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Alteration of autonomic nervous system regula-
tion is known to be present in the persistent veg-
etative state after traumatic brain injury, termed 
the dysautonomic syndrome. This study assessed 
the circadian blood pressure and heart rate pat-
tern and variability in the persistent vegetative 
state through noninvasive 24-hour ambulatory 
blood pressure monitoring. The study was per-
formed in 20 subjects: 10 patients (six men and 
four women; mean age, 29.5±9.9 years; range, 
19–39 years) in a vegetative state (mean, 27.3±5.6 
days after trauma) and 10 healthy subjects as con-
trols (six men and four women; mean age, 28±5.7 
years; range, 29–37 years). The patients showed 
a blood pressure nondipper pattern; 24-hour, 
daytime, and nighttime values of blood pressure 
and heart rate were significantly higher in patients 
than in controls. The day–night difference in 
heart rate and blood pressure was also signifi-
cantly lower in patients. Finally, SD and variation 
coefficients were significantly lower in patients. 
The results show changes in the variability and 

circadian blood pressure and heart rate patterns 
in persistent vegetative state patients with dysau-
tonomic syndrome, as an expression of the sym-
pathetic–parasympathetic activity imbalance in 
the control of vasomotor tone. (J Clin Hypertens. 
2005;7:734–739) ©2005 Le Jacq Ltd.

In normotensive subjects, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and heart 

rate (HR) are characterized by a circadian pattern, 
with higher values of blood pressure (BP) and 
HR during the daytime and lower pressure and 
bradycardia during the nighttime.1 An important 
physiologic mechanism behind this circadian BP 
and HR pattern is the day–night variation in the 
activity of the autonomic nervous system (ANS), 
which is under the influence of various intrinsic 
and extrinsic factors.2,3 BP and HR variability is 
modulated by both intrinsic cyclic vasomotion and 
the impact of physical and mental activity4 and is 
inversely related to its primary determinant, baro-
receptor reflex sensitivity.5 The role of the ANS in 
the generation of the BP and HR circadian pattern 
is also shown when ANS function is affected. In 
particular, ANS dysfunction is present in patients 
in a persistent vegetative state after traumatic brain 
injury.6 In these patients, autonomic function is 
worsened by prolonged bed rest and neurosenso-
rial deafferentation, leading to changes includ-
ing tachycardia, tachypnea, paroxysmal increases 
in temperature and BP, increased muscle tone, 
profuse sweating, and decerebrate or decorti-
cate posturing. This syndrome has been termed 
the autonomic dysfunction syndrome,7 brainstem 
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attack,8 or autonomic or sympathetic storming,9 
but the most common term is dysautonomia.10 
Dysautonomia seems to be a distinct syndrome 
associated with a poorer outcome in patients after 
traumatic brain injury.

The literature concerning dysautonomic syn-
drome and traumatic brain injury consists of a 
small series of case reports. Previous studies have 
not documented well the natural history, phys-
iopathologic alterations, or outcomes in patients 
with dysautonomia. A previous report suggests 
that dysautonomic syndrome can be divided into 
three phases.6 In the first phase, dysautonomia is 
clinically silent in patients with traumatic brain 
injury; generally it is revealed in the first week 
after trauma. During the second phase there are the 
main physiopathologic alterations known as the 
dysautonomic syndrome, with an average duration 
of 74 days after injury. In the third phase, dystonia 
and spasticity of varying severity are seen.

The aim of our study has been to analyze the 
circadian SBP, DBP, and HR changes and variabil-
ity in a group of patients in a persistent vegetative 
state after traumatic brain injury who presented in 
the second phase of the dysautonomic syndrome.

METHODS
Subjects
We evaluated the circadian SBP, DBP, and HR 
pattern in 20 subjects, 10 patients (six men and 
four women; mean age, 29.5±9.9 years; range, 
19–39 years) who were admitted to our hospital 
in a persistent vegetative state after traumatic 
brain injury due to car accidents (mean, 27.3±5.6 
days after trauma), compared with 10 healthy 
normotensive subjects as a control group (six men 
and four women; mean age, 28±5.7 years; range, 
29–37 years). All patients were subjected to a 
careful clinical history and physical examination. 
Patients were excluded from the study if they had 
any major disease and/or clinical manifestations of 
cardiac or vascular disease. 

The patients included in our study were breath-
ing spontaneously and did not have bulbopontine 
lesions evaluated through computed tomography 
or magnetic resonance imaging. Evidence support-
ing the diagnosis of diffuse axonal injuries included 
intraventricular hemorrhage, diffuse cerebral edema, 
and multiple subcortical white matter or brain-
stem hemorrhages. The hypothalamic and encephalic 
trunk functions were preserved. The dysautonomic 
syndrome diagnosis was made by two experienced 
neurologists, defined as simultaneous, paroxysmal 
increases in at least five out of the seven reported 

features of dysautonomia (tachycardia, tachypnea, 
increases in temperature and BP, posturing, dystonia, 
and sweating), with episodes persisting for at least 
2 weeks after injury.6 In our patients, no history of 
hypertension was present and the renal function and 
plasma electrolytes were normal. The clinical condi-
tions and the levels of activity (vigilance, cognitive 
ability, functional autonomy) were evaluated through 
the Disability Rating Scale (DRS)11 and the severity of 
head trauma was evaluated by Glasgow Coma Scale 
(GCS)12 (Table I). Because hospital protocol was to 
discontinue medications on admission, patients tak-
ing drugs could be included as long as our recordings 
were made at least 24 hours after the last dose.

Ambulatory BP and HR Monitoring
All 20 subjects underwent two consecutive ambu-
latory BP monitoring (ABPM) sessions of at least 
24 hours using an automatic auscultatory device, 
Takeda TM2420 (A&D Medical, Tokyo, Japan), and 
the average of these measurements was recorded. BP 
and HR were monitored every 15 minutes between 
7 a.m. and 10 p.m. and every 30 minutes during the 
night.13 The SBP, DBP, and HR averages were also 
recorded over 24 hours, with daytime and nighttime 
values being recorded according to the Pressioni 
Arteriose Monitorate e Loro Associazioni (PAMELA) 
study.14 We accepted recordings as valid when the 
rate of artifacts was <15% and the recording lasted 
for 20 hours continuously. The circadian rhythm was 
evaluated by the differences of the mean SBP, DBP, 
and HR during daytime and nighttime intervals. The 
SD and the variation coefficient (VC) of the mean 
values (SD/mean × 100) were taken, respectively, as 
measures of absolute and normalized short-term vari-
ability of the signals.

Data Analyses
Data are expressed as mean ± SD and as the mean 
of the VC. Statistical comparisons between BP and 
HR measurements were made with a paired two-

Table I. Characteristics of Patients and Control Group

PARAMETERS 
PATIENTS 

(MEAN ± SD)
CONTROLS 

(MEAN ± SD)
Number 10 10
Days after trauma 27.3±5.6 NA
Age (yr) 29.5±9.9 28±5.7
Male/female ratio 6/4 6/4
Glasgow Coma Scale 4.4±0.7 NA
Disability Rating Scale 25.5±0.7 NA
Body mass index (kg/m2) 23.6±2.1 22.6±0.3
NA=not applicable

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq Ltd., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2005 by Le Jacq Ltd., All rights reserved. No part of this publication may be 
reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions 
and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Sarah Howell at 
showell@lejacq.com or 203.656.1711 x106.



THE JOURNAL OF CLINICAL HYPERTENSION VOL. 7  NO. 12  DECEMBER 2005736

tailed t test, and the mean difference between the 
measurements compared. A value of p<0.05 was 
considered to indicate statistical significance. We 
used the statistical program Microsoft Excel Win 
Office XP (Microsoft Corporation, Redmond, 
WA) for the purpose of statistical data analyses.

RESULTS
Clinical characteristics of the patients and controls 
are given in Table I. As Table II shows, the patients 

had 24-hour and nighttime values of SBP signifi-
cantly higher than the controls, while daytime SBP 
values was higher in the patients; this difference 
was not significant. A significant difference in the 
24-hour, daytime, and nighttime values of DBP 
between control group and patients was observed. 
The 24-hour, daytime, and nighttime values of HR 
were significantly higher in patients than in the 
controls. Patients did not show a physiologic noc-
turnal SBP and DBP decrease, which defines these 
subjects as “nondippers” (Figure 1).

For patients, the SD was significantly lower for 
SBP 24-hour and daytime intervals, but was similar 
for the nighttime period. The SD of 24-hour DBP 
values between patients and controls did not differ. 
The SD for HR was also significantly lower for the 
patients than for the controls (Figure 2, top). Twenty-
four-hour, daytime, and nighttime VC were signifi-
cantly lower in the patients (Figure 2, bottom).

Finally, Figure 3 shows circadian rhythm data. 
Day–night differences of SBP, DBP, and HR were 
significantly lower in patients.

DISCUSSION
This study shows that the dysautonomic syndrome 
after traumatic brain injury is associated with an 
alteration in the circadian BP and HR pattern. The 
24-hour ABPM patients’ analysis shows a pattern 
without a nocturnal BP fall ≥10%. This nondip-
per phenomenon is associated with an increased 
occurrence of cardiovascular events and a higher 
incidence of end-organ damage in hypertensive 
subjects.15 Although the mechanisms responsible 
for a nocturnal decrease of BP are not fully under-
stood, withdrawal of sympathetic activity seems 
to play a pivotal role; the circadian pattern of 
catecholamines is similar to that of BP.16 Lack or 
attenuation of a circadian pattern in BP and HR 

Table II. Values of 24-Hour, Daytime, and Nighttime 
Ambulatory SBP, DBP, and HR in Patients and Controls
PARAMETERS PATIENTS CONTROLS P VALUE
24-hour

SBP, mean (mm Hg) 125.8 114.3 <0.01
SBP, SD (mm Hg) 9.9 16.8 <0.01
DBP, mean (mm Hg) 81.4 69.8 <0.01
DBP, SD (mm Hg) 10.4 12.8 NS
HR, mean (bpm) 90.0 78.5 <0.01
HR, SD (bpm) 8.8 14.9 <0.01

Daytime
SBP, mean (mm Hg) 124.3 118.4 NS
SBP, SD (mm Hg) 10.6 15.4 <0.01
DBP, mean (mm Hg) 82.9 72.8 <0.01
DBP, SD (mm Hg) 8.5 12.3 <0.03
HR, mean (bpm) 89.3 82.6 <0.05
HR, SD (bpm) 7.5 13.8 <0.01

Nighttime 
SBP, mean (mm Hg) 129.0 102.8 0.01
SBP, SD (mm Hg) 9.9 11.4 NS
DBP, mean (mm Hg) 81.5 61.0 <0.01
DBP, SD (mm Hg) 7.3 9.4 <0.03
HR, mean (bpm) 87.8 66.8 <0.01
HR, SD (bpm) 5.0 10.7 <0.01

SBP=systolic blood pressure; DBP=diastolic blood pressure; 
HR=heart rate; NS=nonsignificant
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Figure 1. Twenty-four hour, daytime, and nighttime mean ± SD values for systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and heart rate (HR) in 20 subjects. Solid bars indicate patients; open bars indicate controls. 
*p<0.01; **p<0.05
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has been reported in secondary forms of hyper-
tension associated with abnormal sympathetic 
nervous activities17 and autonomic nervous fail-
ure,18 further indicating that an autonomic ner-
vous abnormality is associated with the nondipper 
phenomenon. Previous reports have shown that an 
advanced impairment of the ANS is responsible for 
the absence of the nocturnal BP fall.19–22 This is 
also noted in vascular dementia,23 Alzheimer-type 
dementia,24 cerebral atrophy,25 cerebrovascular 
disease,26–30 and ischemic arterial disease after 
carotid endarterectomy.31 

One might speculate that the balance between 
sympathetic and parasympathetic activity in the 
control of vasomotor tone could be shifted toward 
a vagal decrease with sympathetic predominance 
during the nighttime hours. This hypothesis is sup-
ported by the evidence of a higher HR in patients. 
This could reflect a decrease in cardiac vagal tone, 
leading to a predominance of the chronotropic 

sympathetic tone. An increase in HR has also 
been observed in the early phase of the autonomic 
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Figure 2. SDs and variation coefficients of 24-hour, daytime, and nighttime mean ± SD values for systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), and heart rate (HR) in 20 subjects. Solid bars indicate patients; open bars 
indicate controls. *p<0.01; **p<0.03
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rate (HR) in 20 subjects. Solid bars indicate patients; 
open bars indicate controls. *p<0.01

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq Ltd., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2005 by Le Jacq Ltd., All rights reserved. No part of this publication may be 
reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions 
and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Sarah Howell at 
showell@lejacq.com or 203.656.1711 x106.



THE JOURNAL OF CLINICAL HYPERTENSION VOL. 7  NO. 12  DECEMBER 2005738

neuropathy of diabetes mellitus.32 We speculated 
that in the persistent vegetative state after traumat-
ic brain injury, as in diabetes mellitus, parasympa-
thetic impairment could precede the development 
of sympathetic dysfunction.

We recorded a very low variability in SBP and 
DBP (expressed as SD and VC) in our patients. 
Several studies have shown that end-organ damage 
and cardiovascular complications are more closely 
associated and more severe in subjects with higher 
24-hour BP variability, expressed as mean of the SD 
and as VC.33–36 In a previous report, Kohara and 
coworkers37 showed that autonomic dysfunction 
may be involved in the increased cardiovascular 
events in nondipper essential hypertensive subjects. 
In patients, lower BP variability could play a pro-
tective role against cardiovascular complications, 
apparently in contrast with circadian rhythm data. 
We assumed that the nondipper pattern in patients 
with persistent vegetative state after traumatic 
brain injury and dysautonomic syndrome may 
have a different significance than in hypertensive 
patients. In our patients, the circadian rhythm was 
characterized by a lower parasympathetic tone 
and a predominance of sympathetic tone; this new 
balance between sympathetic and parasympathetic 
activity is expressed as a nondipper pattern associ-
ated with lower BP and HR variability.

Our study had several limitations. The study 
involved a small number of patients and did not 
evaluate the plasma catecholamine concentrations. 
Future directions for research should be focused on 
comparing ABPM patterns of severe-outcome trau-
matic brain injury patients with ABPM patterns of 
better-outcome traumatic brain injury patients to 
evaluate whether the alteration in circadian BP and 
HR pattern might represent a prognostic marker.

CONCLUSIONS
Our study shows an altered circadian BP and HR 
pattern in patients in a persistent vegetative state 
after traumatic brain injury, with higher SBP, DBP, 
and HR values and lower variability when com-
pared with healthy subjects. In persistent vegeta-
tive patients after traumatic brain injury, ABPM 
can study the changes in the circadian BP and HR 
pattern and could represent a useful adjunct to 
the commonly used tests for the quantification, 
pharmacotherapy, and rehabilitation management 
of patients in a persistent vegetative state with dys-
autonomic syndrome.
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