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Most arrhythmias have long been regarded as
undesirable. The salutary clinical consequences
of abolishing ventricular and atrial tachycardias
are often immediately apparent, and, in general,
the circulatory disadvantages of an inappropriately
rapid ventricular rate in man would seem well
accepted.

The effect on the circulation of atrial arrhyth-
mias without tachycardia, particularly atrial
fibrillation, however, is not clear. Lower cardiac
outputs have been reported in groups of patients
with rheumatic heart disease and atrial fibrillation
than in those with sinus rhythm (1, 2). Studies
of the same patients first with atrial fibrillation
and later in sinus rhythm after quinidine con-
version have been reported by several investiga-
tors (3-7). Of the 35 patients in two of these
studies in which only mean data are presented
(4, 7), the majority of patients had increased
outputs after conversion. Of the 27 patients in
the other three studies (3, 5, 6), the output was
increased at rest after conversion in eighteen and
was unchanged or less in nine. In the two studies
in which heart rates were available (4, 5), no
rates of over 100 in atrial fibrillation were found.
In published data, therefore, it is evident that
restoration of sinus rhythm with quinidine does
not regularly result in an increased cardiac output
when measurements are made days to weeks after
conversion.
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Since quinidine was used as the antiarrhythmic
drug in all of these studies, the observations on
circulatory function were necessarily made days
to weeks after the instant of reversion, i.e., at a
time when over-all circulatory adjustments to the
rhythm change would be anticipated. The tech-
nique of direct-current transthoracic shock, timed
to occur during maximal ventricular depolariza-
tion, has been shown by Lown, Neuman, Ama-
rasingham, and Berkovits in animals and man
(8, 9) to be safe and effective in terminating vari-
ous arrhythmias; furthermore, it has made pos-
sible hemodynamic studies predictably timed to
coincide with a change in cardiac rhythm in the
absence of quinidine. We have made observa-
tions before, during, and after condenser-dis-
charge shocks in 26 patients with various ar-
rhythmias undergoing electrical conversion at-
tempts. The majority of these patients had atrial
fibrillation with varying rates of ventricular re-
sponse; 21 detailed hemodynamiiic studies were
made in 20 of these patients in an effort to as-
sess the relative importance of the ventricular rate
and the absence of atrial systole on cardiac output.

Methods

The patients studied included four with ischemic, 16
with rheumatic, and two with hypertensive heart dis-
ease; one patient had had an atrial septal defect closed,
and three patients, one with borderline hyperthyroidism
[BMR, +20%; PBI (protein-bound iodine), 9.2 ,ug per
100 ml] and one with labile blood pressure, had atrial
fibrillation as the only sign we could detect of possible
heart disease (Table I). In 13, cardiac surgery had
been performed. Each patient was receiving a digitalis
preparation and was considered to be "digitalized" on
the evening before study. Quinidine had been given to

each in varying amounts before the conversion attempt,
but no patient had received quinidine within the 24 hours
before study. All patients had cardiac enlargement; the
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CIRCULATORYCONSEQUENCESOF TRANSTHORACICDIRECT-CURRENTSHOCK

TABLE I

Clinical data of patients undergoing transthoracic shock*

Cardiac status Result of shock

Cardio-
Age Duration of thoracic Duration of

Patient Sex Heart disease Class Arrhythmia arrhythmia ratio Rhythm NSR Class

la. H.M. 58 M Ischemic 2 A.Fl. 3 mos 54.0 NSR A.Fl. 48 hrs 2
b. H.M. 58 M Ischemic 2 A.FI. 48 hrs 54.0 NSR A.Fl. 48 hrs 2

2. F.S. 78 M Ischemic 2 A.Fl. 1 mo 49.5 NSR 13 mos 1
3. L.D. 42 M lschemic 4 A.Fl. 7 days 53.5 NSR 9 mos 2
4. C.L. 55 M lschemic 4 V.Tach. 4 days NSR 6 mos 1
5. S.T. 42 F RHD-MSt 1 AF 7 days 55.0 NSR 13 mos 1
6. M.S. 54 F RHD-MI 2 AF 17 mos 54.0 NSR AF 21 mos 1
7a. J.P. 52 M RHD-MSt 2 AF 2 mos 53.5 NSR- AF 8 days 2

b. J.P. 52 M RHD-MST 2 AF 40 days 53.5 NSR AF 13 days 2
8. G.S. 40 F RHD-MS§ 2 AF 34 mos 52.0 NSR 12 mos 1
9a. A.L. 46 F RHD-MSt 1 AF 2 mos 58.0 NSR AF 8 days 1

b. A.L. 46 F RHD-MSt 1 AF 40 days 55.0 NSR AF 8 days 1
10. R.P. 53 F RHD-MS-TIt 2 AF 41 yrs 53.0 NSR AF 10 days 2
11. A.C. 45 M RHD-MS 1 AF 9 days 54.5 NSR 81 mos 1
12. E.T. 55 F RHD-MST 1 AF 5 yrs 65.0 NSR 8 mos 1
13. C.B. 40 F RHD-MS§ 2 AF 1 yr 56.0 NSR 8 mos 1
14. L.A. 33 F RHD-MS§ 2 AF 2 yrs 62.0 NSR-' AF 14 days 2
15. C.P. 48 F RHD-MS 1 AF 5 yrs 56.0 NSR 6 mos 1
16. M.I. 46 F RHD-MI 1 AF 9 mos 55.5 AF 1
17. B.D. 43 F RHD-MS§ 2 AF 15 yrs 66.0 AF 2
18. M.H. 40 F RHD-MS§ 2 AF 7 yrs 65.5 AF 2
19. L.S. 40 F RHD-MI§ 2 AF 7 yrs 58.0 AF 2
20. M.C. 40 F RHD-MI 2 AF 4 mos 58.5 NSR 6 mos 2
21. P.L. 40 M HHD 2 A.Fl. 9 mos 49.5 NSR 12 mos 1
22. A.A. 64 M HHD 2 AF 21 yrs 54.5 NSR -AF 4 days 2
23. A.E. 53 F ASD§ 1 AF 5 yrs 69.5 NSR 81 mos 1
24. C.S. 58 M Hyperthyroid? 2 AF 10 mos 53.0 AF 2
25a. W.F. 42 M ? 1 AF 6 yrs 61.0 NSR AF 1 day 1

b. W.F. 42 MI ? 1 AF 14 days 61.0 NSR AF 30 days 1
26. H.B. 64 F ? 2 AF 3 mos 55.5 NSR AF 5 days 1

* Abbreviations: RHD= rheumatic heart disease; MS= mitral stenosis; MI = mitral insufficiency; TI = tri-
cuspid insufficiency; HHD= hypertensive heart disease; ASD = atrial septal defect. A.Fl. = atrial flutter; V.Tach.
= ventricular tachycardia; AF = atrial fibrillation; NSR = normal sinus rhythm.

t Surgery, 9-12 days before.
t Surgery, 1-4 months before.
§ Surgery, 1-15 years before.

cardiothoracic ratios calculated from 2-meter roentgeno-
grams are shown in Table I. In 20 patients 21 hemo-
dynamic studies were performed, by methods previously
described (10), in the postabsorptive state 1 to 3 hours
after a sedative dose of sodium 5-allyl-5- (1 methyl-
butyl) barbiturate and 75 to 100 mg of meperidine in-
tramuscularly. After measurements of pressures and
oxygen saturations during venous catheterization, direct
Fick cardiac outputs were determined at rest and dur-
ing the fourth minute of exercise with the patient supine
on a stationary bicycle. Consecutively with the Fick
outputs, the cardiac output was also estimated by an
indicator-dilution technique employing indocyanine green
and continuous arterial sampling. After these initial
measurements the patient was lightly anesthetized with
sodium thiopental intravenously, and the indicator-dilu-
tion output was repeated. The condenser-discharge
shock was then given between one paddle placed over
the fourth intercostal space to the right of the sternum
and another in the posterior axilla just below the level
of the cardiac apex. The initial shock was usually of
100-watt-seconds energy; if necessary, additional shocks

up to 400 watt-seconds were given. Continuous pres-
sure and electrocardiographic recordings were made.
Immediately after the shock(s), an indicator-dilution
output was repeated. The patient was then allowed to
awaken from anesthesia, and 1 or 1 and 2 hours after
awakening, Fick and dilution outputs were repeated at
rest and during exercise. In three patients of the series,
outputs were also determined at greater intervals after
conversion.

In the latter patients of the series an arterial catheter
was positioned in the aortic root, and another catheter
was passed transeptally into the left atrium. The aortic
root catheter was advanced into the left ventricle and
the presence or absence of mitral regurgitation quali-
tatively assessed by the detection of or failure to detect
indicator dye in the left atrium after left ventricular
injection. The left ventricular mean-diastolic and end-
diastolic pressures measured were those nearest in time
to the output measurements.

All pressures were recorded with Statham P-23Db
pressure transducers as part of a bridge circuit, activated
by 12-v direct current, and Heiland type 40-350C gal-
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TABLE II

Hemodynamic changes accompanying

Vo, Qi VE Heart rate

Patient BSA Rhythm R E R E R E R E

m2 mi/min/m2 L/min/m2 ml/beat/m2 beats/min
A. Patients converted

3. L.D. 1.94 AF
+1 hr NSR

A

5. S.T. 1.51 -15 days NSRt
1.50 AF

+lhr NSR
+1 mo NSR

1.57 +llmos NSR
A

6. M.S. 1.74 AF
+lhr NSR
+40 days NSR

A

7. J.P. 1.84 AF
+1 hr NSR

A

8. G.S. 1.46 -24 mos AFt
1.49 AF

+1 hr NSR
+2 hrs NSR
+3 mos NSR

A

9. A.L.
a 1.70

1.49
2.41

+0.92

127 211 3.75 3.85
137 199 2.27 2.56
144 200 2.43 2.91

2.10 2.90
115 2.34
+7 +1 +0.16 +0.35

i11 202 1.72 2.04
101 160 1.66 1.97

1.90 3.93
-10 -42 -0.06 -0.07

154 231 2.35 2.88
136 210 2.55 3.00

-18 -21 +0.20 +0.12

120 224 1.73 2.06
132 229 2.03 3.01
116 190 2.19 2.92
110 271 2.56 3.73

3.12 3.95
-16 -39 +0.16 -0.09

AF 135 241 2.62 3.37
+1 hr NSR 138 252 3.04 3.64
+2 hrs NSR 126 289 3.17 4.07

A +3 +11 +0.42 +0.27

9. A.L.
b 1.69 AF

+lhr NSR
A

10. R.P. 1.66 -2 mos NSRt
1.50 AF

+lhr NSR
+2 hrs NSR

A

11. A.C. 1.78 AF
+1 hr NSR

A

12. E.T. 1.65 AF
+1 hr NSR

A

13. C.B. 1.96 -36 mos NSR
1.99 -24 mos NSRt
1.87 AF

+1 hr NSR

14. L.A. 1.48 -4 days AF
1.46 AF

+1 hr NSR
A

21. P.L. 2.00 A.F1.
+1 hr NSR

A

22. A.A. 1.89 -1 hr AF
AF

+1 hr. NSR
A

2.28 2.90
2.51 3.07

+0.23 +0.17

140 234 3.09 2.97
159 217 4.11 4.13
155 224 3.64 4.21
150 213 3.74 4.44
-4 +7 -0.47 +0.08

2.08 3.01
2.87 3.75

+0.79 +0.74

146 2.11
162 2.63

+16 +0.52

128 306 2.94 3.38
134 251 3.35 4.33
145 227 2.05 3.07
146 219 2.35 2.99

+1 -8 +0.30 -0.08

126 220 1.91 2.00
131 197 2.13 2.03
133 175 2.24 2.26
+2 -22 +0.11 +0.23

139 174 2.18 2.47
129 147 2.10 2.25

-10 -27 -0.08 -0.22

127 2.12
152 2.41
162 2.41

+10 0.00

7
24

+17

38 35
12 15
18 21
33
34

+6 +6

17 17
20 21

+3 +4

16 18
28 28

+12 +10

23 16
31 34
30 34
33 37

-1 0

28 25
34 34
35 36
+6 +9

28 27
35 34
+7 +7

35 30
48 43
39 42
37 48
-9 -1

15 19
31 37

+16 +18

22
44

+22

45 41
37 43
23 30
30 34
+7 +4

22 13
26 21
27 25

+1 +4

22 22
20 20

-2 -2

23
27
30

+3
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206
101

-105

100 110
185 176
135 135

63
68

-50 -41

100 120
82 94

-18 -26

152 162
92 107

-60 -55

74 124
66 87
72 87
78 102

+6 0

92 132
90 108
90 114
-2 -24

80 110
72 90

-8 -20

89 100
87 96
94 99

102 93
+7 +3

140 164
92 103

-48 -61

93 108
60 78

-33 -30

65 82
90 100
90 102
78 90

-12 -12

85 160
81 99
&1 90

0 -9

98 112
108 112

+10 0

90
90
80

-10



CIRCULATORYCONSEQUENCESOF TRANSTHORACICDIRECT-CURRENTSHOCK

TABLE 1I

transthoracic shock*

a-v difference PRA PPA PEA Pwedge Rs Rpart.

R E R E R E R E R E R E R E

ml/100 ml mmHg mmHg mmHg mmHg dyne-sec-cm-6 dyne-sec-cm'

89
84

-5

3.39 5.47 2 3 41 37 97 88
6.04 7.75 8 8 29 36 95 89
5.90 6.88 5 7 24 40 104 102

4.76
-0.14 -0.87

6.46 9.90
6.10 8.10

-0.36 -1.80

6.56 8.04
5.32 7.00

-1.24 -1.04

6.92 10.88
6.51 7.62
5.26 6.51
4.27 7.29

-1.25 -1.11

4
-3 -1

7 8
6 7

-1 -1

10 11
6 10

-4 -1

6 6
7

19
-5 +4

28 39
29 35

+1 -4

40 54
44 58
+4 +4

25 35
19 25
21 24
20 27

88
+9 +13

67 63
64 73

-3 +10

74 93
86 95

+12 +2

85 86
95 84
90 94

101 108

2,500
1,400

-1,100

18 26 1,400 1,200
16 2,200 1,900
9 13 2,300 1,900

11
-7

18

1,900
+100 0

1,800 1,400
1,800 1,700

0 +300

1,400 1,400
1,500 1,400
+100 0

21 25 2,700 2,300
16 17 2,500 1,500

2,200 1,700
2,100 1,600

+2 -1 -5 +10 -300 +200

5.15 7.15
4.52 6.93
3.97 7.10

-0.63 -0.22

26 36
25 44

13 28 44
-1 +8

19
11

35 42
21 26
21 24
22 22

0 -2

7 29 33
8 33 46

+4 +13

5 9 25 44
11 11 44 48

5 29 28
15 38 52

+9 +24

4 25 35

5 46 51
4 5 39 49

-1 -7 -2

38
39
53

+14

88 95
88 93

0 -2

89 95
96 102
94 95
92 88
-2 -7

74 70
74 84
0 +14

105 103
87 82

-18 -21

91 130
88 89
95 88
90 100
-5 +12

78 86
104 108
88 95

-16 -13

132 134
130 134
-2 0

138
145
144
-1

24
12

18

15

18
+3

12
30
21$
23$

+2

14
12$
16$

+4

11$
'1t
27t

+16

1,800 1,600
1,700 1,400
-100 -200

30 1,400 1,500
1,200 1,300
1,400 1,200
1,300 1,100
+200 -100

1,600 1,000
1,200 1,000
-400 0

17 2,400
21 1,600
+4 -800

14 1,300 1,600
30 1,100 800
25$ 2,000 1,200
31$ 1,600 1,400
+6 -400 +200

25 2,400 2,300
16$ 2,700 2,900
17t 2,200 2,300

+1 -500 -600

2,400 2,200
2,500 2,400
+100 +200

2,800
2,500
2,500

0

2293

300 200
300
300 500

200
0

100 300
100 100

10 1993 106
80 105
79 103

-13 -1

1,700 1,500
1,200 1,400
1,200 1,200
-500 -100

100

4.54 7.87
3.86 5.24
4.27 5.32
4.01 4.79

+0.41 +0.08

6.91 8.54
6.15 7.20

-0.76 -1.34

4.36 9.03
4.01 5.81
7.06 7.40
6.22 7.32

-0.84 -0.08

6.60 10.98
6.15 9.74
5.93 7.76

-0.22 -1.98

6.35 7.06
6.13 6.50

-0.22 -0.56

6.00
6.33
6.76

+0.43

200 200
100

100

300
300

0

200 400
200 200
200 100
300 300

+100 +200

300 300
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TABLE II-Continued

VO2 Qi VE Heart rate

Patient BSA Rhythm R E R E R E R E

m2 ml/min/m2 L/min/m2 ml/beat/M2 beats/min
23. A.E. 1.68

+1 hr

25. W.F. 2.10
+1 hr

26. H.B. 2.06
+1 hr

Mean
SE

Mean
SE

Mean
SE

B. Patients not converted

16. M.I. 1.37
+1 hr

17. B.D. 1.51 -48 mos

1.42
+1 hr

18. M.H. 1.52
+1 hr
+6 days

24. C.S. 1.72
+1 hr

Mean
SE

Mean +1 hr
SE

Mean
SE

AF 117 165
NSR 118 197
A +1 +32

AF 127 446
NSR 133 383
A +6 -63

AF 133 237
NSR 128 242
A -5 +5

AF 137 230
±4 421

NSR 136 217
45 +18

A -1 -14

43 +-8

AF 114
AF 104
A -10

AFt 117
AF 139
AF 140
A +1

AF 136
AF 102
*AF
A -34

AF 156
AF 156

0

AF 136
±9

AF 126
413

A -11
±8

274
259

-15

296
300
270

-30

222
224

+2

278
255

-23

269
±17

252
±10

-17
±7

2.89 3.22
2.71 3.24

-0.18 +0.02

1.91 4.03
2.84 4.93

+0.93 +0.90

2.46 3.03
2.62 3.68

+0.16 +0.65

2.30 2.98
±0.14 ±0.16

2.54 3.20
±0.10 ±0.21

+0.24§ +0.2211
±0.09 ±0.09

1.93
1.86

- .07

2.15
2.54
2.88

+0.34

2.19
1.86
1.96

-0.33

3.22
3.48

+0.26

2.47
±0.28

2.52
40.40

+ .05
±0.27

3.26
3.13

- .13

3.34
3.36
4.00

+0.64

2.73
2.73
2.25
0.00

3.82
4.19

+0.37

3.29
±0.22

3.51
±-0.35

+0.22
±0.17

30
38
+8
19
36

+17

18
28

+10

23
±2

30
±2

+72
42

33 96 99
72

-24

103
80

-23

135
93

-42

111

±9

87
4

-24¶

4±7

42
+9

22
49

+27
20
36

+16
25
±2

33
±2

+8T
42

78
-21

180
100

-80

151
100

-51

127
±8

98
±4

-281
±6

32 34 60 96
41 35 45 90
+9 +1 -15 -6

30 27 71 123
36 31 70 110
41 40 70 100
+5 +9 0 -10

28 24 78 i11
22 28 84 96
22 27 90 84
-6 +4 +6 -15

33 34 96 110
35 42 100 100
+2 +8 +4 -10

32 31 76 107
±2 ±2 ±8 ±4

35 36 75 97
±4 ±3 ±12 ±2

+3 +6 -1 - 10§
±3 ±2 ±5 ±2

* Abbreviations: VO2 = oxygen consumption; Qi = cardiac output per square meter of body surface area; VE = stroke volume; a-v = arterio-
venous; PRiA = mean right atrial pressure; PPA = mean pulmonary arterial pressure; PBA = mean peripheral arterial pressure; Pweoge = mean
wedge (or left atrial$) pressure; Rs = total systemic vascular resistance; RPart = pulmonary arteriolar resistance. R = at rest; E = at exercise.
AF = atrial fibrillation; A.FM. = atrial flutter; NSR = normal sinus rhythm. A = difference in determination immediately before and 1 hour
after conversion attempt.

vanometers with a 1-m light path. At a recording sen-

sitivity of 1 mmHg = 1 mmdeflection, the catheter-tip-
to-paper frequency response of this system is flat to 19
cps when tested with a hydraulic pressure generator.

Data obtained in other patients with heart disease
studied at rest, during exercise, and one-half hour after
exercise were used for comparison of the rest-"rerest"
studies in the present series. Seven of these patients
had ultimately fatal myocardial disease of various etiolo-
gies (11), and seven had chronic rheumatic mitral disease.

Results

The clinical consequences of the attempts at
conversion are summarized in Table I. In Table

II the hemodynamic data obtained in these pa-

tients are presented. In addition to the results of
the studies immediately before and 1 hour after
awakening from the conversion attempt and their
differences, indicated by the A values, data from
any earlier or later studies are included for com-

parison; intervening valvular surgical intervention
is indicated. Data from the four patients who did
not convert are shown separately. Whenever
oxygen consumption data are not shown, the
cardiac outputs were obtained by the indicator-
dilution technique. The means and standard er-
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TABLE ii-Continued

a-v difference PRA PPA PBA PWedge RS RPart.

R E R E R E R E R E R E R E

mmHg mmHg mmHg
7 27 38 88 100

9 31 34 93 93
+4 -4 +5 -7

7 10 24 95 111
94 102

-1 -9

7 30 36 141 143
24 36 125 136

-6 0 -16 -7

8 9 30 37 99 99
±1 i1 ±2 ±3 ±5 ±5

5 8 32 40 95 99
± 1 ± 1 ±3 43 45 ±4

-2 -1 +2 +4 -4 0
±I 0 ±2 ±3 ±2 ±3

mmHg
18

9$ 20
2$ 41

-7 -16

13$ 131
71 lit

-6 -2

14 18
±1 ±2

15 17
43 ±5

+1 -1
±3 ±4

dyne-sec-cm-5 dyne-sec-cmn
1,400 1,500 100
1,600
+200

1,900
1,300
-600

2,200
1,900
-300

2,012
±111

1,759
i106

-253§
±91

1,400
-100

1,000
800

-200

1,800
1,400
-400

1,586
±134

1,529
±119

-57
±66

200
100

-100

220
±-37

220
±49

0
±32

16 24
6 17 24

+1 0

1 1 30 55
42 58

11 39 69
-3 +11

30 52
33 43

+3 -9

23 31
28 38

+5 +7

28 41
±6 ±t8

29 44
±5 ±9

+2 +2
±2 ±4

85 99
78 81

-7 -18

91 99
96 103

107 110
+11 +7

100 112
86 96

-14 -16

92 89
78 88

-14 -1

93 101
±t3 ±5

87 94
±7 ±6

-6 -7
±6 ±-6

10$:
15$:

+5

221
22$:
29$:

+7

19

19$:

16
±6

22
±7

+6
±1

17$ 2,600
18$ 2,500

+1 -100

2,300
45$ 2,100
39+ 2,100
-6 0

2,400
2,400

201:
0

1,300
1,000
-300

31 2,100
±14 .286

29 2,000
±11 ±344

-3 -100
±4 ±71

t Surgery followed.
I Left atrium.
§p <0.02.
11 P < 0.05.

tp <0.01.

rors of the means before and after conversion are

shown.
Cardiac output, oxygen consumption, and ar-

teriovenous oxygen difference. Slight but sig-
nificant increases in mean cardiac output of 0.24 L
per minute per m2 SD 0.38 at rest and 0.22 L
per minute per m2 + SD0.33 at exercise were found
1 hour after awakening for the group of sixteen
patients who converted. No change in oxygen

consumption was found, but a significant narrow-

ing of systemic arteriovenous oxygen difference
occurred. In the four patients who did not con-

vert, however, although no change in either cardiac

index or oxygen consumption occurred, a sig-
nificant narrowing of arteriovenous oxygen differ-
ence was also noted. Since the experimental pro-

tocol to which all of these patients were subjected
was quite long and included light anesthesia and
the transthoracic shock (s), it was felt that changes
during the protocol, unrelated to any change in
rhythm, might have occurred. Therefore, rest-

rerest data obtained in 14 other patients with
chronic heart disease during output measurements

f hour after intervening exercise (Figure la)
were plotted as a basis for comparison with the
rest-postconversion attempt and the rest-pre-

ml/100 ml
4.03 5.12
4.37 6.08

+0.34 +0.96

6.65 11.05
4.70 7.77

-1.95 -3.28

5.44 7.84
4.89 6.60

-0.55 -1.24

5.96 7.88
±0.27 + .47

5.47 6.92
±0.22 +0.21

- .50§ -0.96¶
±0. 18 ±0.30

100 1(1O

2()0
100

-100

150
+50

200
±4100

+50
±4150

8
9

9

5.89
5.58

- .31

5.46
5.46
4.86
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conversion attempt output data of the present
series (Figure lb). The 95%o confidence limits
of the regression plotted in Figure la are shown
as dashed lines in Figure lb. It will be noted
in Figure lb that at 1 hour after the conversion
attempt the output changes of ten of 14 patients
who converted and of the four who did not con-
vert fell within the range of change that was
found in the 14 patients not subjected to the pres-
ent protocol. Only four patients (No. 7, 8, 12,
and 25) had output changes greater with respect
to oxygen consumption than did the four patients
who did not convert and the 14 not participating
in the conversion attempt.

The per cent changes in cardiac output with
respect to changes in oxygen consumption during
exercise after the conversion attempt compared
with those before conversion are plotted in Figure
2. We do not have re-exercise-exercise data
from other patients for comparison and can only
compare the data from the patients who con-
verted with those of the four who did not. Only
one patient (No. 25) had a greater change of
cardiac output with respect to change in oxygen

+40-

+30- NSR I hour
0 NSR 2 hours

+20- OAFoA-

WC+10_

.0

-10- /

-30-

1 1 1
-30 -20 -10

consumption after conversion than did the patients
who did not convert.

Heart rate and stroke volume. A significant
decrease in mean heart rate and an increase in
mean stroke volume were found both at rest and
during exercise in the patients who converted.
In the four who did not convert, the heart rate at
exercise after the conversion attempt was also
significantly lower than before the attempt. Since
a stroke volume increase would be expected with
a heart rate decrease even in the absence of an in-
crease in cardiac output, the patients who con-
verted were divided into two groups for analysis
of the relationship of heart rate to cardiac output
change, as shown in Table III. In the table the
data in patients in whom a heart rate decrease of
more than 30 beats per minute had occurred at
rest or during exercise after conversion (A) are
compared with those in whom a rate change of
lesser magnitude was noted (B). In group A a
significant decrease in heart rate and increase in
stroke volume occurred both at rest and during
exercise but only during exercise in group B. In
group A a significant increase in cardiac output

A

0 0 017.0
*25

+10 +20 +30

%AQ
FIG. 2. PER CENTCHANGEIN Q ANDVo2 DURING RE-EXERCISE AFTER

CONVERSIONTO NORMALSINUS RHYTHM IN 13 PATIENTS COMPARED
WITH THE FOUR PATIENTS WHODID NOT CONVERT.
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TABLE III

Effect on hemodynamic data of change in heart rate after conversion

Rest Exercise
(3,5, 7, 11, 12, 26)* (5,7, 11,25, 26)*

AF NSR A AF NSR A

A. Decrease in heart rate more than 30 beats/minute
Oxygen consumption,

ml/min/M2 143 i 5 143 + 7 0 278 + 57 259 ± 42 -19 ± 3t
Cardiac output,

L/min/m2 2.13 i 0.14 2.59 ± 0.07 +0.46 ± 0.14t 3.10 4± 0.24 3.65 i 0.36 +0.55 i 0.17t
Stroke volume,

ml/beat/M2 15 ± 2 29 ± 4 +14 ± 2t 19 ± 1 34 ± 5 +15 i 4§
Heart rate,

beats/min 152 i 16 96 i 10 -56 ± 10t 157 i 11 104 ±t 7 -53 ± 7t
a-v difference

mi/100 ml 6.24 ±: 0.32 5.57 ± 0.28 -0.67 + 0.23 8.64 ± 0.62 7.09 ± 0.20 -1.55 ± 0.44t
B. Decrease in heart rate less than 30 beats/minute

(6, 8, 9a, b, 10, 13, 14, 21, 22, 23, 25)* (6, 8, 9a, b, 10, 13, 14, 21, 23)*
Oxygen consumption,

ml/min/M2 135 ± 5 133 ± 6 -2 ±- 1 207±10 196 ± 12 -11 ± 9
Cardiac output,

L/min/M2 2.39 ± 0.20 2.51 ± 0.16 +0.12 ± 0.11 2.92 ± 0.22 2.95 ± 0.24 +0.03 ± 0.06
Stroke volume,

ml/beat/M2 27 ± 2 31 ± 2 +4 ± 2 28 ± 3 32 ± 3 +4 i I
Heart rate,

beats/min 89 ± 3 82 ± 3 -7 ± 4 106 ± 5 94 ± 4 -12 ± 4§
a-v difference,

ml/100 ml 5.86 ± 0.35 5.43 ± 0.28 -0.43 ± 0.24 7.40 ± 0.62 6.81 ± 0.32 -0.59 ± 0.35

* Patient-study number.
tP <0.01.
tp <0.05.
§p <0.02.

was also observed, i.e., the stroke volume increase
was greater than that which might have been
anticipated on the basis of the rate decrease. In
group B at rest, however, no significant change in
heart rate, stroke volume, or output was found,
and during exercise the stroke volume increased
only reciprocally to the slight rate decrease, i.e.,
no output increase occurred.

The degree of irregularity of ventricular rhythm,
expressed as the standard error of the RR inter-
vals in the electrocardiograms recorded during
each Fick output, was not related to the observed
changes in stroke volume or cardiac output.
Furthermore, there was no constant relationship
between the change in output and the absolute
level of output before conversion.

The output and rate changes observed immedi-
ately before and after conversion during the light
thiopental anesthesia (not shown in the tables)
were not significantly different from those while
awake.

In studies made at longer intervals after con-
version, one patient (No. 5) with mitral stenosis
had no further increase in output or stroke vol-
ume at 1 or 11 months, despite a markedly lower
rate; another (No. 8), however, had a major in-
crease in output at 2 hours and a further increase
to normal at 3 months, attributable to a stroke vol-
ume increase without any rate change. One other
patient (No. 9) had an increase of 0.60 L per
minute per m2 by 2 hours without a rate change.

Atrial pressure. Mean right atrial pressure de-
creased in each of the four patients in whom it
was measured before and after conversion at rest
and also in the three in whom it was measured
during exercise. The "a" waves that developed
were quite small; a sharper "c" wave and x-de-
scent were regularly seen.

Mean left atrial or pulmonary arterial wedge
pressure was slightly higher after conversion in
four of five patients with rheumatic heart disease
in whom changes were available at rest and in
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three of four at exercise; left atrial pressure was
also much higher at rest in one patient with hyper-
tensive heart disease. By contrast, in the two
patients with atrial fibrillation as the only sign
of possible heart disease definite decreases oc-
curred after conversion. As was seen in the right
atrial pressure contours, surprisingly small "a"
waves appeared after restoration of sinus rhythm,
but the x-descent became clearer (Figure 3).

Pulmthoniary arterial pressure anid arteriolar re-

sistanice. Mean pulmonary arterial pressure was

elevated in the majority of the patients and did
not clearly change with conversion. Pulmonary
arteriolar resistances similarly showed no con-

sistent change.
Braclial arterial pressufrc anid total systenuzic

resistanzce. Mean brachial arterial pressure

changed little; systemic resistance, therefore,
tended to decrease only in those patients with
major output increases.

Left ventricular futnctioni. In Table IV meas-

urements made in the left ventricles of five of
these patients are presented. In three, two w-ith

mitral stenosis (No. 13 and 14) and one with hy-
pertensive heart disease (No. 22), increases in
both ventrictular mean-diastolic and end-diastolic

FIG. 3. SIMULTANEOUS LEFT ATRIAL (TRANSEPTAL)
AND LEFT VENTRICULAR (RETROGRADE) PRESSURESAND THE

ELECTROCARDIOGRAMIN A PATIENT WITH MITRAL STENOSIS

WITH ATRIAL FIBRILLATION (LEFT) AND 112 HOURSAFTER

CONVERSIONTO SINUS RHYTHM(RIGHT).

TABLE IN

Left ventricular function changes accompanying conversion from atrial fibrillation to normal sinus rhythm*

VE Heart rate PLVD PLIVED PLVE-I.D-PLXVD WV

Patient Rhyithm R E R E R E R E R E R E

ml/beat beats/imin mmHg mmHg mnmn Hg ergs X106 beat
13. C.B. AF 43 56 90 102 10 13 12 16 +2 +3 4.4 7.3

NSR 56 63 78 90 14 13 16 16 +2 +3 5.0 8.7
A +13 +7 - 12 - 12 +4 0 +4 0 0 0 +0.6 +1.4

14. L.A. AF 38 30 81 99 3 3 5 6 +2 +3 4.9 4.7
NSR 40 37 81 90 5 4 9 7 +4 +3 4.6 5.4
A +2 +7 0 -9 +2 +1 +4 +1 +2 0 -0.3 +0.7

22. A.A. AF 43 90 1 1 9.7
AF 51 90 10 11 +1 10.3
NSR 57 80 25 27 +2 12.8
A +6 -10 +15 +16 +1 +2.5

25. W.F. AF 40 47 103 180 8 8 8 8 0 0 6.0 6.4NSR 75 103 80 100 2 4 5 5 +3 + 1 10.5 17.9
A +35 +56 -23 -80 -6 -4 -3 -3 +3 +1 +4.5 +11.5

26. H.B. AF 38 41 135 151 13 13 12 14 -1 +1 4.9 8.0
NSR 58 75 93 100 7 11 8 13 +1 +2 7.5 11.9
A +20 +34 -42 -51 -6 -2 -4 -1 +2 +1 +2.6 +3.9

* PLVD = mean left ventricular diastolic pressure; PLVED = left ventricular end-diastolic pressure; WLV = left
ventricular work; other abbreviations as in Table II.
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pressures occurred after conversion with slight
stroke volume increases but without major rate
changes. In two without other evidence of heart
disease (No. 25 and 26) rather striking decreases
in these pressures occurred with clear rate de-
creases and stroke volume increases. No in-
crease of left ventricular end-diastolic over mean-
diastolic pressure (PLVED - PLVD) was observed.
Stroke work changes paralleled stroke volume
changes and were similarly unrelated to changes
in mean- or end-diastolic left ventricular pressures.
Indicator dye injected into the left ventricle was
not detected by continuous sampling in the left
atrium in these five patients.

Discussion

Conversion from atrial fibrillation to normal
sinus rhythm was clearly associated with a sig-
nificant increase in cardiac output in those pa-
tients in whom a considerable decrease in ven-
tricular rate occurred. In those patients in whom
a significant rate decrease did not accompany
conversion, however, the output changes observed
at 1 hour were similar in magnitude to those that
occurred in patients subjected to the same proto-
col who did not convert and, furthermore, were
similar to those occurring in other patients with
heart disease in rest-rerest studies. Output meas-
urements made at longer intervals after con-
version in five patients were not regularly greater
than at 1 hour. We must conclude that atrial
fibrillation had had a deleterious effect on the
cardiac outputs of only those patients who had
had rapid ventricular rates, as suggested years
ago by Lewis (12) and Blumgart (13).

These data were somewhat surprising, however,
both from clinical and from physiologic points of
view. As physicians, we have all seen quite ill
patients who seemed to be improved after con-
version. Wehave also observed acute decreases
in cardiac output when' atrial arrhythmias devel-
oped during cardiac catheterization, as have others
(14). That atrial systole plays a role in ventricu-

lar filling has clearly been established in animal
preparations with induced atrial fibrillation.
:Skinner, Mitchell, Wallace, and Sarnoff (15)
showed that in dogs the absence of atrial systole
had two consequences at a given heart rate,
namely, decreased ventricular filling and, for a

given input into the left ventricle, higher mean
left atrial pressure. If the vagi had been sec-
tioned, they noted decreased aortic pressure and
cardiac output. If, however, baroreceptor ac-
tivity was intact, aortic pressure and flow tended
to return to control levels after the onset of atrial
fibrillation.

Obviously, even among patients with heart dis-
ease, little or no increase in cardiac output after
conversion would be anticipated in those whose
outputs were normal in atrial fibrillation. We
had, however, expected an increase in output
after conversion in those patients in whom it had
been low, on the assumption that the absence of
atrial systole was a major factor contributing to
their low outputs. Why restoration of atrial
systole without a rate decrease did not result in
an increase in cardiac output is not clear. The
"a waves that appeared were surprisingly small
and were not accompanied by elevation of end-
diastolic over mean left ventricular diastolic pres-
sure. In contrast to the findings in dogs without
heart disease, the transport function of the atria
in these patients seemed to be small. Perhaps
this may be attributable in part to an atrial myo-
cardial abnormality that was associated with the
development and maintenance of atrial fibrillation.
That atrial disease was present in the majority is
also suggested by the high incidence of recur-
rence of fibrillation despite chronic quinidine and
procaine amide therapy. Perhaps also this small
volume augmentation was in part due to decreased
atrial contractility induced by homeostatic au-
tonomic reflexes (16).

Even a small volume augmentation, however,
might have been expected to have a salutary effect
on stroke output of patients with the lowest cardiac
outputs, but the patients with the lowest outputs
during chronic atrial fibrillation did not regu-
larly have the greatest percentage increases af-
ter conversion. These observations suggest
that factors other than the presence or absence
of atrial systole were of major importance in
setting the level of cardiac output in these pa-
tients. By usual clinical criteria, we could not
establish a correlation between the severity of the
heart disease and the level of cardiac output be-
fore or after conversion at rest or during exercise.
\Ve are, therefore, unable to define the factors
responsible for the low outputs of these patients.
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The question of the effect of atrial fibrillation
on left atrial pressure is of definite clinical im-
portance, since this pressure reflects the level of
pulmonary venous pressure and hence is related
to pulmonary congestion. In the animal prepara-
tion with intact baroreceptor activity, mean atrial
or filling pressure at a fixed heart rate tends to
be higher for any given stroke volume after pro-
duction of atrial fibrillation even though flow and
blood pressure have returned to control levels
(15). This was indeed the case in our two pa-
tients with atrial fibrillation as the only sign of
possible heart disease (No. 25 and 26) in whom
clear decreases in both end- and mean-diastolic
left ventricular pressures and in left atrial pres-
sures occurred after conversion in association with
definite increases in stroke volume. A sharper
x-descent occurred in the atrial tracings, suggesting
earlier mitral and tricuspid valve closures (15,
17) ; but mitral regurgitation, a possible cause of
increased left atrial pressure, could not be de-
tected by an indicator technique in these two
patients during atrial fibrillation.

By contrast, in three other patients, one with
hypertensive heart disease and two with mitral
stenosis. increases in both end- and mean-diastolic
pressures occurred without major stroke volume
or output changes; increases in left atrial pressure
also occurred. An increase in wedge pressure
following conversion also was noted by Broch
and .Mtller (7) in patients with mitral stenosis.
The occurrence of this phenomenon in their quini-
dine-converted patients and the decrease in wedge
pressure in two patients with atrial fibrillation
only in our series clearly exclude a "stiffening"
of the left heart due to any electrically induced,
increased catecholamine concentration (18). Al-
though we are unable to explain the phenomenon.
we suggest that an) improvement in symptoms of
pulmonary congestion in patients with mitral
stenosis after conversion to sinus rhythm is most
likely related to a decreased rate and a longer
diastolic filling period, since both conversion per
se and an output increase would tend to increase
left atrial pressure.

The patients in this and in the majority of
previously reported studies have been well enough.
despite the presence of serious heart disease, to
undergo cardiac catheterization on at least two
separate occasions and were studied only supine

at moderate exercise. They may not be quanti-
tatively comparable, therefore, to patients who
have more severe degrees of cardiac malfunction
or to patients who perform more marked activity
in the erect position (19). In the upright patient
venous return is decreased; ventricular filling and
hence stroke volume may be more dependent on
the presence or absence of atrial systole.

These studies suggest that chronic atrial fibril-
lation in these supine and moderately exercising
patients with heart disease was of only slight im-
portance in determining the level of cardiac out-
put if the ventricular rate was controlled: The
small "a" waves suggesting only a slight volume
augmentation attributable to the restored atrial
systole, in contrast to the findings in the experi-
mental animal, suggest to us that intrinsic atrial
myocardial disease had attenuated atrial function
or that extracardiac factors had decreased the con-
tractility of the atria.

Summary

1) Hemodynamic measurements have been made
at rest and during exercise in 20 patients with
heart disease before and after attempts to con-
vert atrial arrhythmia to sinus rhythm by trans-
thoracic direct-current shock.

2) Conversion to normal sinus rhythm had little
effect on cardiac output unless a rapid ventricular
rate was lowered after conversion to sinus rhythm.

3) The transport function of the atria in these
patients with heart disease seemed to be of little
importance in determining their cardiac outputs.
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