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Background: Systemic sclerosis (SSc) is a connective tissue
disease that may affect the heart and the autonomic nervous
system (ANS). There is little knowledge regarding the degree of
ANS involvement in SSc patients with unknown cardiac disease.
Objectives: To evaluate cardiac and pupillary autonomic func-
tions in patients before cardiac involvement has emerged.
Methods: The study comprised 19 patients with SSc and 29
healthy controls. Heart rate variability (HRV) analysis for time
and frequency domains, as well as deep breathing test and Ew-
ing maneuvers, were performed in all patients. Automated pup-
illometry for the evaluation of pupillary diameter and pupillary
light reflex was completed in 8 SSc patients and 21 controls.
Results: Both groups had similar characteristics, except for
medications that were more commonly or solely prescribed for
SSc patients. Compared with control subjects, the SSc patients
had significantly lower HRV parameters of NN50 (15.8 + 24.4
vs. 33.9 + 33.1, P = 0.03), pNN50 (4.9 + 7.4% vs.10.8 = 10.8%,
P = 0.03), and HRV triangular index (11.7 + 3.4 vs. 15.7 £ 5.8,
P = 0.02). Abnormal adaptive responses in heart rate changes
were recorded during deep breathing tests and Ewing maneu-
vers. There was no significant difference in any of the pupillo-
metric indices or other HRV parameters within groups.
Conclusions: SSc patients may manifest cardiac autonomic
dysfunction, while their autonomic pupillary function is seem-
ingly spared. The role of certain medications, the significance
of differential organ involvement, as well as the prognostic
value of our findings should be evaluated in future studies.
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Systemic sclerosis (SSc) is a connective tissue disease charac-
terized by small vessel vasculopathy, autoantibody produc-
tion, and excessive collagen deposition in the skin and internal
organs. Nervous system dysfunction, mainly of the peripheral and
autonomic divisions, is increasingly recognized in scleroderma
[1], appearing early in the course of the disease and importantly,
preceding the development of irreversible fibrosis [2,3].

According to a comprehensive, systematic review regarding
neurologic involvement in scleroderma, the prevalence of auto-
nomic nervous system (ANS) involvement ranged from 14.28%
to 79% and affected either just the sympathetic and parasympa-
thetic systems or both branches simultaneously [4]. Common
clinical features of scleroderma such as esophageal dysmotility,
gastrointestinal dysfunction [1,5], and Raynaud's phenomenon
[6] are increasingly ascribed to ANS dysfunction.

Autonomic dysfunction of the cardiovascular system, pre-
senting as disturbances in cardiac rhythm and rate, is well-docu-
mented among scleroderma patients. While these may frequent-
ly go unnoticed, they may be associated with increased risk
for cardiovascular mortality, life-threatening arrhythmias and
sudden cardiac death. Unfortunately, ANS dysfunction is more
commonly found in patients with advanced scleroderma, while
it may be latent in patients with early disease [7].

Heart rate variability (HRV) has been proposed as a simple,
non-invasive tool for evaluating the autonomic control of the
heart. It reflects in its entirety the integrity of the cardiac ANS.
Impaired HRV may serve as a marker for poor prognosis in
patients with congestive heart failure and diabetes mellitus, as
well as in patients after myocardial infarction. Since low HRV is
associated with an increased risk for arrhythmic complications,
assessment of HRV among patients with SSc might aid in early
detection of potential cardiac problems [8].

HRV has been assessed in patients with SSc¢ [9-12] and
demonstrated impairment of either one or both branches of the
ANS [13]. Interestingly, one study reported a positive correla-
tion between disease duration and digital ulcers with increased
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root mean square of the successive RR differences (RMSSD), a
marker for autonomic hyperactivity [6], whereas another study
reported that HRV parameters are within normal limits in most
SSc patients [14]. However, HRV analysis may be insufficient
for the study of the complete ANS as it may not correlate with
other measures of ANS, such as response to autonomic tests,
pupillometric parameters, and sudomotor functions. There is
also limited information as to the response of heart rate to deep
breathing test (DBT) and to postural change (e.g. Ewing ma-
neuver) [14].

Pupillary function is also dependent on the integrity of the
ANS and was found to be impaired in some rheumatic diseases
[15]. Studies addressing pupillary autonomic dysfunctions in
scleroderma are scant and inconsistent regarding the mecha-
nisms used to assess neurologic impairments [4]. Interestingly,
several studies found both pupillary dysfunction and impaired
HRV in the same individuals [16,17]. Yet, they were performed
over 20 years ago and evaluated only a few pupillometric pa-
rameters with a fixed degree of illumination. We aimed to fill
this gap by conducting advanced pupillometry and pupillary
light reflex (PLR) measurements, as well as HRV, DBT, and
Ewing maneuvers to comprehensively evaluate ANS function
among patients with SSc. Specifically, the study focused on SSc
patients who had not developed overt cardiac disease.

PATIENTS AND METHODS

STUDY DESIGN

A comparative case-control design was implemented. The re-
search protocol was approved by the institutional review board.
All participants gave written informed consent.

PARTICIPANTS

Nineteen patients with SSc were recruited from the rheumatol-
ogy outpatient clinic. The diagnosis of SSc was based on the
American College of Rheumatology/European League against
Rheumatism criteria [18]. A control group was comprised of
29 healthy age- and sex-matched individuals. Volunteers were
recruited from the hospital staff and their family members.
Exclusion criteria included cardiac or ophthalmic disease, use
of drugs known to affect pupil diameter, acute illness in the
2 weeks prior to the tests, and/or pregnancy. Cardiac disease
was excluded based on absence of physical findings suggesting
heart disease and normal transthoracic echocardiographic scan
(in SSc patients) or by individual statements (control subjects).
Pharmacologically balanced mild dyslipidemia and anti-depres-
sant intake were not considered exclusion criteria.

ASSESSMENT OF HEART RATE VARIABILITY
The HRV test was conducted between 9:00 and 12:00 to avoid
the circadian influence on heart rate and ANS function. Partic-

ipants were asked not to smoke or drink caffeinated beverag-
es and to avoid strenuous exercise for 24 hours before the test.
Introduction of new medications or dose changes were not al-
lowed in the 4 weeks prior to the assessments.

To prevent sympathetic over-activity, subjects were request-
ed to empty their bladder and lie motionless for 10 minutes in a
room where temperature was maintained at 21-23°C. ECG elec-
trodes were placed on the limbs, according to standard proce-
dure, and recordings were made for 5 minutes at a sampling rate
0f 2000 Hz. Data were saved in binary format and processed us-
ing a commercial computer software (PC-ECG, HRV ver. 5.514,
Norav Medical, Yokne'am, Israel), which was validated and
tested for reproducibility according to accepted standards [19].
RR intervals were measured between two consecutive beats.

To quantify the HRV time domain, the following variables
were calculated in the supine position: standard deviation of RR
intervals (SDNN), reflecting the cyclic variability of the heart
rate during the recording period; and RMSSD, reflecting the av-
erage change in RR intervals between beats; number of intervals
differing by > 50 ms from the preceding interval NN50 as well
as pNN50, which was calculated by dividing NN50 by the to-
tal number of RR intervals. HRV triangular index measurement
is the integral of the density distribution, that is, the number
of all RR intervals, divided by the height of the density dis-
tribution. Power spectral analysis using the nonparametric fast
Fourier transform was performed and integral calculations of
the area beneath the power spectral density curve for frequency
range were made in absolute values of power (ms?). The spec-
tral components were divided into very low frequency (VLF,
0.0033-0.04 Hz) low frequency (LF, 0.04—0.15 Hz), and high
frequency (HF, 0.15-0.4 Hz) components.

PUPILLOMETRY

The right horizontal pupil diameter was measured using a Neu-
rOptics PLR-200 pupillometer (Irvine, CA, USA) and then
videographed using the infrared function after 5 minutes dark
adaptation at < 0.3 lux ambient illumination, according to stan-
dard protocol [20]. To avoid pupil meiosis by accommodation,
patients were asked to fix their gaze on a target at least 3 me-
ters away, with the opposite eye. Stimuli consisted of pulses of
light at an intensity of 1 microwatt/cm? and 180 microwatts/
cm? Flash duration was 180 milliseconds for all measurements.
Visual light stimuli were generated from white light emitting
diodes. Pupil size measurements were sampled at a frequency
of 32-frames/s and for up to 5s following pupillary illumina-
tion; thus, allowing full or partial recovery of the pupil size after
light constriction. PLR of the eye was measured twice, at an
interval of 30 seconds and averaged data were used. The fol-
lowing parameters were computed: maximum pupillary diame-
ter (PDmax), the percentage of pupillary constriction compared
with maximum diameter (CON), average constriction velocity
(ACV), maximum constriction velocity (MCV), and average
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dilatation velocity (ADV). Measurements were repeated if a
participant blinked during the study. Data of participants who
failed to complete the study without blinking or gazing forward
were excluded.

DEEP BREATHING TEST

The subjects were asked to remain supine and to breathe deeply
in and out 6 times. Maximum heart rate during expiration (E) and
minimum HR during inspiration (I) were measured, and the dif-
ference between the two calculated (maximum HR — minimum
HR= AE-I). The standard deviation of the RR interval and RMS-
SD were computed for the DB period. The E/I ratio was calculat-
ed by dividing the longest RR interval during expiration by the
shortest RR interval during inspiration. Values higher than 1.2 in
young individuals are considered within the normal range [21].

EWING MANEUVER

Participants were requested to move from supine position di-
rectly to upright standing position. The sudden active standing
causes a decrease in blood pressure and elevation in heart rate
after approximately 15 seconds. After 30 seconds, blood pres-
sure and heart rate usually normalize. The ratio between the
highest RR interval length after 30 seconds and the lowest RR
interval length after 15 seconds is referred to as the 30/15 ratio
and reflects the orthostatic cardiac response. Values above 1.04
are usually considered normal [21].

STATISTICAL ANALYSIS

Data were analyzed using JMP version 15.0 (SAS Institute, Cary,
NC, USA). Results are presented as mean and standard deviation.
Abnormal results were defined as more than 2 standard devia-
tions from the normal range. Findings were compared between
the groups with the Kruskal-Wallis one-way analysis test and the
Fisher's Exact Test. P < 0.05 was considered statistically signif-
icant. The power of the sample was calculated with the online
ClinCalc tool (https://clincalc.com/stats/power.aspx), assuming
that autonomic abnormalities were found in at least 50% of SSc
patients (as reported by some studies [4]) and in none of the con-
trol group. A type I/I1 error rate alpha of 0.05 was allowed and a
study power > 80% was considered methodologically acceptable.
The association between modified Rodnan skin score (mRSS) and
autonomic indices was evaluated with Pearson's correlation test.

RESULTS

Nineteen SSc patients and 29 healthy controls were included in
the study. The mean time from diagnosis was 9.1 + 9.2 years.
One patient was diagnosed with limited cutaneous SSc and 18
had diffuse scleroderma. The main demographic and clinical
parameters of both groups are shown in Table 1. There was no
significant difference between the groups in age, sex, body mass
index (BMI), smoking status, and prevalence of diabetes mel-

Table 1. Baseline characteristics of the study groups

Variable (nS=S1t;] c[t:‘r;tzrggs P value
Age (years) 445+ 11.7 | 388129 NS
Sex (Female / Male) 17/2 22/17 NS
BMI (kg/m2) 223+50 | 22722 NS
Active smoker (%) 26.3 17.2 NS
Former smokers (%) 10.5 6.9 NS
Family history of IHD (%) 63.1 48.3 NS
Diabetes mellitus (%) 5.3 0 NS
Hypertension (%) 5.3 0 NS
Dyslipidemia (%) 15.8 6.9 NS
Hypothyroidism (%) 5.3 0 NS
Aspirin intake (%) 5.3 0 NS
Plavix intake (%) 10.5 0 NS
ACEI or ARBs intake (%) 31.6 0 <0.01
CCBs intake (%) 26.3 0 <0.01
BB intake (%) 10.5 0 NS
Statins intake (%) 10.5 35 NS
Fibrates intake (%) 0 0 NS
Insulin intake (%) 5.3 0 NS
Other anti-diabetic drugs (%) 5.3 0 NS
Anti-depressants intake (%) 10.5 3.5 NS
Levothyroxine intake (%) 5.3 0 NS
Immunosuppressive therapy (%) 36.8 0 <0.01
Prostacyclin therapy (%) 10.5 0 NS

ACEI = angiotensin-converting-enzyme inhibitors, ARBs = angiotensin Il
receptor blockers, BB = beta blockers, BMI = body mass index, CCBs =
calcium channel blockers, IHD = ischemic heart disease, NS = non-
significant, SSc = systemic sclerosis

litus, family history of ischemic heart disease, hypertension, or
dyslipidemia. Treatment with angiotensin-converting-enzyme
inhibitors (ACEI), angiotensin receptor blockers (ARBs), calci-
um channel blockers (CCBs), and immunosuppressive therapy
was prescribed exclusively to scleroderma patients. None of the
patients was prescribed with cyclophosphamide. Among the SSc
patients, 73.7% had gastrointestinal involvement, and 68.4% had
pulmonary involvement. Renal involvement was recognized in
10.5% of patients, and the mean mRSS was 19.6 £+ 14.9.

All SSc patients and controls completed the HRV study. Re-
sults of the HRV analysis are shown in Table 2. Compared with
controls, the SSc patients showed significantly lower values of
NN50 (15.8 +24.4 vs. 33.9 £ 33.1, P=10.03) and pNN50 (4.9 £
7.4% vs. 10.8 = 10.8%, P = 0.03). Also, HRV triangular index
values were significantly lower in SSc compared with controls
(11.7+£3.4vs.15.7+5.8, P<0.01). No significant difference was
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Table 2. HRV results in SSc patients and in controls

Table 3. Pupillometry results in SSc patients and in controls*

Variable ssc (n=19) Contsoy | Pvalue Variable sscn=g) = QU Palue
Maximum RR (ms) 1141.2 £315.1 | 1084.0+179.3 NS PDmax (mm) 6207 6710 NS
Minimum RR (ms) 686.8 £ 171.3 740.6 + 138.6 NS CON (%) 20.5+2.7 17.3+ 7.4 NS
Average RR (ms) 853.4 +120.6 907.3 £ 137.9 NS A | ACV (mm/s) 29+0.4 26%08 NS
SDNN (ms) 42.9 +15.6 52.0+21.0 NS MCV (mm/s) 38046 3.6+0.9 NS
RMSSD (ms) 42.5+22.7 455 £26.2 NS ADV (mm/s) 0.64+0.13 0.70 £0.16 NS
HRV triangular index 11.7+3.4 15.7+5.8 <0.01 PDmax (mm) 5.8+0.6 6.6+1.0 NS
NN50 15.8 £ 24.4 33.9£33.1 0.03 CON (%) 323+ 6.4 26.7 £10.1 NS
pNN50 49+74 10.8 £10.8 0.03 B | ACV (mm/s) 3.3+06 3.1+£05 NS
VLF (ms?) 172.8+76.4 194.0 £ 105.0 NS MCV (mm/s) 48+0.8 43+0.7 NS
LF (ms?) 166.8 £ 95.4 147.9 + 58.1 NS ADV (mm/s) 0.52 + 0.27 0.71 £0.27 NS
HF (ms?) 176.6 £ 653 160.2 £ 95.5 NS *Stimuli consisted of pulses of light at an intensity of 1 microwatt/cm?
Total power (ms?) 538.6+111.9 | 55941075 | NS (A) and 180 microwatts/cm? (B)

LF/HF ratio 1.21 £ 1.45 1.37+1.04 NS ACV = average constriction velocity, ADV = average dilatation velocity,

HRV = heart rate variability, HF = high frequency, LF = low frequency,
NS = non-significant, NN50 = number of NN intervals differing by > 50
ms from the preceding interval, pNN50 = NN50 divided by the total
number of RR intervals, RMSSD = square root of the mean squared
differences of successive RR intervals, SDNN = standard deviation of
the RR interval, SSc = systemic sclerosis, VLF = very low frequency

noted in any of the frequency domains between the two groups.
Pupillometry was successfully assessed in 8 SSc patients and
21 controls (calculated study power of 89.3% according to a post
hoc analysis). Some pupillometry measurements were excluded
due to inability to complete the pupillometry test without blink-
ing. A separate analysis of the demographic parameters and med-
ication intake in patients who successfully completed the pupil-
lometry test was similar to the proportions presented in Table 1,
suggesting that the cohort evaluated is a representative sample of
the entire SSc group. Accordingly, the rates of ACEI or ARBs,
CCBs, and immunosuppressive therapy were higher in the SSc
patients who completed the pupillometry test. The results of the
pupillometry analysis are shown in Table 3. The pupillometry in-
dices in the control and the SSc groups were statistically similar.
The DBT and the Ewing maneuver results are summarized in
Table 4. DBT was performed in all patients. Ewing test results
from three patients from each group were excluded from analy-
sis due to technical difficulties. Following the DBT, SSc patients
had lower SDNN values than controls did (74.5 = 34.6 ms vs.
102.9 £43.4 ms, P=0.02). Also, AE-I results were lower for the
SSc group compared to the control group (26.7 £ 12.4 beats per
minute [bpm] vs. 33.4 £ 11.7 bpm, P = 0.04). Despite similar
minimum RR values recorded after 15 seconds of active stand-
ing, SSc patients had lower maximum RR after 30 s of standing
(804.2 + 140.8 ms vs. 904.2 £ 137.5 ms, P=0.03). According-
ly, SSc patients had lower 30/15 ratio compared with controls

CON = the percentage of pupillary constriction (compared with maximal
diameter), MCV = maximal constriction velocity, NS = non-significant,
PDmax = maximal pupillary diameter, SSc = systemic sclerosis

(1.22 £ 0.18 vs. 1.49 £ 0.26, P < 0.01). No significant correla-
tion was found between mRSS and any of the indices found to
be abnormal in patients with SSc.

DISCUSSION

We evaluated ANS in SSc patients without overt cardiac disease
by using HRV. As HRV is an insufficient marker of the whole
spectrum of ANS dysfunction, ancillary autonomic tests have
been proposed. We used HRV in conjunction with testing the
heart rate response to several autonomic maneuvers, and pup-
illometry test, and showed that cardiac autonomic imbalance is
prevalent in this subset of SSc patients. Specifically, we found
several indications of reduced parasympathetic modulation of
cardiac activity at rest, including significantly decreased values
of HRV triangular index, NN50 and pNNS50, as compared to
controls. Also, we found blunted autonomic response to deep
breathing and assuming an upright position, manifested as low-
er values of SDNN, AE-I, and lower 30/15 ratio. Frequency
domain variables representing disturbed sympathetic activity,
such as decreased VLF and LF or increased LF/HF ratio [19]
were comparable among the SSc and control groups. We also
found that ANS impairment in SSc patients preceding the de-
velopment of overt cardiac manifestations might be organ spe-
cific. While some cardiac HRV parameters were abnormally
low, the pupillary autonomic control was seemingly unaffected.
Decreased HRV and heart rate response to autonomic maneu-
vers may reflect sinus node autonomic denervation, sympathetic
overactivity [1], and/or reduced cardiac conduction system re-
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Table 4. Test results in SSc patients and in controls

Variable SSc(n=19) | Controls (n=29) = Pvalue
Deep breathing

Maximal RR (ms) 1017.2 + 156.8 1088.2 £ 198.5 NS
Minimal RR (ms) 698.5+87.8 679.3+115.9 NS
SDNN (ms) 74.5 % 34.6 102.9 + 43.4 0.02
AE-I (bpm) 26.7+12.4 334117 0.04
E/I ratio 1.47 +0.30 1.62 +0.28 NS
RMSSD (ms) 52.0 £30.7 71.8+41.8 NS
VLF (ms?) 111.1+£78.6 77.4 + 64.3 NS
LF (ms?) 386.9 +80.7 426.0 £ 93.2 NS
HF (ms?) 90.4  46.1 83.2+35.4 NS
Total power (ms?) 596.5 + 68.1 593.5 £ 87.3 NS
Ewing maneuver

TonrumRRAMer | gg5.42119.1 617321122 NS
So(PamRRAMEr | 8042+ 1408 | 90421375 0.03
30/15 ratio 1.22+0.18 1.49 +0.26 <0.01

bpm = beats per minutes, E = maximal expiratory heart rate,

| = minimal inspiratory heart rate, HF = high frequency, LF = low
frequency, RMSSD = square root of the mean squared differences of
successive RR intervals, SDNN = standard deviation of the RR interval,
SSc = systemic sclerosis, VLF = very low frequency

sponsiveness to autonomic modulation. Regardless of the cause,
abnormal HRV was found to be associated with reduced surviv-
al in several patient populations [19].

Other than three studies that found HRV parameters in SSc pa-
tients to be normal [14,22] or increased [6], most researchers agree
with our results [8-12], confirming ANS imbalance. Our results
differ from those of Bajocchi et al. [14], who reported that DBT
results were within normal limits in most SSc patients. The discrep-
ancy between the various studies could be attributed to different
measurement methodologies, sample size or cohort characteristics.
Supporting decreased HRV in SSc is the finding that HRV decline
is associated with cardiac remodeling [9-11], esophageal dysmo-
tility [17], extensive skin fibrosis, and anti-SCL70 antibody [8].

Medications may also affect the ANS and HRV indices.
ACEI or ARBs were suggested to decrease sympathetic activity
in hypertensive patients and enhance parasympathetic activity,
although this effect is debatable [23]. Our finding of decreased
HRV triangular index, NN50, and pNN50 despite possible an-
ti-sympathetic activity caused by ACEI or ARBs further sub-
stantiates our results that cardiac autonomic control is abnormal
in SSc. However, CCB were reported to increase or decrease
sympathetic drive [24], further complicating interpretation of
the current results. Among the antidepressants, the tricyclic
antidepressants are associated with reduction in HRV, leading

to lower SDNN and frequency domain, while the selective se-
rotonin reuptake inhibitors give mixed results and are gener-
ally considered as having a weaker effect on HRV compared
to tricyclic antidepressants [25]. Thus, in SSc patients, cardiac
autonomic dysfunction might be driven by scleroderma factors
as well as by drugs administered for co-morbidities.

Pupil reactivity to light of SSc patients was comparable to that
of the control group. This finding is supported by the autonomic
dysfunction COMPASS-31 questionnaire, which found similar
pupillomotor function scores in SSc¢ (1.6 = 1.1) and in healthy
controls (1.2 + 0.8) [5]. In addition, no relationship was found
between gastrointestinal autonomic symptoms and pupillomotor
function [5], suggesting that the ANS is affected differentially in
various organs of SSc patients. Our finding of intact pupillary au-
tonomic function in patients with no overt cardiac manifestations
does not exclude a possible occurrence of pupillary autonomic
dysfunction at a more advanced stage of the disease.

Several small pupillometry studies found PLR alterations
among SSc patients. Using automatic pupillometry studies,
Straub et al. found that both pupillary response latency (re-
flecting parasympathetic control) and maximum pupillary ar-
ea (under sympathetic control) were impaired in SSc patients,
suggesting impairment of both divisions of the ANS [16].
In comparison, Bertinotti et al. [15] found decreased baseline
pupillary diameter (comparable to PD max) and miosis response
to substance P (a member of the tachykinin neuropeptide family,
directly acting on the iris sphincter) in SSc patients, strengthening
the suggestion that both sympathetic and parasympathetic pupil
control are disturbed in SSc. Although our study used a fully
automated pupillometer and more sensitive indices of pupillary
dysfunction, we were unable to detect pupillary autonomic im-
pairment. This difference may stem from different patient charac-
teristics, better pharmacotherapies currently available, and from
the use of different methodology for pupillometric evaluation. A
larger scale study in patients without overt cardiac involvement
and with long-term follow-up is needed to validate our findings
and their role in predicting unwanted cardiac events.

LIMITATIONS

Our observation of cardiac autonomic dysfunction in SSc pa-
tients without overt cardiac involvement, utilizing HRV and
pupillary parameters should be cautiously interpreted consid-
ering the small number of patients in the study (due to low
prevalence of SSc and poor patient corporation), the hetero-
geneity of the patient population, and possible effects of the
medications used.

CONCLUSIONS

Despite frequent use of ACEI and ARBs by patients with SSc,
which may increase parasympathetic tone, some HRV parame-
ters and indices reflective of heart rate response to autonomic
maneuvers, were found to be relatively decreased in SSc, imply-
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ing ANS impairment in SSc even before overt cardiac involve-
ment is diagnosed. In contrast to the abnormal cardiac auto-
nomic responses found in this population, pupillary autonomic
function seemed to be spared. The prognostic implications of
our results and the ANS involvement in pupillary function in
more advanced SSc and the effect of drugs on our findings
should be determined in future studies.

ACKNOWLEDGMENTS
The authors thank Navah Jalin for statistical help and Faye Sch-
reiber for editorial assistance.

Correspondence

Dr. U. Nussinovitch
Division of Cardiovascular Medicine, Stanford University, Palo Alto, CA, USA
email: udi.nussinovitch@gmail.com

References

1. Di Franco M, Paradiso M, Riccieri V, Basili S, Mammarella A, Valesini G.
Autonomic dysfunction and microvascular damage in systemic sclerosis. Clin
Rheumatol 2007; 26: 1278-83.

2. Cozzolino D, Naclerio C, Iengo R, D'Angelo S, Cuomo G, Valentini G. Cardiac
autonomic dysfunction precedes the development of fibrosis in patients with
systemic sclerosis. Rheumatology (Oxford 2002; 41: 586-8.

3. Balbir-Gurman A, Shataylo V, Braun-Moscovici Y. Autoimmune diseases in
systemic sclerosis patients and their relatives: data from a single center. IMAJ
2019; 21 (1): 29-34.

4. Amaral TN, Peres FA, Lapa AT, Marques-Neto JE Appenzeller S. Neurologic
involvement in scleroderma: a systematic review. Semin Arthritis Rheum 2013; 43:
335-47.

5. Adler BL, Russell JW, Hummers LK, McMahan ZH. Symptoms of autonomic
dysfunction in systemic sclerosis assessed by the COMPASS-31 questionnaire.
J Rheumatol 2018; 45: 1145-52.

6. Gigante A, Margiotta D, Navarini L, et al. Parasympathetic activity increases with
digital microvascular damage and vascular endothelial growth factor in systemic
sclerosis. Clin Exp Rheumatol 2018; 36 Suppl 113: 24-7.

7. Rodrigues GD, Tobaldini E, Bellocchi C, et al. Cardiac autonomic modulation

at rest and during orthostatic stress among different systemic sclerosis subsets.
Eur J Intern Med 2019; 66: 75-80.

8. Othman KM, Assaf NY, Farouk HM, Aly Hassan IM. Autonomic dysfunction
predicts early cardiac affection in patients with systemic sclerosis. Clin Med
Insights Arthritis Musculoskelet Disord 2010; 3: 43-54.

9. Tadic M, Zlatanovic M, Cuspidi C, et al. Left atrial phasic function and heart
rate variability in patients with systemic sclerosis: a new part of the old puzzle.
Echocardiogr-J Card 2017; 34: 1447-55.

10. Tadic M, Zlatanovic M, Cuspidi C, et al. The relationship between left ventricular
deformation and heart rate variability in patients with systemic sclerosis: Two-
and three-dimensional strain analysis. Int J Cardiol 2017; 236: 145-50.

11. Tadic M, Zlatanovic M, Cuspidi C, et al. Systemic sclerosis impacts right heart and
cardiac autonomic nervous system. ] Clin Ultrasound 2018; 46: 188-94.

12. DiPaolo M, Gigante A, Liberatori M, et al. Effects of autonomic dysfunction on exercise
tolerance in systemic sclerosis patients without clinical and instrumental evidence of
cardiac and pulmonary involvement. Clin Exp Rheumatol 2018; 36: S61-S7.

13. Bertinotti L, Bracci S, Nacci E et al. The autonomic nervous system in systemic
sclerosis. A review. Clin Rheumatol 2004; 23: 1-5.

14. Bajocchi G, Terlizzi R, Zanigni S, et al. Evidence of a selective nociceptive
impairment in systemic sclerosis. Clin Exp Rheumatol 2009; 27: $9-S14.

15. Bertinotti L, Pietrini U, Del Rosso A, et al. The use of pupillometry in joint and
connective tissue diseases. Ann NY Acad Sci 2002; 966: 446-55.

16. Straub RH, Zeuner M, Lock G, et al. Autonomic and sensorimotor neuropathy in
patients with systemic lupus erythematosus and systemic sclerosis. ] Rheumatol
1996; 23: 87-92.

17. Lock G, Straub RH, Zeuner M, et al. Association of autonomic nervous
dysfunction and esophageal dysmotility in systemic sclerosis. ] Rheumatol 1998;
25:1330-5.

18. van den Hoogen F, Khanna D, Fransen J, et al. 2013 Classification Criteria for
Systemic Sclerosis: An American College of Rheumatology/European League Against
Rheumatism Collaborative Initiative. Arthritis Rheum-Us. 2013; 65: 2737-47.

19. Camm AJ, Malik M, Bigger J T, et al. Heart rate variability - Standards of measurement,
physiological interpretation, and clinical use. Circulation 1996; 93: 1043-65.

20. Yoo YJ, Hwang JM, Yang HK. Differences in pupillary light reflex between optic
neuritis and ischemic optic neuropathy. Plos One 2017; 12 (10):¢0186741.

21. Zygmunt A, Stanczyk J. Methods of evaluation of autonomic nervous system
function. Arch Med Sci 2010; 6: 11-8.

22. Morelli S, Piccirillo G, Fimognari E, et al. Twenty-four hour heart period variability
in systemic sclerosis. ] Rheumatol 1996; 23: 643-5.

23. Tsuda K. Renin-Angiotensin system and sympathetic neurotransmitter release in
the central nervous system of hypertension. Int ] Hypertens 2012; 2012: 474870.

24. Grassi G. Sympathomodulatory effects of antihypertensive drug treatment.
Am ] Hypertens 2016; 29: 665-75.

25. Noordam R, van den Berg ME, Niemeijer MN, et al. Antidepressants and heart-
rate variability in older adults: a population-based study. Psychol Med 2016; 46:
1239-47.

Emergence and expansion of SARS-CoV-2 B.1.526 after identification in New York

Annavajhala et al. reported the emergence of the
variant lineage B.1.526 (also known as the lota variant),
which contains E484K, and its rise to dominance in
New York City in early 2021. This variant is partially
or completely resistant to two therapeutic monoclonal
antibodies that are in clinical use and is less susceptible
to neutralization by plasma from individuals who had
recovered from SARS-CoV-2 infection or serum from
vaccinated individuals, posing a modest antigenic
challenge. The presence of the B.1.526 lineage has now
been reported in all 50 states in the United States and

in many other countries. B.1.526 rapidly replaced earlier
lineages in New York, with an estimated transmission
advantage of 35%. These transmission dynamics,
together with the relative antibody resistance of its
E484K sub-lineage, are likely to have contributed to the
sharp rise and rapid spread of B.1.526. Although SARS-
CoV-2 B.1.526 initially outpaced B.1.1.7 in the region, its
growth subsequently slowed concurrently with the rise
of B.1.1.7 and ensuing variants.
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