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PURPOSE: To assess the hemodynamics and pathophysiology of stagnating arteries after removal 

of arteriovenous malformations (AV Ms). SUBJECTS: 50 patients with supratentorial pial A V Ms 

underwent pre- and postoperative angiographic studies. RESULTS: The following characteristics 

were found to correlate with stagnating arteries: 1) advanced patient age, 2) large A V M size, 3) 

markedly dilated feeders , 4) early postoperative angiograms, and 5) delayed restoration of feeding 

artery diameter. CONCLUSIONS: The rate of blood flow in the former feeding arteries, expressed 

as v X 1r X r2 (v = mean velocity, r = vessel radius), suddenly decreases after removal of A V Ms. 

When dilatation persists postoperatively in these arteries the flow velocity decreases and stagnation 

takes place. Delayed postoperative restoration of feeding artery diameter may be caused by a 

decrease of elasticity due to long-standing hemodynamic stresses, and by increased postoperative 

vascular resistance of these arteries. 
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Arteries that previously fed excised arteriove
nous malformations (A V Ms) often show slow 
blood flow, and remain visible even in the late 
arterial and venous phases on postoperative an
giograms. These abnormal vessels have been 
termed "stagnating arteries" (1-4), and have been 
characterized hemodynamically by sluggish ar
terial flow and high intraarterial pressure (2, 3). 
Our purpose in this study was to analyze stag
nating arteries and report our pathophysiologic/ 
hemodynamic findings. 

Clinical Materials and Methods 

Fifty patients with supratentorial pial A V Ms underwent 
pre- and postoperative angiography. The subjects ranged 
in age from 14 to 71 years (average age, 36 years). Using 
the classification of Waltimo (5), in which an A V M is defined 
as "large" if its maximum diameter is 3 em or more and 
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"small" if less than 3 em, we found 38 patients to have 
large A V Ms, and 12 small. 

A total of 69 postoperative angiographic studies were 
undertaken in the 50 patients. The times when the post
operative angiograms were obtained are shown in T able 1: 
two postoperative angiograms were obtained in 16 patients, 
while three postoperative studies were obtained in one. 

The criteria for a stagnating artery were the persistent 
presence of the feeding artery to an excised A V M in the 
late arterial and venous phases of the postoperative angio
gram, and the persistence of angiographic visualization 
lasting for 10 seconds or more (Fig. 1) (2) . 

The ratio of the maximum diameter of the most dilated 
feeding artery (FA) to the maximum diameter of the internal 
carotid artery (ICA) in the cavernous portion (FA/ICA ratio) 
was obtained to express quantitatively the the degree of 
preoperative dilatation of the feeding arteries. The F A / ICA 

TABLE I: Times of postoperative angiograms 

Time of 

Postoperative 

Ang iograms 

(Postoperative 

Date) 

Operative day 

2-7 days 

8-30 days 

30 days or more after 

Tota l 

Postoperative 

Ang iograms 

(No. of Cases) 

Initia l Repeat 

24 0 
5 0 

18 7 

3 12 

50 19 
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c 
Fig . 1. A, Preoperative lateral left carotid angiogram, early 

arterial phase, demonstrating large A V M located in the fron
toparietal lobe of a 40-year-old man suffering from epilepsy. 
The A V M is supplied by dilated branches from the middle 
cerebral artery, and drains through cortica l veins. 

8 and C, Postoperative latera l left carotid angiogram ob
tained on the day of surgery , late arterial (B) and early venous 
phases (C) showing complete removal of the A V M. The per
sistently dilated former feeders demonstrate sluggish arterial 
flow. 

D and £ , Postoperative left carot id angiogram obtained 28 
days after the operation , lateral v iew , early arterial phase (D) 
and early venous phase (E). The former feeding arteries 
demonstrate reduction of their cal iber (D) , and no stagnating 
arteria l flow (£) . 
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ratio could be calculated from 44 out of 50 preoperative 
angiograms. Then , in order to estimate quantitatively the 
postoperative recovery of the caliber of a dilated feeding 
artery , we obtained the diminution ratio of the feeding 
artery by the following expression: 

Diminution ratio of feeder = (A - B) -=- A X 100 (%) 

where A is the preoperative maximum diameter of the 
most dilated feeder , and B is the postoperative m aximum 
diameter of the same feeder. The diminution ratios were 
calculated from 54 of 69 postoperative angiograms. 

A statistical analysis was performed using the x2 test 
with the Yates corrections for expected values less than 
10, as well as the Fisher exact probability test and the 
Student t test. 

Results 

Stagnating Arteries and Patient's Age 

The mean age of the 30 patients with stagnat
ing arteries was 38.3 ± 15.5 years (± 1 SD); 
whereas that of the 20 patients without such 
findings was 28.0 ± 15.1 years. The difference 
was statistically significant (P < .05), indicating 
that stagnating arteries are more likely to occur 
in older patients. 

Stagnating Arteries and Timing of Postoperative 
Angiograms 

Stagnating arteries were documented in 35 
postoperative angiograms obtained from 30 pa
tients. Twenty-three out of 29 angiograms ob
tained within 7 days after surgery revealed stag
nating arteries, whereas only one out of 15 angie
grams obtained 1 month or more after surgery 
showed stagnating arteries. Thus, it was found 
that the occurrence of stagnating arteries was 
significantly correlated with the time of the post
operative angiogram (Table 2). Table 2 also 
shows that stagnating arteries return to normal 
within 1 month after surgery in almost all cases. 

TABLE 2: Relationship between time of postoperative angiograms, 

AVM size, and incidence of stagnating arteries 

Time of Incidence of Stagnating A rteries 

Postoperative 

Angiograms 

(Postoperative Small AVM Large AVM Total (%) 

Days) 

1-7 days 3/9. 20/ 20. 23/29 (79%)b ' 

8-30 days 2/5 9/20 11 / 25 (44 %)b d 

30 days or more after 0/ 1 1/ 14 1/ 15 (7%)"d 

Note.- Stat istica lly significant differences: •·' P < .001 ; b P < .02; d P 
< .05; small AVM: an AVM less than 3 em in diameter; large AVM : an 

AVM 3 em or more in diameter. 
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Stagnating Arteries and A VM Sizes 

As Table 2 shows, the sizes of the A V Ms were 
associated with the incidence of stagnating arter
ies. In angiograms obtained 1 to 7 days after the 
operation , the incidence of stagnating arteries in 
large A V Ms was significantly higher than that in 
small malformations (P < .001) (Table 2). 

Stagnating Arteries and Preoperative Degree of 
Dilatation of Feeders 

The preoperative F A/ICA ratio was 53.5 ± 
17.0% (mean ± 1 SD, n = 29) in patients with 
stagnating arteries, as opposed to 43.1 ± 14.8% 
(n = 15) in those without stagnant arterial flow , 
the difference being statistically significant (P < 
.05). This result suggests that a markedly dilated 
feeder is an important causative factor of a post
operative stagnating artery. 

Stagnating Arteries and Diminution Ratio of 
Diameter of Feeders 

The diminution ratio CJf the diameter of feeding 
arteries was 16.5 ± 13.0% (mean ± 1 SD, n = 
30) in stagnant feeding arteries, and 57 .5 ± 
13.5% (n = 24) in nonstagnant feeding arteries. 
The difference is statistically highly significant (P 
< .0001), indicating that stagnating arteries cor
responded to former feeding arteries with persist
ent dilation (Fig. 1 ). 

Discussion 

It has been suggested that early postoperative 
angiograms of large A V Ms frequently reveal stag
nant arterial flow in the feeding arteries that fed 
the excised malformations (1-4). According to 
intra- and postoperative hemodynamic studies by 
Hassler and Steinmetz (2, 3) , stagnating arteries 
are characterized by high intra-arterial pressure 
and sluggish arterial flow. Clinically , these hemo
dynamic characteristics are thought to be asso
ciated with postoperative complications such as 
intracerebral hemorrhage and retrograde throm
bosis (1 , 3 , 6) , but we know of no discussion in 
relation to the pathophysiology of stagnating ar
teries. 

Our findings on the relationship between stag
nating arteries and feeder diameter diminution 
ratios suggest that normalization of sluggish ar
terial flow corresponds to postoperative recovery 
of size by dilated former feeding arteries. Except 
in very large vessels such as the aorta , arterial 
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blood flow shows the familiar parabolic velocity 
profile of laminar flow (2). In this flow pattern, 
the blood flow rate is expressed by the following 
formula: 

Q=v1rr2 

where Q is the blood flow rate, v is the mean 
flow velocity, and r is the vessel radius. 

"Q" decreases rapidly after the removal of an 
A V M . In such a condition, as long as dilatation of 
the feeding arteries persists, "r" does not decrease. 
Therefore, a low value for "v" is obtained with 
this formula . This low velocity in former feeding 
arteries probably corresponds pathophysiologi
cally to postoperative arterial stagnation. 

Stehbens carried out a histologic study of 
chronic vascular changes in experimental arteri
ovenous fistulae (7). He found that histologic 
changes in the arteries proximal to the fistulae 
were similar to those of nonlipid-containing arte
riosclerosis, and appeared to have been the direct 
result of induced hemodynamic stresses. In our 
study, the A V M feeders proximal to the nidus 
appear to have been affected by hemodynamic 
stresses, so arteriosclerotic changes similar to 
those described by Stehbens would be expected. 

Although there is no agreement in the literature 
as to the effect of arteriosclerosis on the proper
ties of the arterial wall, Farrar et al (8) found an 
increase in the hardening of the aorta of crab
eating macaque monkeys due to arteriosclerosis, 
and Pynadath and Mukherjee (9) observed a de
crease in elasticity in the aorta of the rabbit, 
resulting from atherosclerosis. These results in
dicate that a decrease of elasticity may be ob
served in A V M feeders suffering arterioscleric 
changes. 

These data suggest that postoperative devel
opment and persistence of stagnating arteries 
may be caused by delayed recovery of dilatation 
in feeders due to a decrease of elasticity. The 
present study shows that stagnating arteries are 
significantly correlated with advancing patient 
age, markedly dilated feeding arteries, and large 
A V M size. These results also suggest that patho
logic changes in the A V M feeders due to long
standing hemodynamic stresses form a basis for 
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the development and persistence of stagnating 
arteries. 

In a study by Hassler, postoperative transcranial 
Doppler examinations revealed that the resistance 
index (peripheral vascular resistance) of former 
A V M feeders was noticeably higher than in nor
mal vessels, and that an increase of the index 
lasted a few weeks after surgery (2). Increased 
peripheral vascular resistance must be considered 
as another possible explanation of the delayed 
recovery of dilatated feeding arteries. 

Doppler sonographic examinations demon
strated that low flow velocity in feeding arteries 
persisted until the ninth postoperative day (2). 
This result correlates well with the large number 
of stagnating arteries seen in the postoperative 
angiograms obtained within 7 days after surgery 
(Table 2). Although it is still unknown how long
stagnating arteries persist in the postoperative 
angiograms (1 0), the present study indicates that 
such sluggish arterial flow returns to normal 
within 1 month after surgery in almost all cases 
(Table 2). 
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