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Abstract

Purpose To determine whether frontotemporal lobar
degeneration (FTLD) is associated with similar cardiovas-
cular autonomic dysfunction to that seen in amyotrophic
lateral sclerosis (ALS), we compared cardiovascular
parameters between ALS patients and patients with FTLD.
Methods In ten patients with FTLD (mean age £ SD:
71.6 &+ 4.6 years) and 12 patients with ALS (mean
age £ SD: 71.4 £ 4.6 years), MSNA (using microneurog-
raphy), heart rate (HR), and blood pressure (BP) were recor-
ded simultaneously.

Results MSNA was significantly higher in both groups of
patients compared with the controls (p < 0.01), while there
were no significant differences in MSNA between the
patients with FTLD and those with ALS. During head-up
tilt, changes in HR, BP, and the frequency of MSNA bursts
were smaller in the patients than in controls (p < 0.05 or
p < 0.01).

Conclusions Patients with FTLD and ALS showed similar
dysfunction of HR, BP, and sympathetic outflow to muscles.
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Abbreviations
ALS Amyotrophic lateral sclerosis

FTLD  Frontotemporal lobar degeneration
PA Progressive nonfluent aphasia

HR Heart rate

MBP Mean blood pressure

MSNA Muscle sympathetic nerve activity
IRB Institutional review board
Introduction

Although traditionally, frontotemporal lobar degeneration
(FTLD) and amyotrophic lateral sclerosis (ALS) have been
considered distinct disorders (the first one featuring cog-
nitive dysfunction and language disturbance and the latter
featuring progressive muscle atrophy and weakness),
growing evidences suggest that FTLD signs can be seen in
patients primarily diagnosed with ALS, implying clinical
overlap among these two disorders [3, 11]. Similarly,
pathological and genetic studies suggest that both disorders
are intimately linked [1-3, 5, 10]. Investigations of car-
diovascular autonomic function in ALS have disclosed
increased resting heart rate (HR), increased daily fluctua-
tions of blood pressure (BP), and increased sympathetic
outflow to muscles and skin [6, 9, 12, 13, 16]. Preliminary
studies of cardiovascular autonomic function in patients
with FTLD show some similarities to those in ALS
patients, including increased daily fluctuation of BP and
orthostatic hypotension in some patients [8, 10, 14, 15].
Accordingly, we aimed to determine whether MSNA is
abnormal in ALS and FTLD, and whether abnormalities of
cardiovascular autonomic function are similar in the two
groups.
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Materials and methods
Subjects

A cross-sectional study was performed in patients with
FTLD and ALS regularly going to our hospital. The FLTD
group was ten patients with FTLD (3 men and 7 women;
mean age £+ SD: 71.6 £ 4.6 years; range: 65-79 years).
The mini mental state examination (MMSE) score ranged
from 16 to 22 (mean: 19.2 + 2.3), and all patients were
diagnosed as having progressive nonfluent aphasia (PA)
according to the consensus criteria of Neary et al. [4]. The
interval from the onset of PA to this study ranged from 1 to
3 years. None of them had symptoms related to the car-
diovascular system.

The ALS group was 12 patients with ALS (4 men and
8 women; mean age £ SD: 71.4 £ 4.6 years; range: 64
to 78 years), in whom Jablecki disability score ranged
from 8 to 29 (mean: 16.9 £ 6.4). All 12 patients had
clinically definite sporadic ALS according to the El
Escorial criteria. The initial symptoms were cervical in 9
patients and bulbar in 3 patients. None of them had pain
or neuropathy. The MMSE score ranged from 26 to 30
(mean: 28.3 £ 1.5) and cognitive impairment was not
observed in any of the patients based on the results of
the Wechsler Memory Scale-Revised, Wisconsin Card
Sorting Test, and Boston Naming Test. Nerve conduc-
tion studies were normal, while electromyography
revealed neurogenic changes of the bulbar muscles and
the muscles in all extremities. All patients had mild-to-
moderate bulbar signs and were able to walk unaided.
PaO, was greater than 70 Torr, PaCO, was less than
45 Torr, and forced vital capacity exceeded 70 % of the
predicted value in all patients. The interval from the
onset of ALS to this study ranged from 8 to 42 months.
None of the patients had symptoms related to the car-
diovascular system.

None of the patients had dyspnea at rest, and none of
them had concurrent disorders such as hypertension, car-
diovascular disease, or cerebrovascular disease. Drugs that
might have an influence on the autonomic nervous system,
such as muscle relaxants, vasodilators, narcotics, or
antidepressants, were discontinued 2 days before the study.

The control group consisted of 16 healthy volunteers (5
men and 11 women; mean age + SD: 71.9 £ 5.9 years;
range: 6279 years). Their MMSE scores ranged from 27
to 30 (mean: 28.6 &+ 1.2).

MSNA, HR, and BP recording

Muscle sympathetic outflow was recorded by microneu-
rography after written informed consent was obtained from
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each subject. The procedure was approved by the local
IRB. Subjects were tested in the supine position. MSNA
was recorded directly from the peroneal nerve in the right
popliteal fossa using tungsten microelectrodes. Neuro-
grams were obtained by using the methods and instruments
described previously [13]. Identification of MSNA was
based on the following three criteria: (1) spontaneous and
pulse-synchronous rhythmic burst discharges; (2) modula-
tion of the bursts by spontaneous respiration; and (3)
marked accentuation of the bursts by an increase of
intrathoracic pressure such as with the Valsalva maneuver.
The electrodes were connected to a preamplifier (DAMS50,
WPI, Sarasota, FL) using a gain of 100 and to an amplifier
(AVM-10, Nihon Kohden, Japan) with a gain of 500. A
band-pass filter of 500-2000 Hz was used. To obtain the
mean voltage neurogram, the filtered neurogram was fed
into an RC integrating unit (EI-601G, Nihon Kohden,
Japan) using a time constant of 0.1 s.

The electrocardiogram (ECG) was recorded using chest
wall electrodes and HR was monitored from the ECG. BP
was continuously recorded and measured with a tonometric
device (Jentow, Nihon Kohlin, Japan). The tonometric
sensor was attached to the wrist, which was kept at the
level of the right atrium. The ECG, BP, and MSNA were
monitored with an oscilloscope (VC-10, Nihon Kohden,
Japan) and data were recorded simultaneously on a thermal
array recorder (RTA-1200, Nihon Kohden, Japan) at a
paper speed of 5 mm/s. After a 15-min acclimatization
period, recording of resting data was performed for 30 min.
In order to compare the response of MSNA to baroreflex
modulation, the patients and control subjects were posi-
tioned with the head tilted up on an electric tilt table set at
an angle of 30° when this was possible. At this angle, ALS
patients with muscular weakness in the lower extremities
could still support themselves unaided. The tilt maneuver
was performed in all subjects, except for 2 ALS patients
whose microelectrodes fell out immediately after tilting.
HR, BP, and MSNA were monitored simultaneously for
30 min at rest and during 30° head-up tilt.

Measurement and analysis

MSNA was quantified by calculating the frequency of
bursts of sympathetic activity (MSNA burst frequency:
bursts/100 heart beats). Data on the HR, BP, and MSNA
were averaged over 1-min periods for a total of 10 min.
Investigators who were blinded to the groups of the sub-
jects identified MSNA bursts by inspection of the mean
voltage neurogram. For assessment of BP, mean BP (MBP)
was calculated as diastolic BP+1/3 x (systolic BP — di-
astolic BP). Changes of HR, BP, and MSNA were
expressed as delta values (A).
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The data were entered in a computer (PD-E 550, Sharp,
Japan) for analysis. Results are expressed as the
mean £ SD. Differences were evaluated by the Kruskal—
Wallis test and post hoc comparisons with separate Mann—
Whitney tests (SPSS 19. 0.1 for Mac, IBM Inc.). p < 0.05
was considered to indicate statistical significance.

Results

Representative recordings of MSNA obtained in patients
with FTLD and ALS, as well as in a healthy control sub-
ject, are displayed in Fig. 1. Both patients showed an
increase of MSNA bursts compared with the control sub-
ject. The mean values of HR, MBP, and MSNA averaged
over 1-min periods for a total of 10 min in the three groups
are listed in Table 1. There were no differences in resting
HR and BP between the patients and controls (Table 1).

Fig. 1 Representative A
recordings in a 79-year-old

healthy male volunteer (a), a
69-year-old male with FTLD
(b) and a 69-year-old female

While the MSNA burst frequency was significantly higher
in both groups of patients compared with the controls
(p < 0.01) (Table 1), there were no significant differences
in MSNA between the patients with FTLD and those with
ALS. During head-up tilt, changes in HR, BP, and the
MSNA burst frequency were smaller in the patients than in
controls (p < 0.05 or p < 0.01) (Table 1).

Discussion

The present study showed that resting MSNA was
increased in patients with FTLD or ALS compared with
age-matched controls, although there were no significant
differences in HR and BP. The two groups of patients
showed no significant differences in HR, BP, or MSNA
either at rest or during head-up tilt. The reason why ele-
vated MSNA was not associated with an increase of BP or
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Table 1 Comparison of mean

values between patients with FTLD (n = 10) ALS (n = 12) Controls (n = 16) p values
FTLD, ALS and control Age (years) 71.6 + 4.6 714 + 4.6 719 + 5.9 0.8639
subjects in each parameter
At rest
HR (/min) 73.1 £ 122 735 £ 11.3 76.5 £ 10.6 0.4820
MBP (mmHg) 92.6 £ 11.6 949 £ 19.3 93.0 £ 24.2 0.8898
MSNA (b/100 HB) 83.4 £+ 13.9* 812 4+ 12.8° 62.8 + 14.1 0.0013
Head-up tilting
AHR (/min) +25 £ 1.2° +34 4+ 224 +79 £ 4.2 0.0376
AMBP (mmHg) +11.5 £3.2° +9.0 + 1.0¢ +154 £ 10.8 0.0389
AMSNA (b/100 HB) +2.8 +£ 1.0° +3.8 +2.1° +79 £42 0.0057

HR heart rate, MBP mean blood pressure, MSNA muscle sympathetic nerve activity, b bursts, HB heart
beats, A increment for each parameter, FTLD frontotemporal lobar degeneration, ALS amyotrophic lateral
sclerosis, p values p values for Kruskal-Wallis test

? p < 0.01 (FTLD vs. controls)
® p < 0.01 (ALS vs. controls)
¢ p < 0.05 (FTLD vs. controls)
4 p <0.05 (ALS vs. controls)

HR is possibly that a continuous increase of sympathetic
outflow to muscles causes down-regulation of the vaso-
constrictor response of intramuscular vessels because of
reduced sensitivity of peripheral a-adrenoceptors, as sug-
gested by the blunted response of BP to intravenous
administration of norepinephrine reported previously in
ALS [12, 13, 16].

Several researchers have investigated autonomic function
related to the cardiovascular system and muscle sympathetic
outflow in ALS by performing physiological and pharma-
cological studies. The findings included an increase of rest-
ing HR, a reduced BP response to standing, increased daily
fluctuation of HR or BP, and chronotropic insufficiency and
lack of norepinephrine release upon head-up tilt [12, 16].
However, most investigators have found little or no
impairment of cardiovascular autonomic function in relation
to regulation of HR and BP. Regarding sympathetic regu-
lation of BP, two studies indicated that resting MSNA is
significantly increased in ALS patients compared with
healthy subjects and patients with other neuromuscular dis-
eases [0, 13], while the another study showed that the base-
line blood pressure and MSNA variables did not differ
between ALS patients and healthy controls [7]. In addition,
sympathetic overactivity was confirmed by cardiac MIBG
scintigraphy [17]. It has been proposed that sympathetic
overactivity due to the central mechanism contributes to
autonomic dysfunction in ALS [6, 12, 13, 16].

Some investigators have mentioned autonomic symptoms
in patients with FTLD, including urinary incontinence,
hypotension, and increased daily fluctuation of BP [8, 10, 14,
15]. Passant et al. and Struhal et al. reported that patients with
frontotemporal dementia (a subtype of FTLD) exhibited a
significantly increased frequency of orthostatic hypotension

@ Springer

[8, 15]. Although there is a paucity of other reports on car-
diovascular function in FTLD, and secondary causes such as
dehydration, anemia, and deconditioning may contribute to
the occurrence of orthostatic hypotension, the present study
revealed that changes of HR, BP, and MSNA during head-up
tilt were significantly attenuated in FTLD. It is possible that
sympathetic overactivity detected in the present study con-
tributes to HR elevation, orthostatic hypotension, and
increased daily fluctuation of BP in patients with ALS and
FTLD. Furthermore, symptoms associated with HR or BP
might be masked by dementia or aphasia in patients with
FTLD. Although the central mechanism involved remains
unknown, pathological changes of the limbic system in the
medial temporal lobe (frequently affected in FTLD) might
have the effect on the cardiovascular system. In conclusion,
further investigations of cardiovascular function in patients
with other subtypes of FTLD will be needed to clarify
whether or not there are similarities of autonomic dysfunc-
tion between ALS and FTLD.

Compliance with ethical standards

Conflict of interest The authors report no financial or non-financial
conflicts of interests associated with this study.

Source of funding No funding was received for this study other
than that of the author’s institution.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Clin Auton Res (2016) 26:1-5

References

. Arai T, Hasegawa M, Akiyama H, Ikeda K, Nonaka T, Mori H
(2006) TDP-43 is a component of ubiquitin-positive tau-nega-
tive inclusions in frontotemporal lobar degeneration and amy-
otrophic lateral sclerosis. Biochem Biophys Res Commun
351:602-611

. Gijselinck I, Langenhove TV, van der Zee J, Sleegers K, Philtjens
S, Kleinberger G (2012) A C9orf72 promoter repeat expansion in
a Flanders-Belgian cohort with disorders of the frontotemporal
lobar degeneration-amyotrophic lateral sclerosis spectrum: a gene
identification study. Lancet Neurol 11:54-65

. McCluskey LF, Elman LB, Martinez-Lage M, Van Deerlin V,
Yuan W, Clay D (2009) Amyotrophic lateral sclerosis-plus syn-
drome with TAR DNA-binding protein-43 pathology. Arch
Neurol 66:121-124

. Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S
(1998) Frontotemporal lobar degeneration, a consensus on clini-
cal diagnostic criteria. Neurology 51:1546-1554

. Neumann M, Sampathu DM, Kwong LK, Truax AC, Micsenyi
MC, Chou TT (2006) Ubiquitinated TDP-43 in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis. Science
314:130-133

. Nygren I, Fagius J (2011) High resting level and weak response
of baroreflex-governed sympathetic outflow in amyotrophic lat-
eral sclerosis. Muscle Nerve 43:432-440

. Oey PL, Vos PE, Wieneke GH, Wokke JHJ, Blankestijn PJ,
Karemaker JM (2002) Subtle involvement of the sympathetic
nervous system in amyotrophic lateral sclerosis. Muscle Nerve
25:402-408

. Passant U, Warkentin S, Gustafson L (1997) Orthostatic
hypotension and low blood pressure in organic dementia: a study
of prevalence and related clinical characteristics. Int J Geriat
Psychiatry 12:395-403

10.

11.

12.

13.

14.

15.

16.

17.

. Pavlovic S, Stevic Z, Milovanovic B, Milicic B, Rakocevic-

Stojanovic V, Lavrnic D (2010) Impairment of cardiac autonomic
control in patients with amyotrophic lateral sclerosis. Amyotroph
Lateral Scler 11:272-276

Perneczky R, Diehl-Schmid J, Forstl H, Drzezga A, May F, Kurz
A (2008) Urinary incontinence and its functional anatomy in
frontotemporal lobar degenerations. Eur J Nucl Med Mol Imag-
ing 35:605-610

Seelaar H, Rohrer JD, Pijnenburg YAL, Fox NC, van Swieten JC
(2011) Clinical, genetic and pathological heterogeneity of fron-
totemporal dementia: a review. J Neurol Neurosurg Psychiatry
82:476-486

Shimizu T, Hayashi H, Hayashi M, Kato S, Tanabe H (1995)
Hyposensitivity of peripheral o-adrenoceptors in respirator-de-
pendent amyotrophic lateral sclerosis assessed by intravenous
norepinephrine infusion. Clin Auton Res 5:165-169

Shindo K, Tsunoda S, Shiozawa Z (1995) Increased sympathetic
outflow to muscles in patients with amyotrophic lateral sclerosis:
a comparison with other neuromuscular patients. J Neurol Sci
134:57-60

Snowden JS, Neary D, Mann DMA (1996) Fronto-temporal
dementia. Fronto-temporal lobar degeneration. Churchill Liv-
ingstone, New York, pp 9-41

Struhal W, Javor A, Brunner C, Benesch T, Schmidt V, Vosko
MR (2014) The phoenix from the ashes: cardiovascular auto-
nomic dysfunction in behavioral variant of frontotemporal
dementia. J Alzheimers Dis 42:1041-1046

Tamura N, Shimazu K, Yamamoto S (1991) A supplementary
study of sympathetic nervous hyperfunction in motor neurone
disease. Auton Nerv Syst (Tokyo) 28:357-363 (in Japanese)
Tanaka Y, Yamada M, Koumura A, Sakurai T, Hayashi Y,
Kimura A (2013) Cardiac sympathetic function in the patients
with amyotrophic lateral sclerosis: analysis using cardiac ['2*]
MIBG scintigraphy. J Neurol 260:2380-2386

@ Springer



	Muscle sympathetic nerve activity in frontotemporal lobar degeneration is similar to amyotrophic lateral sclerosis
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Subjects
	MSNA, HR, and BP recording
	Measurement and analysis

	Results
	Discussion
	Open Access
	References




