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HE existence of hyperkinetic cardiovascular states due to abnormal

arteriovenous communications has been well-documented, particularly
in congenital heart disease with shunts and in traumatic and congenital
arteriovenous fistulas of large vessels. Less information is available concern-
ing hyperkinetic cardiovascular states associated with rare forms of arterio-
venous communications, including those diseases characterized by in-
numerable small arteriovenous communications.

Abnormal arteriovenous communications are now more readily de-
tected and amenable to treatment because of new or improved diagnostic
and surgical technics. Moreover, with renewed interest in earlier and more
precise diagnosis than was formerly possible, new information is becom-
ing available concerning morphologic and physiologic changes.

This report concerns the clinical and hemodynamic findings in seven
patients with various types of arteriovenous communications associated
with evidence of hyperkinetic circulation, and highlights the importance
of arteriographic and hemodynamic studies in evaluation of the lesions.

Materials and methods

Seven patients with clinical and laboratory evidence of arteriovenous
communications were evaluated in the Cleveland Clinic Hospital. Hemo-
dynamic studies were performed after treatment had been discontinued for
one month. Catheters were inserted percutaneously through an antecubital
vein and brachial artery, and were advanced centrally to the level of the
superior vena cava or subclavian vein and axillary artery, respectively.
Cardiac output was determined with indocyanine green dye and a Gilford
densitometer as described previously.l 2 Heart rate was measured from a
continuously recording electrocardiograph, arterial pressure by a Statham
* Associate Professor of Medicine, The University of Oklahoma Medical Center, Oklahoma

City, Oklahoma.
+ Former Special Fellow, Depariment of Peripheral Vascular Disease, Cleveland Clinic.
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P23Db transducer, and left ventricular ejection time from a rapid record-
ing (100 mm per sec) of the arterial pressure tracing. The other derived
indices were calculated from conventional formulas. In the case of the
more common lesion (a femoral arteriovenous fistula—Case 1), renal blood
flow was measured using the indocyanine green dye-dilution method.3

Report of cases

Case 1. Traumatic arteriovenous fistula. A 37-year-old woman was referred to the
Cleveland Clinic on January 23, 1967, because of a pulsating mass in the left groin. Five
years previously a bullet had pierced the left thigh and lodged in the groin from where it
was removed; however, the pulsation persisted. Physical examination confirmed the
pulsatile mass in the left femoral triangle, and a continuous bruit and a thrill were ob-
served over the mass. Compression of the femoral artery above the mass was associated
with a slowing of heart rate (Nicoladoni-Branham’s sign) (Table I)*° Other arterial
pulsations in the extremity were normal. The heart was moderately enlarged. Transverse
cardiac diameter on the posteroanterior chest roentgenograms obtained before and during
compression of the left femoral artery (proximal to the mass) demonstrated a decrease of 1
cm during compression (Fig. I). Arteriograms revealed an enlarged left common femoral
artery and a communication between the deep femoral artery and a vein (Fig. 2). Selective
renal arteriograms demonstrated normal, single, renal arteries. 'The renal arteries and veins
were catheterized bilaterally, separate renal blood flows were measured, and systemic
hemodynamic studies revealed a hyperkinetic state (Table I). Increased heart rate, cardiac
output, and left ventricular ejection rate were corrected when the femoral artery proximal
to the fistula was compressed (Table I). On this second and rather extensive study, the
reflexive bradycardia (Branham’s Sign) was not demonstrated (presumably because the

Table 1.—Case 1. Hemodynamic data

Traumatic arteriovenous fistula

Measurement Open Closed

Immediate response

Arterial pressure (mm Hg) 100/74 132/94
Heart rate (beats per min) 96 54
Delayed response
Arterial pressure (mm Hg) 132/76 148/104
Mean arterial pressure (mm Hg) 95 119
Heart rate (beats per min) 88 88
Ejection time (msec) 318 224
Cardiac output (ml per min) 11,390 5,865
Cardiac index {(ml per min per M?) 6,584 —
Stroke volume (ml per beat) 129 67
Total peripheral resistance (mm Hg per ml per .008 .020
min)
Mean rate left ventricular ejection (index) (ml per 235 142
sec per M?)
Renal blood flow
Right (ml per min) 608 775
Left (ml per min) 496 847
Total (ml per min) 1,104 1,622
Total renal blood flow/cardiac output {(percent) 9 28
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Fig. 1. Case 1. Posteroanterior chest roentgenograms, timed in diastole. A, upper, Before; B,
lower, During compression of the left femoral artery proximal to the mass.
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Fig. 2. Case 1. Femoral arteriogram revealing an enlarged left common femoral artery
and a communication between the deep femoral artery and vein.

premedication given the patient was pentobarbital and meperidine); nevertheless, cardiac
output was reduced by femoral arterial compression. Total renal blood flow, however,
increased 48 percent after obliteration of the fiztu'a. Before fcamoral arterial compression,
renal blood flow accounted for only 9 percent of cardiac output; but with closure of the
fistula, the renal fraction of cardiac output increased to a normal proportion (approxi-
mately 28 percent).

Surgical correction was advised. At operation the left common femoral and deep
femoral arteries were found to be greatly enlarged; and the superficial femoral artery
was small. A large fistula between the deep femoral artery and vein arising about 2 cm
from the origin of the deep femoral artery could not be dissected out completely, because
of communication between many large arterial and venous tributaries. The fistula and all
visible arterial and venous tributaries were oversewn. One month postoperatively, hemo-
dynamic studies demonstrated that the cardiac cutput had decreased to 7.2 liters per min
(preoperatively, 11.4 liters per min); nevertheless, it still remained elevated. Arteriography
was repeated and confirmed incomplete repair of the fistula, although the size and number
of communicating vessels were less than before operation.

Case 2. Superior mesenteric—portal vein fistula. A 53-ycar-old woman was referred on
February 27, 1969, because of an arteriovenous fistula between the superior mesenteric
artery and the portal vein. One year previously she had incurred an abdominal gunshot
wound. Three months later, a loud epigastric, systolic bruit and thrill were observed when
the patient was examined preoperatively for a small intestinal obstruction. The arterio-
venous fistula was found at the time of this second operation. At the present admission a
selective superior mesenteric arteriogram demonstrated the fistula between a large branch
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of the mesenteric artery (probably the middle colic artery) 7.0 cm from its origin and
the portal vein (Fig. 3); sclective celiac arteriography was normal. The hemodynamic study
revealed an increased cardiac index (8.8 liters per min per M?) (Table 2). An operation
was advised, and the abnormality was corrected surgically.

Case 3. Congenital and swrgical femoral arieriovenous fistulas. A 5-year-old boy was
referred in July 1963, because of a limp and increased right leg length which also had
dusky coloration of four months’ duration. On examination, the right leg was longer, larger,
and warmer than the left. There were prominent supcrficial veins to the level of the groin,
ankle edema and, with dependency, the skin became cyanotic. Cardiac examination revealed
an increased precordial thrust; the apex beat was 1 cm outside the left midclavicular line;
and an apical systolic ejection murmur was audible. Arteriograms demonstrated an
appavent arteriovenous malformation with increased vascularity at the level of the right
knee, probably in the terminal branches of genicular arteries. Oxygen saturation of blood
from the right femoral vein was 96 percent compared to 82 percent in the left femoral
vein. Repair of the fistula was attempted by ligation and division of the descending branch
of the lateral femoral circumflex, genicular, and anterior tibial arteries. During a four-ycar
follow-up study, the discrepancy in leg lengths increased and the superficial veins became
more prominent. However, a bruit could not be heard. He was readmitted to the hospital
in June 1967 to have a 5-mm arteriovenous fistula made between the left superficial
femoral artery and vein at the level of the mid-thigh in an attempt to lengthen the left leg.
Preoperatively, hemodynamic studies demonstrated increascd cardiac index (3.8 liters per
min per M?) consistent with the presence of a congenital arteriovenous fistula (Table 3,
June 1967 A). Postoperatively, hemodynamic studies revealed a further increase in the
cardiac index to 4.7 liters per min per M* (Table 3, June 1967 B).

The studies repeated six and 18 months postoperatively demonstrated persistence of
the increased cardiac index (Table 3, 1968 B). With compression of the left femoral artery
proximal to the fistula, cardiac output was reduced to the level of that before the fistula
was made (Table 3, 1968 A). Moreover, simultaneous compression of both femoral arteries
above the fistulas caused the cardiac output to be reduced to normal (Table 3, Dec. 1969 B).

Case 4. Vascular hamartoma. A 48-year-old man was first examined on May 22, 1966,
because of a left buttock mass of 22 years’ duration. For 18 years it had remained un-
changed, but then became large and painful. One year before admission, venous bleeding
from the dorsum of the left foot necessitated ligation and stripping of veins at another
hospital. Thereafter, he noted tightness and heaviness of that leg, and skin ulcerations
above the ankle.

Examination revealed a huge mass in the left buttock, varicose veins, and hyperpigmenta-
tion of the lower part of the leg. The heart was enlarged; and there was a left ventricular
lift and fourth heart sound. Roentgenograms of the chest confirmed cardiomegaly, and
retrograde femoral arteriography revealed the left external and internal iliac and deep
femoral arteries with numerous tumor vessels supplied mainly by distal branches of the
internal iliac and deep femoral arterics (Fig. #). Lale exposures showed a large arterio-
venous malformation in the center of the tumor. A major part of the tumor was avascular.

Hemodynamic studies (Table 2) revealed an increased cardiac index (7.5 liters per min
per M?), stroke volume (166 ml), and left ventricular ejection rate index (283 ml per sec
per M?); total peripheral resistance was decreased (.007 mm Hg per ml per min).

At operation a 30 by 20 cm mass was excised, and microscopic studies revealed a vascular
hamartoma. The tumor could not be removed completely becaute of extensive and multiple
vascular communications. Postoperatively, the patient was much improved clinically, and
when hemodynamic studies were repeated the cardiac output, although still high, had
decreased from 13.61 to 9.11 liters per min.

Case 5. Metastatic hypernephroma. A 60-year-old man was first examined on April
13, 1968, because of a left buttock mass. Examination revealed a pulsating tumor with
a continuous bruit over the left buttock and inguinal regions. The heart was slightly
enlarged and a systolic ejection murmur was audible at the apex and along the left sternal
border. The arterial pressure was 200/60 mm Hg and the heart rate was 100 beats per min.
Left iliac arteriograms demonstrated a large vascular pelvic mass and destruction of the left
inferior ramus of the pubic and ischial bones extending into the acetabulum (Fig. 5). The
tumor was supplied by the left external pudendal and medial femoral circumflex arteries.
The veins were dilated. Selective renal arteriograms revealed a well-vascularized left renal
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Fig. 3. Case 2. Selective superior mesenteric arteriogram demonstrating the fistula between
a large branch of the superior mesenteric artery (probably the middle colic artery) and
the portal vein. A, upper, Posteroanterior projection. B, lower, Lateral projection.
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Fig. 4. Case 4. Retrograde femoral arteriogram demonstrating the left external and
internal iliac and deep femoral arteries with numerous tumor vessels supplicd mainly by
distal branches of the internal iliac and deep femoral arteries. The patient had a vascular
hamartoma.

tumor. The cardiac index (5.9 liters per min per M?), stroke volume (122 ml) and left
ventricular ejection rate index (245 ml per sec per M?) were increased, and total peripheral
resistance was decreased (.005 mm Hg per ml per min) (Table 2). Surgical exploration
revealed a hypernephroma with metastases to the left gluteal region and the ischial and
pubic bones. The histopathologic diagnosis was vascular clear-cell carcinoma, most likcly
of renal origin.

Case 6. Polyostotic fibrous dysplasia. A 15-year-old boy was first seen on August 10,
1968, because of a limp of 2 years’ duration and a history of multiple fractures. Polyostotic
fibrous dysplasia had been diagnosed in 1966. Examination revealed a brown, irregular,
macular pigmentation of the skin and bony deformities typical of Albright’s syndrome.
There was no history or evidence of prematurity. Roentgenograms of the bones revealed
deformities, demineralization, radiolucencies, distortion of the trabecular pattern, and
evidence of old fractures. These changes were consistent with polyostotic fibrous dysplasia
affecting the pelvis, femurs, tibias, fibulas, ribs, and skull; and right tibial biopsy con-
firmed the diagnosis. Serum calcium and inorganic phosphorus concentrations were 11.8
mg and 4.3 mg per 100 ml, respectively; serum alkaline phosphatase, 81.6 King-Armstrong
units. Hemodynamic studies revealed increased heart rate (152 beats per min), cardiac
output (15.3 liters per min), and left ventricular ejection rate index (221 ml per sec per
M?); and a reduced total peripheral resistance (.007 mm Hg per ml per min) (Table 2).

Case 7. Paget’s disease. A 54-year-old man was referred on May 18, 1968, because of
Paget’s disease of several years” duration. Roentgenograms showed involvement of the bony
structures of the thorax, spine, pelvis, both shoulder girdles, and hips. The serum alkaline
phosphatase was 213 King-Armstrong units. Hemodynamic studies demonstrated increased
cardiac index (4.06 liters per min per M?), stroke volume (111 ml per beat), left ventricular
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Fig. 5. Case 5. Left iliac arteriogram of a metastatic hypernephroma, demonstrating a
large vascular pelvic mass, destruction of the left inferior ramus of the pubic and ischial
bones extending into the acetabulum.

cjection rate index (193 per ml per sec per M?); and decrcased total peripheral resistance
(:011 mm Hg per ml per min) (T'able 2).

Discussion

An abnormal arteriovenous communication is a pathologic connection
between an artery and a vein without an intervening capillary bed; thus,
the patient is literally bleeding into his veins because blood is shunted
away from the tissues. To compensate for the resulting anoxia, peripheral
vasodilatation, and otherwise unopposed hypotension, the heart increases
its output both by an enhanced stroke output and an increased heart
rate.’ The hemodynamic changes of experimentally-induced arteriovenous
fistulas and traumatic fistulas in patients have been studied extensively and
are characterized by increased local blood flow, reduced total peripheral
resistance, increased right atrial return, and augmented cardiac output.m1°
Thus, immediately after the arteriovenous fistula is made, heart rate, central
venous pressure, and cardiac output increase and systolic blood pressure de-
creases; venous oxvgen saturation of the shunted blood also increases. In time,
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diastolic pressure decreases as systolic pressure increases toward normal,
thereby producing a wider pulse pressure. Intravascular volume increases
coincident with the increase in venous return and cardiac output; the cardiac
silhouette enlarges.®-12 The increase in cardiac output approximates the
amount of blood shunted through the fistula.6 8 13

With closure of a fistula, there is immediate slowing of the heart rate,% 5
a fall in central venous pressure, and reduction of cardiac output.!* The
mechanisms for this phenomenon are not understood entirely, although
the reflexive cardiac slowing can be prevented by pretreatment with atro-
pine.15

Renal function studies have revealed no changes in glomerular filtra-
tion rate, renal blood flow, or renal venous pressure whether a fistula
was opened or closed.'® However, even though the arteriovenous fistula
demonstrated in the first patient in this present study is a fairly common
clinical problem, it is reported because the renal hemodynamic measure-
ments provided different information from that reported by Epstein and
associates.’® Thus, even though renal blood flow was normal in this pa-
tient, the renal fraction of cardiac output (9 percent) was greatly reduced.
Moreover, when renal flow was measured immediately following occlusion
of the fistula by femoral arterial compression, it was increased from 1104
to 1622 ml per min; since cardiac output concomittently fell, the renal
fraction of cardiac output increased to a normal ratio (28 percent) (Table
I). Perhaps one explanation for this apparent discrepancy in findings may be
differences in technics for measuring renal blood flow. Using indicator-
dilution technics, as was done in the first patient, more rapid flow changes
can be detected than with clearance technics which require prolonged
collection periods.

Arteriovenous fistula may cause high-output cardiac failure especially in
elderly persons with already diminished myocardial reserve.!0 14 17 18 Cay-
diac failure also may occur with a normal or even a reduced cardiac out-
put when there is preexisting myocardial functional impairment.'4 17 Under
certain circumstances hemodynamic studies can be the determining factor
in the choice of therapy. For example, surgical correction of an arterio-
venous fistula would be indicated in an aged person with high output
cardiac fajlure. However, surgery may not be indicated if cardiac failure
is absent or easily corrected with conventional medical therapy, if cardiac
output is only slightly elevated, or if the patient’s clinical condition is poor.

Despite clinical signs of arteriovenous fistula, the diagnosis may be over-
looked, as in the first patient, who had undergone cardiac catheterization
four years previously because of suspected congenital heart disease. Hemo-
dynamic studies were consistent with arteriovenous fistula, and she dem-
ionstrated the typical physiological responses to closure of the fistula. Post-
operatively, hemodynamic studies indicated incomplete repair (cardiac
output 7.2 liters per min), which was later confirmed by arteriography.
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Superior mesenteric artery to portal vein fistula is an unusual location
for traumatic fistula.’® 20 There has been one report?! suggesting that a
fistula in this location is not associated with increased cardiac output;
however, in our patient cardiac output was increased.

Congenital arteriovenous fistulas generally show physiological alterations
similar to those produced by trauma. However, the changes develop grad-
ually and are associated with a rather lengthy period of adaptation. More-
over, in congenital fistulas the arteriovenous communications are usually
multiple in contrast with those in the acquired type which are less exten-
sive. Furthermore, the congenital type can also cause heart failure, es-
pecially in children.2>-?¢ In Case 3, the patient with congenital and surgi-
cally-induced arteriovenous fistulas provided an unusual opportunity to
study natural and induced arteriovenous fistulas. The surgically-created
fistula in the normal leg further increased the cardiac output over the al-
ready elevated output resulting from the congenital fistula. Follow-up
studies of this patient with both fistulas, opened and closed, provided an ex-
cellent demonstration of the pathologically-induced hemodynamic changes.

Hamartoma (Case 4) is an example of an acquired arteriovenous fistula
in a congenital vascular anomaly. More frequent evaluation of the systemic
hemodynamic changes in such patients would provide valuable information
on the size of the shunt and its physiological effects. Thus, an increase in
cardiac output may be a most important factor in making a decision in re-
gard to surgery, and a decrease postoperatively an indicator of the success
of the operation.

Arteriovenous fistulas have been observed in a variety of malignant tumors
not of vascular origin,?’-27 although hypernephroma is the one most often
associated with a hyperkinetic circulation.?®-32 In Case b, the patient with
metastatic hypernephroma presents an example of such a vascular tumor
associated with an elevated cardiac output. Since many primary and meta-
static neoplasms are highly vascular, arteriography has been most helpful
in determining the extent and size of such tumors, and the increased and
abnormal vascularization is often diagnostic for malignancy.

A hyperkinetic circulatory state has been found in patients with polyos-
totic fibrous dysplasia33-36 and Paget’s disease.36-41 Histopathologic studies
in both diseases show innumerable small vessels within the lesions, and the
hyperkinetic syndrome results, therefore, from numerous arteriovenous
shunts by these small vessels. By analogy, it would seem worthwhile to per-
form hemodynamic studies in patients who have other diseases associated
with similar vascular changes, for example hemangiomas, and familial hemor-
rhagic telangiectases (Osler’s disease).

Conclusion

The physiological significance of abnormal arteriovenous communica-
tions and the need for medical therapy or corrective surgery are based
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upon arteriographic and hemodynamic findings. Moreover, postoperative
studies may reveal information concerning the success or failure of attempts
to correct surgically the hyperkinetic state. Finally, periodic studies may be
of great value in those diseases known to be associated with numerous
arteriovenous shunts through only or predominantly small vessels; under
such circumstances, early evidence of developing hyperkinetic circulation
may be detected and potential cardiac decompensation may be anticipated.

Summary

Seven patients with hyperkinetic cardiovascular states resulting from ab-
normal and unusual arteriovenous communications are reported herein.
The abnormalities demonstrated by angiography or by biopsy include:
a posttraumatic deep femoral arteriovenous fistula, superior mesenteric
artery-portal vein fistula, congenital femoral arteriovenous fistula with con-
tralateral surgically-induced arteriovenous fistula, vascular hamartoma,
metastatic hypernephroma, Paget’s disease, and fibrous dysplasia of bone.
Preoperative hemodynamic studies provided useful information concerning
the significance of the abnormalities, and thereby provided a means for de-
termining the physiological need for corrective surgery. Postoperative studies
revealed information concerning the preoperative hyperkinetic state.
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