELL, 1949; LUND]~iEK, 1953; LI~BOW etal . ,  1955; 
NIELSEn, 1967). 

Maeroscopica]]y the appearance of the ex t ramura l  
coronary ar te ry  lesions in  diabetics and  non-diabet ics  
is the same, and  early histological studies failed to re- 
veal a n y  significant differences (I~ooT, 1928). I t  was 
concluded, therefore, t ha t  the high incidence of core- 

* The present study waspar t  of aprize paper submitted 
to the University of Aarhus in 1965. 

n a r y  disease in  diabetes mell i tus was due to the fact 
t ha t  "diabetes  enhances the development  of arterios- 
clerosis". 

Since t hen  i t  has been shown t h a t  a characteristic 
and  widespread vascular  abno rma l i t y  develops in  dia- 
betic pa t ien ts  after m a n y  years of disease. This long- 
te rm diabetic ang iopa thy  has been s tudied in  m a n y  
organs, par t icular ly  the r e t inopa thy  and  the nephro- 
pa thy .  I t  is no t  clear, however, whether  the high in- 
cidence of coronary disease in  diabetes mell i tus should 
be regarded as the expression of another  mani fes ta t ion  
of diabetic ang iopa thy ;  in  other words, whether  a dia- 
betic cardiopathy exists. 
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That  this might be the case is suggested inter alia 
by the correlation between the incidence of clinical 
heart disease and ret inopathy and vascular abnorma- 
lities of the legs (LUNDB~EK, 1953), and also between 
the incidence of histological kidney disease (biopsy 
studies) and heart  disease in diabetic patients (T~oM- 
SE~r, 1965). Another probably significant point is that  
the sex-ratio of coronary disease is different in diabetics 
and non-diabetics. I t  is well-known that  coronary 
disease in non-diabetics is primarily a man's disease. 
The incidence of coronary disease in diabetics is about 
the same in men and women, as is the incidence of re- 
tinopathy, nephropathy and also of neuropathy. 

I~ARI~EFOI%S (1966) has recently shown that  ab- 
normal exercise electrocardiogram is common in dia- 
betic patients with a long duration of diabetes and with 
retinopathy. 

There are numerous histological studies of diabetic 
angiopathy in the eyes, the kidneys, the extremities, 
the gastrointestinal tract  etc., but  only few studies of 
the coronary arteries in diabetes mellitus have been 
published. 

The present study was performed to compare the 
histological and histoehemical picture of extramural 
and intramural coronary arteries in a group of old dia- 
betic patients with a group of old patients without 
clinical diabetes. 

Material 
The investigation included specimens from 20 dia- 

betics and 20 non-diabetics aged 50 to 70 years at the 
time of death. The age and sex of the patients appear 
in Table 1, which also gives the average body weight 
and heart  weight in the two groups. The average 

Methods 

Autopsy technique 
The hearts were fixed for 1 to 6 months in buffered 

4 per cent neutral formaldehyde at room temperature. 
Two extramural and one intramural piece of each 

of the three coronary arteries were removed for exa- 
ruination. The proximal extramural piece was the first 
centimetre of the artery. The distal one was taken 
midway between the origin of the artery and the apex 
cordis. The intramural piece was from the fit'st eenti- 
metre of the intramural part  of the artery. In addition, 
two macroscopically normal-looking pieces of myoear- 
dium, right and left, were removed for the study of 
smaller vessels (see Fig. 1). 

The Mdneys were examined histologically in ~11 
cases. 
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. . . .  :. . - . .  
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Fig. 1. Sketch of the pieces of coronary arteries and myo- 
eardium taken for examination 

Table 1 

Patients Men Women Average age 
(yr) 

M W 

Body tIearg 
weight weight 
kg g 

Average known 
duration of 
diabetes 

Diabetics 20 10 10 62.2 
Non - 
diabetics 20 10 10 62.5 

66.2 68.5 482.6 8 years 

66.3 57.4 384.5 

known duration of diabetes was 2 to 24 years, with an 
average of 8 years. 

None of the patients had had syphilis or rheumatic 
fever. The diabetic patients had been suffering from 
typical, mild maturity-onset diabetes. Non-diabetic 
patients had not had any symptoms of diabetes melli- 
tus and had not had glucosuria. Glucose tolerance tests 
were not performed. The non-diabetic patients, selected 
according to the definition, were found at autopsy not 
to have diffuse or nodular glomerulosclerosis. The 
average blood pressure was 160/90 in the group of 
diabetics, 153/88 in the non-diabetics. In 13 diabetics 
and 11 non-diabetics the blood pressure was above 
150/100. Diabetic nodular glomerulosclerosis was 
present in 8 of the 20 diabetic patients, 

Staining procedures 
Paraffin sections, 4 microns thick, were examined 

after staining with tIematoxylin-eosin, van Gieson- 
ttansen, Orcein (Mawr,cRy, 1944), PAS, 0.1 ~o Toluidine 
blue at p t I  4.8 (PEA~SE, 1960), 1% Astra blue at p i t  
4.i (B~mKA and ANDERSON, 1963) and Chloranilic acid 
(EIsE~sTEr~ et al., 1961). For the study of the extra- 
mural vessels, 0.i ~o Toluidine blue at p i t  4.8, was also 
used after t reatment with hyaluronidase, (Penetrase 
Leo, 50 i. u/ml at 30 ~ C for one hour in MeIlvains buffer 
without gelantine (BERTEnS~N, 1964)). Supplementary 
stainings for the small vessels included PAS after 
acetylation and after t reatment with diastase (P~AI~SE, 
1960), Phosphotungstic acid hematoxylin (PTAH) and 
WrLDE~'S reticulin stain (MALLORY, 1944). 
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Frozen sections (6 micron) of the larger arteries 
were stained with Fet t ro t  (P~,A~S~,, 1960). 

Estimates and measurements 
All estimates and measurements were made blindly 

in a coded system. 
The observations on extramural  vessels were clas- 

sified as follows. 
A. Wall structure. 0: Normal. 1: Less than  half of 

the depth of the intima was loosely structured with 
small pockets of homogeneous material. 2: Same as 1, 
but  changes were present throughout the tunica intima. 
Small hyalinized areas were observed as well as foam 
ceils at  the luminal side. 3: Broad bands of hyaline 
with foam cells; fibrosis of the tunica media. 4: Most 
of the intima was hyaHnized or necrotic. Cholesterol 
crystals or deposits of calcium in the periphery of the 
intima were often seen. 

B. Internal elastica membrane. 0: Normal. 1: The 
entire membrane was present but  splitting occurred 
in some places. 2 : Membrane present in more than half 
of the circumference. 3 : Membrane present in less than 
half of the circumference. 4: Membrane absent. 

C. PAS, Toluidine blue and Astra blue. The inten- 
sity of the colour was estimated as 0 to 3 plus. 

19. Calcium, Fat and Collagen. The extension of the 
deposits were estimated as 0 to 3 plus. 

The statistical estimation of results from the extra- 
mural  vessels was performed in two ways. 

1. From each of the two groups there were 60 pro- 
ximal extramural  pieces, 3 from each of 20 patients, 
and as many  distal ones (see Fig. 1). The percentage in- 
cidence of the various grades in these 60 plus 60 proxi- 
mal or distal pieces was calculated and compared. The 
significance of the difference between the incidence of 
each grade in the two groups was estimated by  the 
x2-test. 

2. The average grades of the proximal, and the res- 
pective distal pieces of the 3 vessels from each of the 
20 plus 20 patients were calculated. These averages 
were added together, giving a group average for dia- 
betics and one for non-diabetics, which were then com- 
pared using the t-test.  

The results from the intramural  vessels were com- 
pared by the x2-test. 

The observations on the intramural  vessels (intra- 
mural par t  of coronary ar tery and small myocardial  
arteries) were also classified in a semiquantitat ive 
system. The intensity of the PAS-staining was esti- 
mated  as 0 - -2  plus. Toluidine blue and Astra blue was 
estimated as 0--1  plus. The presence or absence of 
intimal, medial or adventitial fibrosis as well as medial 
hyper t rophy was also noted. 

The thickness of the vascular wall was measured 
in the smallest vessels (diameter 20--29 micron). Using 
a magnification of • 1080, one unit on the ocular 
micrometer equalled 1.3 micron. To avoid too oblique 
sections, measurements were only performed where the 
difference between the largest and the smallest dia- 

meter  of the vessel was less than one micrometer unit. 
From each pat ient  2 - -4  small myocardial  vessels ful- 
filling these requirements were obtained. The wall 
thickness in the individual case was expressed as the 
average of two measurements obtained at  both ends 
of the smallest diameter of these vessels. The diameter 
of the lumen at  the point of measurement was noted, 
and the ratio diameter of lumen/wall thickness, was 
calculated. 

Results 
Extramural vessels 
Wall structure: In  proximal pieces, no difference 

was seen between diabetics and non-diabetics; in 
distal pieces, Grade 4 occured more often in diabetics 
than in non-diabetics (P ~ 0.05). Calculated on the 
basis of the individual pat ient  the same difference was 
found (P K 0.05). The structure of the internal elastic 
membrane,  as observed in Orcein stains, was the same 
in vessels from diabetics and non-diabetics. 

Mucopolysaccharides (PAS-positive). In  proximal 
pieces, no difference was seen; in distal pieces, Grade 3 
was observed more often in diabetics than  in non-dia- 
betics (P < 0.05). Calculated on the basis of the indi- 
vidual pat ient  the same difference was found (P < 
o.o5). 

�9 d nd d nd grade 

~ CZ:o 

~ : i  
watt structure PA S ~ =2 

I-[11-1=3 
m l , 4  

distal pieces distal pieces 
d nd d nd d nd 

1oo ~ 1oo ~o 

fat catcium catcium 

_-._: 

- - -  

distal pieces distal pieces proximal pieces 

Fig. 2. The incidence of each grade of abnormali ty in 
various pieces from diabetics and non-diabetics. (d = dia- 

betics, n d =  non-diabetics) 

Acid mucopolysaccharides. -- Metachromasia (To- 
luidine blue, with and without hyaluronidase): No 
differences were observed. 

Astra blue : No significant differences were observed. 
Fat (Fettrot stain). In  proximal pieces, no difference 

was seen; in distal pieces, Grade 3 was more commonly 
seen in diabetics than in non-diabetics (P ~ 0.05). 
Calculated on the basis of the individual pat ient  the 
difference is close to the limit of significance (t 
1.956, t0.05 for P ~ 0.05 = 2.02). 

Calcium (Chloranilic acid). In  proximal pieces, 
Grade 3 was more commonly seen in diabetics than in 
non-diabetics (P ~ 0.05). Calculated on the basis of 
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the individual patient the difference is close to the 
limit of significance (t = 1.947, t0.05 for P < 0.05 = 
2.02). 
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No difference was noted in the amount of collagen 
( w ~  GI~so~-HA~s~)  between diabetics and non- 
diabetics. 

Fig. 2 and 3 show the distribu- 
tions in the cases where significant 
differences were observed. 
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Fig. 3. Number of patients showing various average grades of abnormality 

Intramural vessels 
Table 2 shows the results of the 

estimates from intramural vessels (in. 
tramura] pieces of coronary arteries 
and smaller arteries of the myocar- 
dium). The vessels have been divid- 
ed in 4 intervals of luminal width. 

The only striking result was a 
higher incidence of Garde 2 in the 
small vessels (20--70 and 70--]50 F) 
from diabetic patients (P < 0.05). 
The PAS-positive substance of the 
Grade 2 vessels was usually arranged 
in concentric rings, only a few in- 
stances of PAS-positive drops being 
observed. The substance did not react 
to staining for acid mucopolysac- 
charides, glycogen, collagen, fibrin 
(PTAH) or reticulin. 
ation in the small vessels showing 

There was no endothelial prolifer- 
accumulation of PAS-positive sub- 
stance. 

There was no correlation between 
the occurrence of PAS-positive sub- 
stance (Grade 2) in small arteries 
and the blood pressure. However, the 
occurrence of PAS-positive (Grade 2) 
small vessels of the myocardium was 
closely related to the occurrence of 
nodular glomerulosclerosis in the 
kidney sections. All the eight cases 
with nodular glomerulosclerosis fell 
in the group with PAS-positive small 
vessels (Grade 2) in the heart. 

Table 2. Number of diabetics (out of 20) and non-diabetics (out of 20) showing small vessel 
abnormality according to the definition (see the text). D = diabetics, N D  = non-diabetics 

Dimater of the vessels(~) 20-- 60 70-- 150 150 -- 500 500 

D ND D ND D ND D ND 
PAS-positive (grade 2) 15 7 12 5 3 0 14 14 
Toluidine blue (grade 1) 0 1 2 2 7 7 10 15 
Astra blue (grade 1) 1 1 1 1 10 7 14 17 
Intimal fibrosis 14 18 19 16 19 18 16 18 
Medial fibrosis 17 15 20 18 20 17 16 18 
lViedial hypertrophy 8 2 7 5 4 1 
Adventitial fibrosis 10 12 15 14 17 10 16 15 

In  distal pieces, Grade 3 and 2 were more commonly 
seen in diabetics than in non-diabetics (P < 0.05). 
Calculated on the basis of the individual patient the 
same difference was found (P < 0.05). 

Wall thickness. There was no statistically significant 
difference between diabetics and non-diabetics as re- 
gards the thickness of the vascular wall in the smallest 
vessels (20--29 micron). Diameter of lumen/wall thick- 
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ness was the same in diabetics and non-diabetics, viz. 
0.28 and 0.25. 

Discussion 
The two series selected for comparison were closely 

similar as to average age in the two sex groups. The 
diabetics were heavier, as was to be expected, and the 
heart weight was higher. The average blood-pressure 
was nearly identical in the two groups, 

The extramural vessels of diabetics and nondiabe- 
tics differed in structure and certain histochemical 
aspects. Abnormal structure with severe hyalinization 
was seen more often in diabetics than in non-diabetics. 
The diabetic arteries were more PAS-positive and 
contained more fat than the nondiabetic ones. These 
differences have been demonstrated only in the distal 
part of the extramural coronary vessels. The diabetic 
arteries were more calcified than the non-diabetic ones, 
proximally as well as distally. These results differ from 
those of I~oo~ (1928). 

In  a study of the arteriosclerotic aorta BEI~TELSEN 
(1964) has shown that  there is a positive correlation 
between the deposition of PAS-positive and metachro- 
matic material. In  our study, although metachromasia 
was present it was not more intense in the distal vessels 
of the diabetic patients which showed strong PAS-posi- 
tivity. 

The study of intramural vessels revealed differences 
only in the smallest arteries. These vessels showed con- 
centric rings of PAS-positive material much more often 
in the diabetics than in the nondiabetics. This finding 
is in accordance with that  of ]~LUMENTIIAL et ai., 
(1960) and a tendency in the same direction was ob- 
served by NIELSEX (1965). Our histochemieal studies 
have shown that  the PAS-positive material is not gly- 
cogen, collagen, fibrin or reticulin and there is stet no 
acid mucopolysaccharide. The presence of acid mnco- 
polysaccharide in small intramural vessels of diabetics 
was reported by C~cA~A and MAl~ilg (1960) from a 
small series of patients. Our findings were negative in 
this respect, as was that  of BLUN~NT~A~ et al. (1960). 

The deposits of PAS-positive material in the small- 
est intramural branches of the coronary arteries do not 
result in a measurable thickening of the vascular wall. 

B~u3~nNT~AL et al, (1960, 1961, 1962) and GOnD~N- 
BEta et al. (1959) emphasized endothelial proliferation 
of small blood vessels in various organs as the most 
conspieious diabetic characteristic (heart, eyes, kid- 
neys and extremities). PEDWgSEN and 0Ls]~N (1962) 
found endothelial proliferation in the small arteries in 
muscle and skin biopsies from the legs in 5 out of 16 
diabetics, but also observed this lesion in non-diabetics. 
Endothelial profilferation was not present in the renal 
vessels in the study of Tt~o~sEN (1965). In  the present 
study of coronary vessels such changes have not been 
observed. 

The overall result of the present study points to a 
difference between the histological picture of the coro- 

nary arteries in old diabetics and that  in nondiabetie 
patients. 

The changes commonly observed in the smallest 
intramural branches in the diabetic patients are quite 
similar to those observed in other organs in long-term 
diabetes. Although our series are small, the findings 
presented lend some support to the hypothesis of a 
diabetic cardiopathy. 
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