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Abstract

Objective Familial dysautonomia (FD) is a rare genetic disease that involves extreme blood pressure fluctuations secondary
to afferent baroreflex failure. The diurnal blood pressure profile, including the average, variability, and day—night difference,
may have implications for long-term end organ damage. The purpose of this study was to describe the circadian pattern of
blood pressure in the FD population and relationships with renal and pulmonary function, use of medications, and overall
disability.

Methods We analyzed 24-h ambulatory blood pressure monitoring recordings in 22 patients with FD. Information about
medications, disease severity, renal function (estimated glomerular filtration, eGFR), pulmonary function (forced expiratory
volume in 1 s, FEV1) and an index of blood pressure variability (standard deviation of systolic pressure) were analyzed.
Results The mean (+ SEM) 24-h blood pressure was 115 + 5.6/72 + 2.0 mmHg. The diurnal blood pressure variability
was high (daytime systolic pressure standard deviation 22.4 + 1.5 mmHg, nighttime 17.2 + 1.6), with a high frequency of a
non-dipping pattern (16 patients, 73%). eGFR, use of medications, FEV1, and disability scores were unrelated to the degree
of blood pressure variability or to dipping status.

Interpretation This FD cohort had normal average 24-h blood pressure, fluctuating blood pressure, and a high frequency
of non-dippers. Although there was evidence of renal dysfunction based on eGFR and proteinuria, the ABPM profile was
unrelated to the measures of end organ dysfunction or to reported disability.
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Familial dysautonomia (FD) is a rare autosomal recessive
disorder with high carrier frequency in the Ashkenazi popu-
lation. FD is caused by deficiency of the elongator com-
plex protein 1 [1]. Patients with FD have afferent baroreflex
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lesion [2], with orthostatic hypotension, supine hyperten-
sion, and extreme fluctuations in blood pressure. Moreover,
FD patients are susceptible to crises related to high circulat-
ing levels of catecholamines [3]. The crises are characterized
by high blood pressure, diaphoresis, and vomiting that may
last for days [4].

Chronic kidney disease (CKD) is a clinically important
late sequelae of FD, and the incidence of CKD is increasing
along with the increased life expectancy of FD patients [5].
Blood pressure dysregulation in FD might be a factor con-
tributing to the target organ damage. It has been proposed
that renal hypoperfusion related to hemodynamic instability
may be the cause of renal failure in FD [6]. On the other
hand, Norcliffe-Kaufmann et al. reported that FD patients
with more severe hypertension and excessive blood pressure
variability identified by 24-h blood pressure monitoring have
worse renal function [5].

A particular pattern of nocturnal blood pressure called
non-dipping involves a failure of pressure to decrease at
night when the patient is asleep recumbent. Other forms of
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autonomic failure involving renal dysfunction are associated
with the non-dipping pattern [7]. The prevalence of non-
dipping in FD and the relationship with renal function are
unknown. It is also not known whether pulmonary function
and overall disability score, clinical factors that affect adults
with FD, correlate with the blood pressure profile. Based on
the scarcity of relevant literature on this topic, we thought
it worthwhile to assess whether ABPM patterns in FD are
related to target organ damage. Such correlations have been
described in general in hypertension, but one cannot infer
that the same associations obtain in FD. This study was
designed to fill these gaps in knowledge. We characterized
blood pressure variation in patients with FD and examined
correlations between indices of circadian blood pressure
and variability and renal function as well as other relevant
clinical parameters such as pulmonary function and overall
disease severity.

Methods
Study population

The study was conducted according to a clinical research
protocol approved by the Institutional Review Board of the
Chaim Sheba Medical Center and have therefore been per-
formed in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki and its later amendments;
specific national laws have also been observed. The study is
retrospective and all data were extracted from the patients’
files.

Data were analyzed from 22 patients followed in the
Familial Dysautonomia Treatment and Evaluation Center at
the Safra Children’s Hospital of the Sheba Medical Center,
for whom records from ambulatory blood pressure monitor-
ing were available. FD was diagnosed according to stand-
ard clinical criteria and molecular genetic testing [1]. Renal
function, pulmonary function test and FuSS were assessed
within 6 months from the ABPM.

Ambulatory blood pressure monitoring

Twenty-four-hour ambulatory blood pressure monitoring
(ABPM) was conducted in 22 outpatients while performing
their usual daily activities. Blood pressure and heart rate
were measured at 20-min intervals throughout the day and
night. Fewer than 10% of the BP readings were rejected as
artifacts on the basis of these criteria. Overall 24-h averages
of systolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate (HR) were recorded.

ABPM recordings were divided into a baseline “daytime”
portion from 1000 to 2000 hours and a sleeping “nighttime”
portion from 0000 to 0600 hours [7, 8]. This stratification was
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carried out to exclude data from the transition periods in the
morning and evening when blood pressure is known to fluctu-
ate widely [9, 10].

ABPM parameters

The nocturnal percent fall in SBP (SBP dipping) was calcu-
lated as 100 X [1 — (nighttime SBP/daytime SBP)]. We sub-
classified the patients by the amount of SBP dipping as fol-
lows: “extreme dippers” for SBP dipping > 20%, “dippers” for
SBP dipping > 10% but < 20%, “non-dippers” for SBP dip-
ping > 0% but < 10%, and “reverse dippers” for SBP increas-
ing. Normal dipping is SBP 10-20% [7, 11].

Renal function

Renal function was assessed from the serum creatinine con-
centration at a regular outpatient visit. €GFR was calculated
using the Cockcroft—Gault equation [12]. Midstream urine
samples were assayed by dipstick for proteinuria.

Pulmonary function tests

Spirometry measurements were performed according to
American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines [13]. Airflow limitation was assessed
using the Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) classification of the ATS/ERS [14], and airflow
limitation severity was measured as below or above 80% of
predicted FEV1%.

Functional assessment

Overall clinical function was assessed using a functional sever-
ity scale (FuSS) for FD [15].

Statistics

Continuous variables were evaluated for normal distribution.
All mean values are reported as + SEM. Comparisons between
dippers and non-dippers were analyzed by ¢ tests for independ-
ent means. Fisher’s exact test was used for categorical vari-
ables. Linear regression analysis with Pearson correlation coef-
ficients was used to assess the relationship between continuous
variables. All tests were two-tailed, and a p value of < 0.05
defined statistical significance. Analyses were performed with
SPSS statistical software (v.24.0).
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Table 1 Clinical characteristics of the study population

Clinical characteristics Mean + SEM Range (min—max)
Age (years) 26 +2.2 10.0-44.0
BMI (kg/m?) 18 +0.7 12.58-25.80
FuSS 37.0 £ 145 25.0-49.0
FEV1 (%) 52.68 +4.59 11.0-93.0
Serum creatinine (mg/dl) 0.92 + 0.08 0.3-2.1
Proteinuria (mg/dl) 18.55 +7.41 0-100
Hemoglobin (g/dl) 11.36 £ 0.21 9.8-13.5
Potassium (mEq/1) 443 +0.13 3.3-5.5
LDL (mg/dl) 925+54 87.8+7.0
HDL (mg/dl) 63.8 +2.7 53.8+2.7
VLDL (mg/dl) 19+25 123 +0.6
Triglycerides (mg/dl) 99.8 +12.1 673 +42
Cholesterol (mg/dl) 1582 £ 11.6 155.6 +9.8

BMI body mass index, FuSS functional severity scale for FD, FEVI
forced expiratory volume in 1 s, LDL low-density lipoprotein, HDL
high-density lipoprotein, VLDL very-low-density lipoprotein

Values expressed as mean + SEM

Results

The mean age of the cohort was 26 + 2.2 years, with 10/22
being females and the average BMI 18 + 0.7 kg/m?. The aver-
age 24-h blood pressure was 115 + 5.6/72 + 2.0 mmHg, with
daytime blood pressure averaging 120 + 3.1/73 + 2.4 mmHg
and nighttime 120 + 3.9/72 + 2.8 mmHg. The indices of
blood pressure variability, daytime and nighttime stand-
ard deviations of systolic pressure were 22.4 + 1.5 and
17.2 + 1.6 mmHg (normal < 15 and < 12 mmHg [16]).
Table 1 outlines additional information regarding the study
population.

A non-dipper pattern was observed in 16 patients
(73%). The distribution of dipping patterns was as fol-
lows: extreme dippers 2 patients (9%); dippers 4 patients
(18%); non-dippers 7 patients (32%); and reverse dippers
9 patients (41%). There were no differences in age, gender,
weight, height, body mass index, or FuSS between the dip-
ping and non-dipping groups (Table 2). Most patients in
both the dipping and non-dipping groups had CKD stage
1 or 2 and trace proteinuria (Table 3; Fig. 1). Both groups
had reduced predicted FEV1% (46.8 + 4.9% in dippers,

Table 2 Clinical characteristics
of dippers and non dippers

Clinical characteristics

Dippers 27% (n = 6) Non-dippers 73% p value

(n=16)
Age (years) 27+5.1 26 +2.5 0.838
Gender (male/female) 3/3 7/9 1.000
Weight (kg) 43 +32 41+24 0.609
Height (m) 1.55 +0.07 1.52 +£0.03 0.690
BMI (kg/m?) 18+1.0 17+09 0.756
Functional severity scale (FuSS) 35.7+2.6 375+ 1.8 0.585
Ambulatory blood pressure and heart rate
24-h coefficient of systolic BP variability (%) 20.85 + 2.1 1830+ 1.2 0.273
1000-2000 hours (awake period)
Systolic BP (mmHg) 127+ 7.5 117+ 3.0 0.167
Diastolic BP (mmHg) 80+5.5 70 +£2.3 0.147
Heart rate (bpm) 84 +4.1 83+25 0.848
Heart rate standard deviation (bpm) 1041 +2.2 1094 + 1.4 0.844
Systolic BP standard deviation (mmHg) 26.75 + 3.7 2075+ 1.4 0.172
Coefficient of systolic BP variability (%) 2094 +2.4 1776 + 1.1 0.175
0000-0600 hours (asleep period)
Systolic BP (mmHg) 105 + 6.4 126 +3.9 0.011
Diastolic BP (mmHg) 58+5.0 77+£2.5 0.012
Heart rate (bpm) 74 + 3.8 78 +£2.7 0.409
Heart rate standard deviation (bpm) 935+ 1.2 878+ 14 0.819
Systolic BP standard deviation (mmHg) 1252+ 1.0 18.92 +2.0 0.01
Coefficient of systolic BP variability (%) 12.03 £ 0.9 1532+ 1.7 0.269

Significant p values indicated in bold

BMI body mass index, BP blood pressure

Values expressed as mean + SEM
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Table 3 Renal function measures in dippers and non-dippers

Renal function tests Dippers 27% (n = 6) Non-dippers p value
73% (n = 16)

Serum creatinine (mg/  0.99 + 0.58 0.90 £0.32  0.605
dl)

Estimated glomerular 74 + 29 74 + 26 0.984
filtration rate (ml/
min)

Proteinuria (mg/dl) 14+ 16 20 + 40 0.757

Values expressed as mean + SEM

100% p>0.99
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Fig. 1 Prevalence of chronic kidney disease (CKD) staging in dippers
and non-dippers. The proportion of patients is shown for categories of
CKD. CKD was defined as estimated GFR of > 90 ml/min/1.73 m?
(stage 1), 60-89 ml/min/1.73 m? (stage 2), 30—59 ml/min/1.73 m?>
(stage 3) and 15-29 ml/min/1.73 m? (stage 4)

54.8 + 6.0% in non-dippers). Dippers and non-dippers
did not differ in airflow limitation severity (Fig. 2). Dip-
ping status was independent of treatment with clonidine,
midodrine, or fludrocortisone (Fig. 3); supplementary
Table 1 summarizes the medication treatment in both
groups.

There were no relationships between the percent fall in
SBP (%, SBP dipping) and FEV1% (p = 0.920, r = 0.023)
or eGFR (p = 0.591, r =0.121).
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Fig.2 Airflow limitation severity according to GOLD classi-
fication. The proportion of patients is shown for categories of
GOLD. Mild was defined as FEV1 > 80% predicted, moderate as
50% < FEVI1 < 80% predicted, severe as 30% < FEV1 < 50% pre-
dicted and very severe as FEV1 < 30%

There were no relationships between 24-h SBP coeffi-
cient of variation and eGFR, FEV1%, or FuSS (p =0.177,
r=-0.299,p=0.904, r=0.027, p = 0.718, r = — 0.082,
respectively).

Discussion

ABPM provides a means to quantify several important blood
pressure indices and characterizes the diurnal pressure pro-
file. In our small cohort of FD patients in whom ABPM was
carried out on an ordinary day, blood pressure was opti-
mized, but there was a high degree of blood pressure vari-
ability and a high prevalence (73%) of non-dipping status.
Among these patients, 56% actually had “reverse dipping,”
with an increase in nighttime blood pressure compared to
daytime. This undesirable pattern, however, was not related
to renal or pulmonary function nor to general disability.

The mechanism of non-dipping is not well understood.
Non-dipping may be associated with failure of sympathetic
noradrenergic outflows to decrease and of cardiovagal
outflow to increase during the nighttime [17-19]. It is not
known whether this explanation applies to FD.

Among patients with primary, or essential, hyperten-
sion, non-dippers have an increased prevalence of target
organ damage [11]; however, the applicability of data from
hypertensives to our cohort, who were normotensive, is
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Fig.3 The influence of blood pressure medications (clonidine, midodrine and fludrocortisone) on dipping status. The proportion of patients is

shown for treated (+) and non-treated (—) groups

not known. We found no association between the dipping
status and laboratory or clinical findings suggesting renal
or pulmonary dysfunction. Among our FD patients, the
non-dippers also did not differ from the dippers in terms of
functional severity scores nor other indices of their general
clinical status.

Previous studies showed an association between supine
hypertension and low baroreflex cardiovagal gain in
chronic autonomic failure [20, 21]. In our FD cohort, high
blood pressure variability could have reflected afferent
baroreflex dysfunction. If so, however, this was unrelated
to values for indices of end organ damage. There were no
differences between dippers and non-dippers in daytime,
nighttime, or 24-h indices of blood pressure variability.

Our FD cohort had normal or even low mean blood
pressure, and end organ damage in FD might reflect hyper-
tension rather than non-dipping or blood pressure variabil-
ity. Norcliffe-Kaufmann et al. reported that the coefficient
of variation of blood pressure was inversely correlated
with eGFR in FD [5]. Failure to replicate this finding in
the present study may be due to the different blood pres-
sure status, since most of the FD patients in the previous
study were hypertensive.

Our study had several limitations. First, the study
involved only a small number of patients. FD is a rare dis-
ease with fewer than 400 patients worldwide, and, because
of the many burdens posed by the disease, participation
in clinical studies is limited. Second, drawing inferences
from some of the test results was difficult. The FuSS score
could not separate neurological impairment from disabil-
ity related to blood pressure variability or other medi-
cal complications; and estimated eGFR from creatinine
clearance data in patients with reduced muscle mass may
underestimate the severity of renal disease. Third, medical
treatments were not controlled, and goals of treatments in

terms of target BP likely changed over time, so that there
was no way to assess validly the effects of particular medi-
cations. Most importantly, this was a retrospective study
without a scientifically rigorous design, and we could not
draw conclusions from the obtained associations about
cause and effect.

In summary, FD patients exhibit high blood pressure vari-
ability and a high prevalence of the non-dipping pattern.
Neither of these parameters is related to indices of renal or
pulmonary damage. In our cohort, which was normotensive,
renal function was approximately normal. Whether careful
regulation of the blood pressure is useful in preventing end
organ target damage in this patient cohort cannot be deter-
mined from our data.
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