
SUDDEN DEATH IN AVID DIETERS/Isner et alt

FIGURE 5. Photomicrographs of myocardium in patient 2, the only one with definite myocarditis. Low-power ( X 130) view
(leJt) and high-power (x 880) view (right) showing extensive mononuclear cell infiltrate. Hematoxylin and eosin stains were
u.sed.

reported by Garnett and associates in 196920 (table 3).
This patient, a woman, died suddenly at age 20 years
from a documented ventricular arrhythmia; she had
lost 58 kg during 7.5 months on a diet that consisted of
unrestricted acaloric salt-free fluids, folic acid,
vitamins A, B, D and sporadic amino acid
supplements. This diet was similar to the LPMF diets
used by our patients, although the caloric value of
Garnett's diet was lower than that of the LPMF
dieters.
The lack of electrocardiographic data available in

most of the remaining studies describing various
effects of starvation and semistarvation (table 3)
makes it difficult to estimate the true frequency of QT
interval prolongation among patients subjected to

severe caloric restriction. Patients in some of these
other studies may have had QT-interval prolongation
that was asymptomatic at the time caloric restriction
was discontinued (as was the case in patients 7, 11, and
12 in the present study) and as a result an ECG was
not done and the QT-interval prolongation was
missed. Furthermore, a lack of details regarding the
extent and rapidity of weight loss among patients in
most of these other studies makes it difficult to ex-
trapolate how unique or critical these factors were to
the 17 patients in the present study. The 17 LPMF
dieters who died were recognized as some of the most
fanatic adherents to the diet among their respective
clinics and their massive and precipitous weight loss
confirms their reputation. However, a substantial
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TAB3LE 3. Prcvious Reports of Persons Suibjected to Severe Caloric Restriction

Mean
Meant BW

First author Ref. No. Age (years) No. (%) Patients BW (%)
(year) no. pts llange (average) female stuidied Obesity* S SD (kg) lost

Feil (1936) 14 38 15-76 (41) 17 (45) Pellagra --
Weiss (1937) 15 120 24-67 ( ) 22 (18) Beriberi - -

Apfelbaum (1946) 16 18 16-30 ( ) War, faminie - - 29

Cardozo (1946) 17 29 27-74 (55) 0 War, famine - - 59

Ellis (1946) 37 4 23-29 (25) 0 War, famine 0 - -

Simonson (1946) 18 32 20-33 (26) 0 NI 0 0 0 61 24
Smythe (1962) 19 98 Kwashiorkor - -

Drenick (1964) 31 11 33-71 (48) 10 (90) Obesity + - 0

Spencer (1968) 32 12 29-75 (57) 8 (67) Obesity + 0 2 100 12

Garnett (1969) 20 1 20 1 (100) Obesity + 1 1 60 50
Thurston (1974) 38 9 13-18 (16) 1 (11) AN - - 0 >10
Kempner (1975) 33 106 17-65 (34) 59 (36) Obesity + 0 0 80 44

Vertes (1977) 34-35 519 16-72 (40) 403 (78) Obesity + 0 4 -**

Bistrian (1978) 36 800 - - Obesity + - 0 _ -tt
Heymsfield (1978) 39 10 34-76 (49) 7 (70) Cachexia 0 0 43 >25
Gottdiener (1978) 21 11 12-32 (22) 11 (100) AN 0 0 30 >25

*Immediately preceding period of caloric restriction.
tBody weight at end of caloric restriction.
I'Several."
§Mean decrease in QRS amplitude = 9 mm.
1One to 2 kg/wk.
**One to 3 kg/wk.
ttThree patients showed a mean increase of 29%7 in QRS amplitude after refeeding.
Abbreviations: S = syncope; SD - sudden death; BW = body weight; VT = ventricular tachyeardia; VF - ventricular

fibrillation; LV = low voltage; QTIP = QT-interval prolongation; NI normal; AN = anorexia nervosa; + = positive; - =
information inot available.

number of patients have lost similar amounts of
weight over similar periods of time without having
died (table 3). Thus, it is difficult to draw conclusions
at this time as to whether the massive and precipitous
weight loss in our 17 patients was the primary factor
underlying their electrocardiographic abnormalities
and sudden -death.
An intriguing possibility that might explain both the

arrhythmias and the underlying QT-interval prolonga-
tion is that the rapidity and extent of weight loss that
these dieters experienced induced undefined metabolic
alterations affecting primarily the central nervous
system, and secondarily, the electrical system of the
heart. There is extensive evidence that starvation in-
duces pathologic alterations of the hypothalamic-
pituitary axis of the central nervous system.30 Infor-
mation supporting a critical role for the nervous
system in the genesis of cardiac arrhythmias,40 includ-
ing those related to QT-interval prolongation,8 4145
might provide the link between starvation/semistarva-
tion and secondary electrocardiographic changes.
The pathogenesis of QT-interval prolongation in the

LPMF dieters thus remains enigmatic. Its identifica-
tion, however, may provide not only the key to the
mechanism of QT-interval prolongation in our dieting
patients, but, more important, in patients with QT-

interval prolongation of both the idiopathic and ac-
quired types. Finally, serial electrocardiographic
monitoring, although not failsafe, should be the single
most important aspect of medical supervision in pa-
tients subjected to semistarvation for the treatment of
morbid obesity.
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The Clinical Value of the Calibrated Apical A Wave

and its Relationship to the Fourth Heart Sound

BOUDEWIJN DENEF, M.D., HILAIRE DE GEEST, M.D., AND HUGO KESTELOOT, M.D.

SUMMARY The amplitude of the calibrated apical A wave (A), its first derivative (dA/dt), its normalized
first derivative ( [dA/dt]/A) and its value expressed as a percentage of the total systolic deflection (A/H) were
derived from calibrated left apexcardiograms in 64 normal subjects and in 150 patients with heart disease. A is
significantly increased in patients with pressure and volume overload of the left ventricle, in idiopathic hyper-
trophic subaortic stenosis, in congestive cardiomyopathy and in ischemic heart disease in the presence of left
ventricular asynergy (p < 0.001). In aortic stenosis, A is more sensitive to changes in left ventricular com-
pliance than the A/H ratio. Highly significant correlations exist between A and peak dA/dt in normals (r =
0.98) and in patients with heart disease (r = 0.81-0.99); at an identical A, patients with a dilated left ventricle
have lower values for peak dA/dt and a lower index (peak dA/dt)/A (p < 0.001). As a result, A and peak
dA/dt are considered to be primarily determined by the resistance to ventricular filling during atrial systole. In
the presence of a fourth heart sound (S,), A and peak dA/dt were significantly increased (p < 0.001). A peak
dA/dt value > 6X/sec is always associated with an S. To a certain degree peak dA/dt can differentiate
between a physiologic and pathologic S4. The intensity of S4 depends more on the rate of rise of the A wave
than on its total amplitude.

THE LEFT APEXCARDIOGRAM (LAC) is widely
used to record low-frequency precordial vibrations
over the left precordium, and its value in assessing the
mechanical behavior of the left ventricle has been
repeatedly emphasized.'"'4 The A wave of the LAC
reflects the late diastolic response of the left ventricle
to atrial systole. The height of the A wave expressed as
a percentage of the total systolic deflection of the LAC
has been proposed as an index for the noninvasive
assessment of left ventricular end-diastolic pres-
sure"5, 16 and left ventricular end-diastolic compli-
ance.'7 An abnormal increase of the A-wave ratio has
been found in several types of heart disease,'8-20 but
some patients did not have large A waves despite

From the Department of Cardiology, Sint-Raphael University
Clinic, Leuven, Belgium.

Supported by grant 20332 from the National Fonds voor
Wetenschappelijk Onderzoek, Belgium.

Presented at the 50th Scientific Sessions of the American Heart
Association, Miami Beach, Florida, November 1977.

Address for correspondence: Boudewijn Denef, M.D., Depart-
ment of Pathophysiology, University Clinic Sint-Raphael, Capucij-
nenvoer, 3000 Leuven, Belgium.

Received February 2, 1979; revision accepted May 15, 1979.
Circulation 60, No. 6, 1979.

severe heart disease, and normal A-wave ratios have
been reported in patients with critical aortic stenosis.21
A relationship between the height of the apical A wave
and the presence of a fourth heart sound (S4) has also
been shown.'7 21 Some patients with a definite S4
however, do not have an abnormal A-wave ratio,21 and
the reason for this remains unexplained. Using cali-
brated apexcardiography and a previously described
method,22 we attempted to clarify these problems and
investigate the clinical value of A-wave calibration
and its relation to S4.

Materials and Methods

Calibrated left apexcardiogram tracings (QLACs)
were obtained in 25 normal young subjects (mean age
25 ± 4 years), in 39 normal middle-aged subjects
(mean age 42 ± 9 years) and in 150 patients with heart
disease (mean age 50 ± 12 years). The presence or
absence of an S4 was established prospectively in 103
subjects by means of phonocardiography. In the nor-
mal groups, the absence of heart disease was based on
cardiac catheterization and coronary arteriography in
14 subjects and on clinical evidence in the remainder
(i.e., no previous history of heart disease, normal

1412 CIRCULATION

 by guest on June 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


J M Isner, H E Sours, A L Paris, V J Ferrans and W C Roberts
Observations in 17 patients and the role of the prolonged QT interval.

Sudden, unexpected death in avid dieters using the liquid-protein-modified-fast diet.

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 1979 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/01.CIR.60.6.1401

1979;60:1401-1412Circulation. 

 http://circ.ahajournals.org/content/60/6/1401.citation
the World Wide Web at: 

The online version of this article, along with updated information and services, is located on

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer information about this process is available in the

located, click Request Permissions in the middle column of the Web page under Services. Further
Editorial Office. Once the online version of the published article for which permission is being requested is 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not theCirculationpublished in
 Requests for permissions to reproduce figures, tables, or portions of articles originallyPermissions:

 by guest on June 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/content/60/6/1401.citation
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



