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Background: Familial dysautonomia is a hereditary disease 
characterized by dysfunction of the sensory and autonomic 
nervous systems. Studies in patients with familial dysau- 
tonomia have shown that abnormal cardiac autonomic 
denervation might influence repolarization. Autonomic 
tone also affects atrial conduction parameters and P-wave 
dispersion, which are predictive of atrial fibrillation. 
Objectives: To examine the possible association of familial 
dysautonomia with abnormal atrial conduction and P-wave 
dispersion. 
methods: The study population included 12 patients with  
familial dysautonomia and age and gender-matched control  
subjects. All participants underwent a 12-lead electro- 
cardiogram under strict conditions. P-wave lengths and 
P-wave dispersion were computed from a randomly selected 
beat and an averaged beat using designated computer 
software. 
results: There were no statistically significant differences 
between the groups in minimal, maximal and average P-wave 
duration or P-wave dispersion for a randomly selected beat. 
P-wave dispersion for an averaged beat was also similar. 
During 6 months follow-up, no supraventricular arrhythmias 
were documented in either group. 
conclusions: We found that patients with familial dysau- 
tonomia had P-wave dispersion parameters not significantly 
different from those of controls. Further research is required 
to clarify the effects of dysautonomia on atrial conduction in 
familial dysautonomia. 
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aBstract:

keY wOrds:

F amilial dysautonomia is a rare genetic disease gener-
ally affecting Ashkenazi Jews [1]. It is characterized by 

abnormal development and abnormal function of the sensory 
and autonomic nervous system [1] as well as by progressive 
neural degeneration [2]. Clinical signs may be evident at a 
young age and include hypotonia, eating difficulties, dysregu-

lation of body temperature and skin color, and, in some cases, 
dysautonomic crisis [3]. Cardiovascular autonomic denerva-
tion and dysregulation are common, and blood pressure may 
fluctuate considerably [1,4]. 

P-wave dispersion is defined as the difference between 
the longest and shortest P-wave duration recorded from 
multiple surface electrocardiographic leads [5]. An increase 
in P-wave duration and P-wave dispersion is apparently 
associated with heterogeneity in atrial conduction, posing a 
risk of occurrence and recurrence of atrial fibrillation [5,6]. 
P-wave dispersion was found to be a specific and sensitive 
marker in various clinical settings [5]. Moreover, there is 
evidence that atrial activation is subject to diurnal variations 
and that both atrial activation and P-wave dispersion may be 
influenced by the autonomic nervous system [5]. A study of 
healthy subjects noted an effect of the Valsalva maneuver on 
P-wave duration [7]. 

In a recent study of patients with familial dysautonomia, 
our group reported that cardiac anatomic abnormalities, 
namely cardiac remodeling and ventricular hypertrophy, were 
not unusual and were probably attributable to paroxysmal 
hypertension and autonomic dysfunction [1]. Furthermore, 
we noted abnormal repolarization parameters, possibly 
induced by the autonomic denervation [8]. Encouraged by 
these findings, we sought to evaluate atrial ECG parameters 
in patients with familial dysautonomia and to quantify the 
possible consequences of the autonomic dysfunction on atrial 
conduction. 

Patients and metHOds 

A comparative case series design was used. The research proto- 
col was approved by the hospital’s Institutional Review Board. 
All participants gave written informed consent.

The study group consisted of 12 patients with familial dys-
autonomia. Diagnosis was based on the presence of cardinal 
clinical features [9] and positive genetic testing. None of the 
patients had an additional acute or chronic clinical condition, 
nor were drugs taken to influence the electrocardiogram or 
heart rate. Twelve healthy subjects matched for gender and 
age served as controls.



Original articles

730 

IMAJ • VOL 12 • DECEMbEr 2010

PrOcedure 

Participants were asked to avoid smoking or intake of caf-
feinated beverages or other stimulants for 3 hours prior to 
the study and to avoid strenuous exercise for 24 hours prior 
to the study. The test was conducted between 4 and 6 p.m. 
to avoid circadian influences on ECG parameters. Room 
temperature was maintained at 20–23ºC. Participants were 
asked to lie motionless for 10 minutes.

Electrodes were placed in anatomic positions according to 
routine procedure. ECG strips were recorded with a standard 
device for 10 seconds with the patient in a resting supine posi-
tion. Inadequate quality readings were repeated. P-wave length 
was measured from all leads with custom-made computer 
software validated for accuracy and consistency. Subsequently, 
results were manually reevaluated by an investigator blinded 
to the clinical data and the automated results. In cases of dis-
agreement between automated and manual measurements, the 
ECGs were reevaluated by another investigator, and the results 
of the two manual measurements were averaged. The maximal, 
minimal and average P-wave lengths were computed from one 
randomly selected beat in a steady state. P-wave dispersion was 
then calculated by subtracting the minimal P-wave length from 
the maximal P-wave length from 12 leads. In addition, 7–12 
beats were averaged during the 10 seconds of ECG measure-
ments. P-wave dispersion was computed for an averaged beat in 
a similar manner. Patients were followed for 6 months. 

statistical analYsis 

Data were analyzed with Microsoft Excel version 2003 
(Microsoft Corp., Seattle, WA, USA) and JMP version 7.0 (SAS 
Institute, Cary, NC). The results are presented as mean and 
standard deviations. Abnormal results were defined as more 
than 2 standard deviations from the normal range. Student 
t-test was used to compare results between the groups. A P 
value < 0.05 was considered statistically significant.

results 

The mean age of the study group was 24.1 ± 11.4 years, and 
of the control group 23.5 ± 9.3 years (P = 0.9). The calculated 
P-wave length and P-wave dispersion parameters for the two 
groups are shown in Table 1. There was no statistically sig-
nificant difference between groups in maximal, minimal and 
average P-wave length for a randomly selected beat. In addi-
tion, P-wave dispersion was similar in the two groups, both 
for a randomly selected beat (24.7 ± 7.6 ms in the study group, 
22.5 ± 8 ms in the control group, P = 0.5) and for an averaged 
beat (26.3 ± 11.9 ms and 24.3 ± 8.1 ms, respectively, P = 0.6). 
The maximal P-wave length in the control group was similar to 
values reported in previous studies [10,11]. During 6 months 
of follow-up, no case of atrial fibrillation or other supraven-
tricular arrhythmia was documented in either group. 

discussiOn 

Atrial conduction is highly influenced by the autonomic ner-
vous system. In a study of healthy subjects, isoproterenol and 
atropine were found to significantly shorten P-wave duration 
whereas epinephrine and beta-adrenegic receptor blocking 
agents significantly prolonged it [12]. 

An earlier study reported that the Valsalva maneuver can 
normalize high P-wave dispersion in patients with paroxys-
mal atrial fibrillation [7]. Interestingly, in normal subjects, 
the Valsalva maneuver caused an increase in P-wave duration 
and P-wave dispersion [7].

In patients with familial dysautonomia, the autonomic 
dysfunction is attributable to involvement of the interme-
diolateral spinal column and sympathetic ganglia. While the 
sympathetic system is usually highly affected [13], the para-
sympathetic abnormalities are usually less severe [2]. Patients 
with familial dysautonomia lack a normal heart rate response 
to autonomic stimuli, such as deep breathing [2]. Evaluation 
of the papillary light reflex in patients with familial dysau-
tonomia yielded both sympathetic and parasympathetic 
abnormalities [13]. Moreover, heart rate variability studies in 
familial dysautonomia found that some patients have abnor-
mal parasympathetic and sympathetic cardiac tone [14]. On 
functional imaging, post-ganglionic cardiac sympathetic 
fibers were also diminished [15]. Nevertheless, the present 
study showed that patients with familial dysautonomia do 
not have statistically significant prolonged P-wave length or 
P-wave dispersion compared with normal controls, despite 
the evident dysautonomia. 

The mean P-wave dispersion calculated from a randomly 
selected beat in patients with familial dysautonomia and in 
controls was lower than 40 msec, which is considered nor-
mal [5,16]. This might indicate a lack of tendency towards 
abnormal atrial conduction in familial dysautonomia. The 
mean value of P-wave dispersion calculated from an averaged 
beat in familial dysautonomia patients was also lower than 

Familial 
dysautonomia 
(n=12)

control 
(n=12) P value

Age (yrs) 24.1 ± 11.4 23.5 ± 9.3 NS

Maximal P (ms) 100.5 ± 11.1 107.3 ± 10.2 NS

Minimal P (ms) 75.8 ± 10.0 84.8 ± 11.4 NS

Average P (ms) 90.4 ± 10.8 97.6 ± 8.9 NS

P dispersion (ms) 24.7 ± 7.6 22.5 ± 8.0 NS

Averaged P dispersion (ms) 26.3 ± 11.9 24.3 ± 8.1 NS

table 1. P-wave length and P-wave dispersion in patients with 
familial dysautonomia compared to control subjects 

NS = not significant (P > 0.05)
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40 msec. The lack of statistically significant higher P-wave 
dispersion in familial dysautonomia compared with controls 
and a mean value of averaged P-wave dispersion lower than 
40 msec are supported by the lack of classical risk factors for 
atrial fibrillation or documentation of a higher prevalence 
of atrial fibrillation in patients with familial dysautonomia. 
Furthermore, during follow-up in the present study, no 
supraventricular arrhythmia was noted in either the study 
or control group. 

studY limitatiOns

Our study group was relatively small because of the low prev-
alence of familial dysautonomia. Axelrod [15] verified great 
variability in clinical expression of familial dysautonomia. We 
are thus unable to establish if the results would have been 
different had we selected patients with a unique phenotype 
or patients with more severe abnormalities in autonomic 
nervous system function. 

Although P-wave dispersion has proven to be a sensitive 
and specific predictor of supraventricular arrhythmias, there 
is no single standardized method for its calculation [5], which 
limits the comparison between different studies. 

cOnclusiOns

The present study is the first to evaluate atrial conduction 
parameters and P-wave dispersion in patients with familial 
dysautonomia. We found that P-wave length and P-wave 
dispersion in familial dysautonomia patients were similar 
to those of healthy controls. Further larger-scale, long-term 
studies with extended follow-ups are needed to clarify the 
effects of autonomic maneuvers on atrial conduction param-
eters in familial dysautonomia. The prolonged P-wave aver-
aging technique and echocardiographic assessment of the 
atrium might be of value in future investigations. 
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Taxol, a minor chemical constituent of yew tree bark, has 
provided a potent cancer treatment. Production methods 
presently rely on plant cell cultures. Ajikumar and co-workers 
engineered Escherichia coli cells to produce a key taxol 
precursor, in which the polycyclic carbon skeleton is intact. 
The approach relied on optimizing the relative activity of two 
pathways, the first of which synthesized isoprenoid building 

blocks that were then stitched together with the second 
pathway. Accumulation of indole as a by-product inhibited 
the isoprenoid pathway – an insight that should facilitate 
more efficient engineered biosynthesis of a wide range of 
commercially important isoprenoid derivatives.
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