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The hemodynamics of coarctation of the aorta
have been extensively investigated. These stud-
ies have shown that the renal blood flow is within
normal limits (1), as in flow to the extremities (2-
4), even though the circulation time to the lower
parts of the body has a tendency to be prolonged
(5). Although coronary blood flow has been re-
ported to be increased (6), the data are quite
scattered, and if the two youngest subjects (12
and 15 years old) were excluded, the results would
be within normal limits. Left ventricular oxy-
gen consumption was increased in all subjects in
the series regardless of age or rate of coronary
flow (6). Cardiac output is reported as increased
(7) or normal (6) by both the Fick principle and
the acetylene method (5). No sizable series has
been reported in which cerebral blood flow has
been measured, although in two subjects it was
reported to be increased (8). Since the cerebral
circulation is in the portion of the body where the
mean arterial blood pressure is elevated, it ap-
peared worthwhile to study a larger group of sub-
jects to see whether the cerebral vascular resist-
ance adapted itself to this increase in pressure
or whether the reported increase in cerebral blood
flow (8) was consistent in a larger group. Fur-
thermore, information concerning the relation of
the rate of blood perfusion to oxygen consumption
is needed for the brain, since it is reported that
under certain conditions when coronary blood
flow is increased through mechanical means in the
isolated or partially isolated preparation, the myo-
cardial oxygen consumption is also increased (9-
13). Hence under certain conditions that are ap-
parently unrelated to hypoxia, coronary blood flow
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may control myocardial oxygen consumption (9-
11).

Methods

Cerebral blood flow was determined by the nitrous
oxide saturation method (14) in 20 subjects with coarc-
tation of the aorta. The possibility was considered that
there might be a significant delay in the passage of blood
through the collateral channels about the coarcted seg-
ment of the aorta to the femoral artery (5), and, as a
result, the femoral arterial nitrous oxide curve might
be shifted to the right. If this were true, the femoral
arterial versus internal jugular nitrous oxide curves as
compared to the brachial arterial versus internal jugular
curves would reveal factitial narrowing of the arterio-
venous nitrous oxide difference and result in a calculated
increase in the cerebral blood flow, as estimated from the
femoral artery site. Therefore 11 subjects with coarc-
tation of the aorta were studied by simultaneous meas-
urement of the cerebral blood flow with both the fe-
moral and brachial arterial blood samples. The technique
was a very simple modification of the usual method for
determining cerebral blood flow in that needles were
placed in both the femoral and the brachial arteries as
well as in the internal jugular bulb. Specimens were
then drawn simultaneously from all three sites. Ni-
trous oxide analyses were performed, and two sets of
curves were drawn. The cerebral blood flow was calcu-
lated in the usual manner by utilizing both the femoral
arterial-internal jugular venous nitrous oxide difference
as well as the brachial arterial-internal jugular nitrous
oxide difference. In two subjects similar simultaneous
brachial, femoral, and internal jugular sampling was
performed postoperatively.

In 16 subj ects cerebral blood flow and cerebral oxygen
and carbon dioxide metabolism were determined before
and after surgical correction of the coarctation of the
aorta. Postoperative studies were done in all cases after
the patient had recovered sufficiently from the surgical
procedure to be comfortable during the measurement of
cerebral blood flow. The time interval between studies
varied between 15 days and 9.25 years, and for the over-
all series averaged 21 months.

The data were analyzed by the t test, comparing first
the simultaneous determination of cerebral flow as meas-
sured utilizing the femoral arterial versus the internal
jugular nitrous oxide curves with that as determined by
utilizing the brachial arterial versus internal jugular ni-
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trous oxide curve. The preoperative and postoperative
data for each subject were also compared, each subject
serving as his own control. Finally, the entire group

of 20 subjects was compared with a series of subjects
with arterial hypertension (15) and a group of normal
subjects studied previously in this laboratory (16) and
with the group of normals reported by Kety and Schmidt
(14).

Results

In all 17 subjects in whom the femoral arterial
mean pressure could be compared with brachial
arterial mean pressure a significant difference
was demonstrated from above to below the coarc-

tation. These data are presented, as has been
done in the past (17-19), to give information as

to the severity of the coarctation.
Further results are presented in the tables. Ta-

ble I reveals a comparison of cerebral blood flow
as measured from the nitrous oxide curves ob-
tained by sampling simultaneously from the bra-
chial artery, femoral artery, and internal jugular
bulb. Since there was no significant difference
between the values obtained, we concluded that
for the rest of the study these data could be used
interchangeably. The data for the entire group

of 20 were pooled in Table II without particular
reference as to whether the cerebral blood flow
had been determined by utilizing the brachial or

femoral site for arterial specimens. Thus the fig-
ures included are the average of the brachial and
femoral if both studies were done simultaneously
(13 studies), the brachial if that alone was done
( 14 studies), or the femoral if that alone was done
(9 studies). Sixteen subjects had determination
of cerebral blood flow before and after surgical
correction of coarctation of the aorta. As indi-
cated in Table II no significant difference was

demonstrated between preoperative and postopera-
tive cerebral blood flow, vascular resistance, or

oxygen utilization.
The present results in subjects with coarctation

were compared with the results in a series of
normal subjects previously reported (16) by
utilizing the t test for unpaired groups of data.
The cerebral oxygen consumption was 20% greater
in those with coarctation (p < 0.02). The mean

brachial arterial blood pressure was significantly
higher than in the normals (p < 0.001), and the
cerebral vascular resistance was significantly
greater (+ 16.2%, p < 0.02). When compared

TABLE I

Comparison of cerebral blood flow and oxygen consumption in
coarctation of the aorta as calculated from FA-IJ and

BA-IJ N20 curves*

Cerebral metabolic
Cerebral blood flow rate for O0

Subject no. BA-IJ FA-IJ BA-IJ FA-IJ

ml/100 g/min ml/100 g/min
1 60 61 4.0 4.1
2 83 90 5.3 5.8
3 56 67 3.9 4.4
4 62 64 3.3 3.5
5 48 43 3.8 3.4
6 60 62 3.7 3.8
7 46 48 2.4 2.5
8 74 74 5.0 5.0
9 56 56 3.4 3.4

10 67 68 3.7 3.7
11 49 52 3.5 3.7

Average 4SD 60 ±1 1 62 4±13 3.8 ±0.8 3.9 ±0.9
1) <0.2 p <0.3

* BA-IJ refers to cerebral blood flow as calculated by utilizing the
nitrous oxide difference between the brachial arterial and internal
jugular blood, whereas FA-IJ refers to similar calculations utilizing the
femoral arterial-internal jugular blood nitrous oxide difference.

with the previous series of normals studied in this
laboratory (15), the brachial arterial blood pres-
sure in subjects with coarctation was elevated
(p < 0.01), as was cerebral oxygen consumption
(+ 17.5%, p < 0.05). The cerebral vascular re-
sistance in our group of normal subjects was suffi-
ciently higher than in the preceding group (14),
and it did not differ from those with coarctation
of the aorta. Since coarctation of the aorta is
commonly recognized as a cause of hypertension,
comparisons were also made between a group of
hypertensive subjects studied in this laboratory
(15) and the present group with coarctation of
the aorta. There were no significant differences
in the cerebral blood flow or cerebral oxygen con-
sumption. The mean arterial blood pressure and
cerebral vascular resistance in the coarctation
group were significantly less than those observed
in the subjects with severe hypertension (15).

Discussion

The general hemodynamic parameters of co-
arctation are sufficiently well known that they do
not require further discussion. The preoperative
and postoperative differences between the fe-
moral and the brachial pressure have been re-
ported in detail previously (18, 19) and are in-
cluded in this paper only as an indication of the
severity of the lesion and as evidence that surgical
correction of the coarctation was adequate. This
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TABLE II

Data concerning cerebral blood

Mean blood pressure

Date of
Subject Status study

M.B. B*
A

R.W. B
A

L.H. B
A

C.B. B
A

W.G. B
A

D.L. B
A

W.L. B
A

W.J. B
A

R.B. B
A

K.V. B
A

C.H. B
A

M.W. B

H.S. B
A

H.G. B
A

W.Mc. B
A

J.E. B

C.E. B

D.S. B
A

E.E. B

D.W. B
A

16 cases B
Average ± SD A
%change
p value

20 cases B
Average ± SD

11/24/59
12/10/62

8/29/52
11/10/52

12/27/60
12/ 3/62

6/ 3/53
10/ 6/62

6/14/56
11/12/62

8/14/56
8/30/56

9/ 4/52
9/19/52

2/ 3/61
12/17/62

9/24/53
10/12/53

11/30/60
10/19/62

8/21/56
9/12/56

2/14/61

7/ 7/52
7/25/52

6/11/52
2/17/53

12/ 9/53
8/24/54

1/23/53

11/17/53

11/15/60
1/14/63

5/28/53

7/16/62
11/19/62

Sex

M

M

M

F

M

M

M

M

M

M

M

F

M

M

M

M

M

F

F

F

Brachial Femoral Arterial 02
Age arterial arterial content

yrs mmHg ml/100 ml of blood

15.00 89 69 16.7
18.04 114 119 17.4

16.75 115 103 20.7
16.95 118 15.6

17.00 125 100 18.9
18.93 118 115 19.4

17.33 138 110 16.2
26.67 98 102 15.9

17.50 105 87 18.3
23.83 114 106 17.9

17.75 89 81 18.2
17.79 96 97 16.5

19.83 153 105 22.2
19.87 117 101 16.2

21.00 135 104 19.4
22.87 119 116 19.4

21.25 129 116 19.7
21.30 101 99 15.9

22.00 98 91 19.2
23.88 99 97 18.5

27.50 114 98 21.2
27.56 92 86 13.0

29.00 120 89 17.4

30.00 120 86 20.0
30.05 103 16.9

31.00 136 19.7
31.69 90 65 21.1

31.80 112 19.9
32.50 97 85 20.9

36.00 101 80 15.9

42.00 113 20.0

42.00 116 93 17.9
44.20 105 99 18.3

44.50 105 75 17.6

46.00 102 75 19.0
46.34 93 91 15.9

116 ± 20t 94 4 14t 19.2 1.5
106 4 10t 102 4 lot 17.4 4 2.1

-10 +8.5 -9.4
<0.1 <0.1 <0.05

27.3 4 10.3 116 ± 17 93 ±4 13 18.9 ± 1.6

* B = before and A = after surgical correction of the coarctation of the aorta.
t In those cases where both figures are available pre- and postoperatively.
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TABLE II

flow in coarctation of the aorta*

Arterial-in- Internal
ternal jugular jugular
02 difference CO2 content

ml/100 ml of blood

6.7 47.0
4.8 47.4

6.2 53.6
5.9 57.5

6.8 50.7
7.2 51.8

5.8 50.5
4.5 45.5

6.6 56.8
3.3 51.4

5.4 54.2
5.5 56.9

6.4 50.4
6.0 57.1

6.1 53.2
6.1 50.7

6.1 54.5
5.3 58.4

5.2 52.1
5.5 52.6

8.0 57.4
5.4 58.1

5.5 51.3

6.7 55.3
7.6 56.8

7.1 54.2
7.1 56.3

8.8 52.8
10.6 51.7

4.9 51.1

5.8 54.2

6.1 55.1
5.4 53.3

10.5 43.3

7.2 57.8
6.2 51.0

6.6 It 0.9 53.5 -- 2.9
6.0 -- 1.6 53.5 it 3.9

-9.1 0
<0.1 0

Cerebral
Cerebral metabolic Cerebral vascu- Heart

Cerebral RQ blood flow rate for 02 lar resistance Hemoglobin rate

ml/100 g/min U

0.91
1.00

0.87
0.97

0.90
0.90

0.86
1.00

0.88
1.15

0.98
0.97

0.91
0.92

0.89
1.00

0.82
0.91

0.87
0.98

1.00
0.93

0.89

0.93
0.88

0.85
0.87

1.01
0.94

0.80

0.93

1.05
0.91

0.86

0.88
0.81

0.91 .06
0.95 .08

+4.4
<0.3

61
68

63
58

74
60

94
71

63
41

63
53

87
68

56
50

67
72

47
81

46
51

68

73
42

50
40

49
67

60

71

61
73

46

51
38

63 i 14
58 14

-7.9
<0.1

4.1
3.3

3.9
3.4

5.0
4.3

5.5
3.2

4.2
1.4

3.4
2.9

5.6
4.1

3.4
3.1

4.1
3.8

2.4
4.5

3.7
2.8

3.7

4.9
3.2

3.6
2.8

4.3
7.1

2.9

4.1

3.7
3.9

4.8

3.7
2.4

4.1 i .8
3.5 1.2

-14.6
<0.2

1.46
1.68

1.83

1.69
1.97

1.47
1.38

1.67
2.78

1.41
1.81

1.75
1.72

2.41
2.38

1.93
1.40

2.09
1.22

2.48
1.80

1.76

1.64
2.45

2.72
2.25

2.29
1.45

1.68

1.59

1.90
1.44

2.28

2.00
2.45

1.93 .40
1.88 i .48

-2.6
<0.8

g/lOO ml

12.8
14.3

16.1
11.3

14.4

11.6
13.2

14.4
14.4

11.6
14.1

17.6
12.7

15.0
15.1

16.4
13.1

15.4
14.0

17.4
11.1

13.3

15.6
13.5

16.2
16.4

15.2
15.2

12.1

14.8

13.8
13.7

13.2

14.6
11.9

14.9 it 1.8
13.6 it 1.5

-8.7
<0.1

94
114

90

84
82

77
80

67
72

80
92

83

114
111

81
87

85
71

81
112

120

64
72

67
74

66

56

84
80

60

65
66

80 - 14
86 - 17

+7.5
<0.2

6.6 1.3 52.8 4 3.5 0.90 i .06 63 13 4.0 4 0.8 1.90 i .37 14.6 i 1.8 80 i: 17
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appears to be the case even though a significant
residual difference (4 mmHg) was noted be-
tween the upper and the lower extremities in the
postoperative measurements. It is unusual to
demonstrate a difference of 4 mmHg between the
simultaneous directly recorded brachial and fe-
moral mean arterial pressures in the absence of
some mechanical cause. Since the surgical tech-
nique for correction of coarctation of the aorta
at this institution included a "Z plasty" construc-
tion of the suture line, the aorta at the site of the
coarctation is usually reconstructed to the same
size as the aorta above the former site of coarcta-
tion. Thus it appears unlikely that significant
residual constriction of the lumen remains. A
similar gradient has previously been reported to
persist after surgical correction of coarctation of
the aorta (18). The pressure differences may be
related to residual dilatation and altered elasticity
of the brachio-cephalic vessels proximal to and
around the coarctation site. The sustained post-
operative persistence of rib notching in most but
not all cases (18) may lend some support to the
idea that the dilated collateral channels usually
remain enlarged.

The collateral circulation about coarctation of
the aorta is so efficient that nitrous oxide is de-
livered to the femoral artery almost as quickly as
it is to the brachial. This is revealed by the fact
that cerebral blood flow as calculated from the
brachial arterial-internal jugular venous difference
gives a result very similar to that calculated from
the femoral arterial-internal jugular venous dif-
ference. Probably, if a sufficient number of sub-
jects were studied, eventually a statistically sig-
nificant difference might emerge between curves
constructed by analysis of blood from these two
arterial sites, since 8 of the 11 subjects in this
series did demonstrate a small difference. How-
ever, there was sufficient scatter that statistical
testing indicated no significant change. The
scatter is probably related, among other things, to
errors in the method as well as variation in the
severity of the coarctation and the development of
collateral circulation. The fact that lower ex-
tremity blood flow (2-4) as well as renal blood
flow (1) has been found to be within normal lim-
its in subjects with coarctation of the aorta con-
firms the present observation that blood is de-

livered rapidly and effectively to the body below
the site of the constriction.

The cerebral blood flow in subjects with coarc-
tation of the aorta was previously reported to be
higher than in normal subjects (8). It would be
expected that with a group of 20 subjects, a bio-
logically significant increase in cerebral blood
flow should be apparent in statistical testing, but
this was not established in the present study.
Furthermore, statistical testing indicated no sig-
nificant difference in cerebral blood flow before
and after surgical correction.

Cerebral oxygen consumption in the group of
subjects with coarctation of the aorta is increased
per unit weight of brain tissue as compared to
both previous series of normal subjects (14, 16)
but is not significantly different from that in the
previous series of subjects with arterial hyper-
tension (15). The significance of this observa-
tion is not known. It is known, however, that
cerebral oxygen consumption is not changed by
inhalation of oxygen at 1.0 to 3.5 atmospheres
(20) or by altering cerebral blood flow through
administering 5 to 7% carbon dioxide, 10% oxy-
gen, or 85 to 100% oxygen (21). There is a
possibility that there is abnormal distribution of
cranial blood flow in these subjects and that the
increased oxygen consumption reported here is
attributable to some tissue other than the brain.
We have no evidence on this point. Available
data indicate that if the rate of perfusion of blood
through the coronary circuit is increased artifi-
cially, the myocardial oxygen consumption may be
increased (9-13). The mechanism of this in-
crease in myocardial oxygen consumption de-
pendent upon increased blood flow is not known,
and the relation, if any, to the present discussion
is not clear.

Summary

1) Cerebral blood flow has been measured by
the nitrous oxide method in a group of 20 sub-
jects with coarctation of the aorta, and their cere-
bral oxygen consumption has been calculated.

2) In 11 of these subjects cerebral blood flow
was determined by utilizing simultaneous sampling
of blood from the brachial and femoral arteries as
well as the internal jugular bulb. Calculations of
cerebral blood flow from the two sets of curves
showed no significant difference.
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3) In subjects with coarctation of the aorta the
calculated cerebral oxygen consumption was in-
creased, but their cerebral blood flow was not
significantly different from normal.

4) In 16 subjects, preoperative and postopera-
tive determinations of cerebral hemodynamics
were made. These revealed that the pressure
differential from the brachial to the femoral artery
was largely corrected but that cerebral blood flow
and vascular resistance did not change signifi-
cantly.
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