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Abstract: Duchene Muscular Dystrophy (DMD) is a progressive neuromuscular disorder affecting male children of a
career mother, as seen in more than 70% of cases. It is an X-linked recessive disease that affects 1 in 3600-6000 live
male births. As the child grows, muscles are progressively wasted and degenerated in the body. As time passes, it also
involves intercostal and heart muscles leading to cardiorespiratory failure and death. Using a smartphone-based
application namely, Lyfas that uses the principles of the optical sensor, arterial photoplethysmography, and
photochromatography, this report focuses on capturing digital cardiovascular biomarkers at the backdrop of DMD and
understanding the physiological aspect of the disorder and its progression, especially the risk of the involvement of

cardiac muscles.
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KEY MESSAGE

Monitoring the initiation and extent of involvement of
the cardiac muscles is crucial to DMD cases as
eventually, patients die due to cardiac failure. A non-
invasive and ubiquitous way of monitoring Heart Rate
Variability (HRV) and its correlates by studying the
Pulse Rate Variability (PRV) from the capillary arteries
of the index fingers may be useful in evaluating the
myocardial involvement as the illness progresses as
the prognostic measure, which is the principal focus of
this case study.

INTRODUCTION

DMD is a rare neuromuscular genetic disorder
where the skeletal muscle protein, namely dystrophin,
is mutated causing ‘weak sarcolemma’ leading to the
wasting of these muscles progressively [1] in about 0.8
million male children in India [2]. Across the world, 1 in
3500 male births is found to be vulnerable to express
the disease mostly between 3-6 years of age [3].
Physiotherapy and glucocorticoids remain still the
mainstay of the treatment [1].

Mobile health, in short mHealth, is gaining
popularity as the extension of the current digital
healthcare or eHealth by virtue of the (i) increasing
number of smartphone users, (i) widening network
coverage, and (iii) powerful cameras with in-built optical
sensors with LED light, which offers the ‘reflectant’ light
source for photoplethysmography (study of blood
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volume changes) and photochromatography (study of
cellular substances and solutes in the blood). PRV
surrogates for the Heart Rate Variability (HRV), which
reflects Cardiac Autonomic Modulation (CAM) in
explaining the mind-body homeostasis. These simple,
low-cost, non-invasive, and ubiquitous techniques form
the foundation of mHealth.

CASE HISTORY

The report is about a 12-year old Indian boy with
127 cm of height and 28 kgs of weight (BMI: 17.4) who
presented with a sudden loss of power to lift his arms in
2018. On clinical examination, bilateral facial palsy,
high arch palet, dropping of shoulders, slurred speech,
neuromuscular lordosis with hip flexion-contracture,
waddling gait, and positive Gower’s sign are found. The
child was investigated for DMD PCR (30-05-2018), in
which 18 exomes were detected but could not rule out
exome deletion as it generally happens in the case of
DMD. CPK level was tested and found 3489 IU/L (30-
04-2018). No abnormalities were detected in MRI of the
brain and spine (04-06-2018).

A series of gene sequencing studies showed no
deletion or duplication in any of the 79 exomes in the
DMD gene (20-07-2018). Later, on 24-07-2018, clinical
exome sequencing showed a heterozygous variant of
uncertain significance in the TRAPPC11 variants
(p-(Pro820llefs*5), exon 22), which proves that the
patient was a carrier of DMD.

A nerve conduction test on 31-07-2018 showed
motor axonopathy involving bilateral median and ulnar
nerve affecting biceps, which was corroborating with
the very first occurring symptom of the patient. CPK
was re-studied on 02-08-21 and its level was 5482IU/L.
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Figure 1:

Figure 2: The snapshots of the past genetic studies.

The patient had a high CPK-MB value (176ng/ml on
14/03/2021, while the normal value is less than 6.22),
which is a biomarker for the involvement of the heart
muscles. Meanwhile, the patient was advised to take
calcium, multivitamins, occupational therapy, and
physiotherapy.

Parents of the patient consulted Acculi Labs Pvt.
Ltd. Bangalore for Lyfas testing (which is non-invasive
and ubiquitous) to wunderstand the underlying
physiological state of the child, performed at the home
of the patient from 24-08-2021 to 27-08-2021. Among
many digital biomarkers, in this case, Heart Rate (HR),
HR changes, SDNN, RMSSD, a 50 msec time-domain
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measure of HR variability (pNN50), low vs high-
frequency domain of HRV (LF/HF) are considered.
Each of these biomarkers has been discussed
concerning its clinical significance, in the following
section. Figure 1-3 respectively shows the snapshots of
the patient's morphology and CPK enzyme levels,
results of the genetic studies, and the Lyfas biomarker
scores. It is worth noting that we have shown the plots
of only abnormal biomarkers.

Figure 1 shows the morphological photograph of the
patient and the reports of CPK and CPK-MB.
Snapshots of the genetic studies can be seen in Figure
2, where Figure 3 shows the scores of the Lyfas
cardiovascular biomarkers and its time-series plotting
for the visualization.

DISCUSSION

DMD is an X-linked genetic disorder and caused by
mutation of the DMD gene which is located on the short
arm(p) of the X chromosome(Xp21.2) and the gene
encodes for Dystrophin protein which regulates skeletal
and cardiac muscles and is attached to the inner
membrane of muscle fiber, so any mutation in the DMD
gene leads to loss of dystrophin protein which further
leads to degeneration of muscle fiber.

Studies suggest that mutation in the recessive
TRAPPC11 gene causes a spectrum of diseases like

Limb-Girdle muscular dystrophy, myopathy with a
movement disorder, and intellectual disability. [4] The
patient's report, in this study, shows the presence of
the TRAPPC11 gene with variant
c.2458_2461delinsAT p.(Pro820llefs*5) creates a
frameshift at codon 820 which is suggestive of
muscular dystrophy as seen in this case.

Creatine phosphokinase (CPK) or Creatine kinase
is the enzyme that is used to supply ATP to tissue and
cells of the brain, skeletal muscles, and the heart.
Increased CPK levels are indicative of muscular
damage as in this case of Duchenne muscular
dystrophy. When the patient was first tested of CPK the
value was 3489 IU/L on 30/04/2018 but reduced to 871
U/L on 13/02/2021 because the degeneration of
muscle is more initially and later when there is a
decline in muscle mass the CPK value is also low.
There are 4 isoenzymes of CPK which is used to detect
damage to a particular muscle. CK-MB is present in the
cardiac muscles and can detect acute myocardial
infarction [5]. CK-MB value of the patient is 176ng/mi
(on 14/03/2021), which was very high and suggested
the involvement of cardiac muscles [6].

Gower’s sign is a classical feature of DMD that
signifies weakness in the proximal hip muscles and
patients, therefore, climb on their thighs while standing
up from the sitting position and it can be seen when the
disorder has advanced enough [7]. Genetic studies and

No Date Time (hr.) HR HR change | SDNN [ RMSSD| pNN50 | LF/HF | SD1/SD2
1 24-08-2021 21:24 94 44 53 56 25 1 4
2 | 25-08-2021 10:21 111 19 43 50 19 0.9 12
3 25-08-2021 14:09 102 19 38 49 20 1.6 1.4
4 25-08-2021 21:57 107 14 42 52 29 2.1 2.5
5 | 26-08-2021 10:32 97 15 47 56 23 2.3 1.8
6 | 26-08-2021 13:50 91 36 36 52 18 1.3 2.6
7 26-08-2021 19:14 9% 17 17 62 16 1 1
8 27-08-2021 10:15 101 43 43 50 25 1.7 1.4
AVERAGE 99.9 25.9 39.9 534 | 21.88 | 1.49 1.99
sD 6.73 12.86 10.62 | 4.37 436 | 0.53 1.00
Nomal_val| 79.6+14.4 10 50 44 23 1.3 0.25
HR changes SDNN RMSSD SD1/SD2
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Figure 3: Snapshots of the digital cardiovascular biomarkers were obtained from a series of Lyfas tests.

Abbreviations mentioned in Figure 3 and its full forms:

HR, Heart Rate as bpm or beats per minute; SDNN, Standard deviation of N-N intervals (in mse or millisecond); RMSSD, Root Mean Square of successive R-R
interval difference (in mse); SD1/SD2, the ratio of Poincaré plot standard deviation perpendicular to the line of identity).
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Figure 4: The working principle of Lyfas.

blood CPK levels (the biomarker of the destruction of
muscle mass) are for the diagnosis of DMD [8]. It
eventually becomes a life-threatening condition due to
progressive weakening of the myocardium leading to
death due to cardiorespiratory failure and digital
biomarkers such as Heart Rate Variability (HRV) and
its correlates can provide physiological clues to the
grade of such deterioration and set an alarm to the
neurologists, as there is a strong correlation between
myocardial fibrosis and diminished HRV [9].
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Figure 5: Lyfas test procedure.

ANDROID SMARTPHONE

Lyfas is a commercially available smartphone-
based non-invasive ubiquitous biomedical application
with thelSO certification number: 13485:2016 and CE
certification number: 29695, dated 01/11/2019) [10]. It
can capture several digital biomarkers by studying the
capillary blood flow of the index fingers [11]. Using the
principles of reflectant Arterial Photoplethysmography it
can capture the Pulse Rate Variability (PRV) that
surrogates for the HRV and its correlates, which can be
classified into the (A) Time-domain measure that
includes (i) the standard deviation of NN interval or
SDNN, which refers to the cardiac risk as values <50
ms indicates the highest risk, while values between 50-
100 ms refer to moderate risk, and values over 100 ms
refer to no risk, (ii) the percentage of sinus NN intervals
that differs over 50 ms i.e., pNN50, a value of 3% or
more eliminates the cardiac risk while <3% indicates
very high cardiac risk [12] and (iii) the root mean
square of successive RR interval difference known as
the RMSSD that reflects the vagus nerve mediated
autonomic control of the heart and a low RMSSD level
(<50 ms) refers to sympathetic overactivity and hence
poses for a higher cardiac risk [13]; (B) Frequency-
domain measure, which is the ratio of Low and High-
frequency powers known as the LF/HF score, which
signifies the sympathovagal balance in the body,
respectively and high LF-HF value signifies the high
cardiac risk; and (C) Non-linear measure under which
lies the ratio of Poincaré plot standard deviation
perpendicular to the line of identity, which is termed as
the SD1/SD2 score and is also a measure of the
autonomic (sympathetic vs parasympathetic) balance
and a high ratio refers to the cardiac risk due to
sympathetic dominance [11]. Using
photochromatography Lyfas can detect the solutes and
cellular material in the capillary blood, which reflects
the metabolic state of the body. Its novel heuristics
collates the above findings into comprehensive mind-
body homeostasis analytics with data visualization
through graphs and plots, which can be downloaded as
a report for clinical correlations, i.e., correlating the
values of these biomarkers with that of the chief
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complaints, sign-symptoms, and physical state of the
test-takers. Figure 4 - 6 show the snapshots of the
Lyfas working principle, the test procedure, and a
sample report, respectively.

The summary of the time-series Lyfas test reports
concerning the HRV correlates shows that the average
values of Heart Rate (HR), HR changes, RMSSD,

& Lo11

-
@ |_ f )
Viral Infection Risk(Screening)=53%(HIGH)

N ive Clinical-Grade Health A Tool

Disclaimer:-Measurement may vary between readings.« This APP is not intended to diagnose or treat any
medical condition. No liability is accepted for harm arising from the use of this APP.Verify the results with a
qualified physician

*M,n,ﬂ'a 27.0cm), 28 Kg,BMI=17.4 (RID:A63126R9)[HRV
Time 120 secs](Measurement Device: Mobile Vivo 1920)ReportQuality=

No background medical information provided

Thursday 26-Aug-2021 19:14 PM )

Emotional State: Neutral @ @ Stress Present(69=> +Psychological(96%) -Pathological(39 %)

/73 & 5 /55

I

Bones And Muscles  Nervous System Circulatory Respiratory

24 H V5 V51 -

K
(]
X\ /B :
¢ J
A N
Metabolic Immune Endocrine Lyfas Overall
¥ « Aging(+7 years)-Sleep *Tire *Metabolism +Lipid *HPT +CADS1 1 «(IR)InsulinResistance-Inflamation
s Y

Thursday 26-Aug-2021 19:14 PM

"
@ Lyfas Clinician's Snapshot
o
911

Lyfcis @
¢
YIS &&
Viral Infection Risk(Screening)=53%(HIGH)

Non-Invasive Clinical-Grade Health Assessment Tool
Disclaimer.-Measurement may vary between readings.+ This APPis not intended to diagnose or treat any
medical condition.No liability is accepted for harm arising from the use of this APP.Verify the results with a
qualified physician.

e S M12,4'3'(127.0cm),28 Kg,BMI=17.4 (RID:A63126R9)[HRV
Time 120 secs](Measurement Device: Mobile Vivo 1920)ReportQuality=
No background medical information provided

Overall Health[CAMS] 25 Current Health[HRV] 31

u(70-100)Good m(50- g than 50)Poor Control.Overal,
Peycho-Physiology Scores respectively.

Autonomic Neuropathy Test Cardio Dynamic Test
Method:Orthostatic, HRV Method:HRV,APPG,ECG,Vo2Max

o e A
4 .
100 €
S P |
90 Mi X s
L:. 0 30 60

[Poor Overall Cardio Dynamics(31
|Autonomic Neuropathy(70%) | O

HRV:HRVSCORE=82 SDNN=46 RMSSD=62 pNN50=23 | [/02Max(Nx)86(13.9 mets)
LF/HF=2.3 SD1/502=1.0 CLF/CHF=3.2 SD/PN=2.0 |  Myocardial StressMild Orthostatic Cardiac Deviation

Energy=559
Vascular Function Test Metabolic Function Test
Method:HRV, APPG, PTT, PFT Method:Reflected Light Spectrum in Capilary

Poor Vascular Dynamic(-5) | 'some blood biochemistry problems(61) |

Vascular Pressure HIGH Blood Biochemiistry Impression:(+ CBC issues(Mild))

Impression:-Average OCIEF) [indi ]

Autonomic Exhaustion- Check Lipid(48 %)
[Vascular Impairment(-1)]

ysiology i Health Issues? yFunction  Grip Strength Test
-Stress(HIGH)?-Sleep?- Metabolism? - Low  Test N/A
Energy/Tiredness?- Aging(+7 years)

SD1/SD2, and LF/HF are high as seen in Figure 3;
while SDNN and pNN50 are found to be lower than
normal. Critical analysis of the overall physiological
state of the homeostasis, in this case, shows that the
vagal compensatory mechanism (as evident by the
high average value of RMSDD and low pNN50) is in-
state to prevent the cardiac risk as a result of the

( iof Tt\ursday ZG-Aumg-ZOU 19:14 PM\
- y \
Slyfas @ & T
Viral Infection Risk(Screening)=53%(HIGH)
Non-Invasive Clinical-Grade Health Assessment Tool
Disclaimer:»Measurement may vary between readings. This APP is not intended to diagnose or treat any
medical condition.No liability is accepted for harm arising from the use of this APP.Verify the results with a
qualified physician.
S /M,12,4'3"(127.0cm),28 Kg,BMI=17.4 (RID:A63126R9)[HRV
Time 120 secs](Measurement Device: Mobile Vivo 1920)ReportQuality=
No background medical information provided
Steps
‘L Lyfas Overall Health Score 25
urrent Health Score a
—Rest and Recovery 39
@ Work Energy | mmmm— -
#zInternal Balance 10
0 Stress Score 3
4 Vo2Max(NoExercise) [ «
@ Cardio Balance 2
@ Cardiac Rhythm 0
i Vascular Health I
4 Metabolism P
“* Body Defense | -
' Respiratory 55
Lyfas General Vitals
600

400

200

-200

-400 Scale Y=5mV, X=250 ms
M ECG M Pulse M APPG

[Prameters ] V] [

[Putse rate |[o7:47] [From Atrat puise PPG (6875 bpm)
[Heart Rate |[NA "] [From Lyfas device ECG(68-79bpm)

[Breathing Rate | [{8I8] [Modulated PPG envelope, (Aduits12-15 bpm)
[Transit Time | [NA_|[ECGPPG time difference.(250ms-350ms)
Hemodynamic |-|Cardlac Hemodynamic Op(EF.CO,CI,SV).(-50%)

Viscosity [B0H [Low Value Suggests Puimonary Edema(-5s%)
Biological Age | [19.0 | [(actual age10)<10 years)

HR Change [17_] [Min-Max HR in 10s windows(<20 bpm) ]
[Cardiac Score | - [Score from ail cardio parameters.(-50%) ]

LRCV Cuherencel-lLEﬂ vs Right CV Coherence.(-70%) ]

]
|
[spo2 |[NA~][saturated blood 02% with device (-04%) ]
|
|
|




30 Journal of Nanotechnology in Diagnosis and Treatment, 2021 Vol. 7

Das and Chattopadhyay

@ Lyfas Signal Quality Analysisz-\/\AAr

1
0 100 200 300 400 500 600

I Pulse M Light M Finger Moved M Shake

0 100 200 300 400 500 600

I Pulse M Light M Finger Moved M Shake

ght Quality Avg: 34 %(ideal<70) Steadiness: 96.0 %

(idea

@ Orthostatic Homeostasis gﬂ@

110
100

90
0 10 20 30 40 50 60 70
M Time(s) vs HR(bpm)
Standing Time Signal Trace
1,200
800
400
0
-400
-800
-1,200
M ECG M Pulse M APPG
Orthostatic Autonomic Exhausition
Orthostatic Statistics:
Sitting HR:99 bpm Standing Max HR:102 bpm
Standing Ratio:0.03(must be between 0.1 and 0.2)
Rise Time:26 s Rising Angle:1.3(Must be between 1.1 to
1.5)
Steady HR:102 bpm Steady State Ratio:0.00(Must be
less than .1)
Ortho Cardio Score: 36 Ref. Cardio Score @Rest:7

(IStanding-Sitting| Cardio score difference must be between 0-8).

@ Lyfas Chromatography3 g

010 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200 210 220 230 240 250

ASA

M Red Spectrum M Green Spectrum B Blue Spectrum

LO—WRUIOINOO

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63

W RED Spectrum M Green Spectrum M Blue Spectrum

pression WHO Hemoglobin Strp(Match | this)

[Parameter | [Value] |

@ various red and their 11-18)
Redness

[ Solute | (7. |Represems components like Calcium, Urea, Uric Acid, Vitamin D(1-10)

Represents WBC C:
s [nfavclmn)pes)
Probable Total Protein=3.1(<8), Hemoglobin=12-14 mgDL(Estmd: 14.60)

Anomalies in Spectrum requires detailed blood biochemistry check.

Nierlaimarthramataaranhy ie affantad hu elin racictanna namara flach auality amhiant linht st

@ Lyfas Heart Rhythm Analysis(HRV) Q

Poincare Plot [IBI(n) vs IBI(n+1)](Scale=10ms)
Ectopic Peak=29.0 %(A) Outliers=2.0 %

Represents various protein and alike components(1-5)

/7 White

180
150
120
., *

o ¥ PR

P ' g T .
60 | *the FMBTIE LT

ST Lo ot
30 + * 4 L 1 +

30 60 90 120 150 180

IBI Histogram Triangular Optimization
Triangle Power=90.8(v/) TINN=300.0 ms(v) max(T)/C(T)=4.5(A)

400 500 600 700 800 900 1,000 1,700 1,200
W 1Bl Power Zone M Optimized Triangle

Ectopic peaks are non systolic peaks that appears due to vascular
abnormality, problem in blood biochemistry, lipids, cardio events and so
on. Triangle represents IBI variation around a mean.Very dense triangle

(maxC/maxT <10) or spread triangle (maxC/maxT >70) may point to
autonomic cardio neuropathy or vascular problems.

tendency of underlying sympathetic overdrive (as
evident by the high LF/HF, HR, HR changes, and
SD1/SD2). There is also deterioration of the overall
health condition due to the lower value of SDNN with
the progression of the disease [14-16]. Hence, the
study concludes that Lyfas parameters can predict the
cardiac and general physiological health of the patients

by studying the cardiovascular biomarkers surrogating
for the CAM in his body and thus could be useful to the
neurologists to monitor the progress of the illness and
assess the risk of cardiac involvement in a case of
DMD. The findings conclude that Lyfas can be used as
a prognostic tool for monitoring the extent of cardiac
involvement in case of a neuromuscular disorder.
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Figure 6: Snapshot of one Lyfas report of the present case.
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