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Foreword

The 5™ Conference on Advancements of Medicine and Health Care through Technology - MediTech2016 took place in Cluj-
Napoca in October 12—15, 2016. The Conference aimed to provide opportunities for Romanian and foreign professionals
involved in basic research, R&D, industry and medical applications to exchange their know-how and build up collaboration in
one of the most important fields of science and technology - medical engineering.

MediTech is intended to be an international forum for researchers and practitioners interested in the advance in, and
applications of biomedical engineering to exchange the latest research results and ideas in areas like hardware and software
technologies, medical devices, biosignal and image processing, biomaterials, biomechanics, telemedicine, etc. The importance
of this kind of scientific events was proven by the interest of the prestigious researchers from Romania and abroad who decided
to take part in the 5™ edition of MediTech. Moreover, we were honored to receive the visit of Prof. Kang-Ping Lin, Secretary
General of IFMBE.

All papers submitted for presentation went through a review process and were evaluated by two reviewers. The papers
chosen to be presented at the conference were accompanied by manuscripts to be published in these Proceedings.

We would like to kindly thank the members of the Scientific and Organizing Committees for their hard work and dedication
and we hope that they will continue supporting MediTech.

MediTech2016 Conference Chair
Professor Nicolae Marius Roman
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Ultrasonographic Correlations and Challenges in Liver Hemangiomas

1. Grigorescu', Z. Sparchez’, R. Badea®, M. Dragoteanu®, C.D.Piglesan” and D.L. Dumitrascu’

! 2™ Medical Department, ,,I. Hatieganu™ University of Medicine and Pharmacology Cluj-Napoca, Romania
2 Octavian Fodor” Regional Institute for Gastroenterology and Hepatology Cluj-Napoca, Romania

Abstract- OBJECTIVES. Gray-scale ultrasonography (US)
represents the first method of detecting focal liver lesions. The
aims of our study were to establish in liver hemangiomas possi-
ble correlations between tumoral and liver echogenicity; tu-
moral size and presence of chronic liver diseases (CLD); pres-
ence of peritumoral rim- tumoral and liver echogenicity,
tumoral size and presence of CLD. MATERIAL AND
METHODS. The study involved 352 liver masses in 270 patients
with the presumptive diagnosis of benign liver tumor masses,
established by ambulatory US, hospitalized at the Emergency
Hospital "Prof. Dr. Octavian Fodor" and 2nd Medical Clinic
Cluj-Napoca between 2006-2015. The final diagnosis was estab-
lished based on the results of investigations such as US (gray-
scale and color Doppler), SPECT, liver angioscintigraphy, CT,
MRI, laparoscopy, histology, corroborated with clinical and bi-
ological examinations. RESULTS. The typical image of well-de-
fined (94.81% of cases), hyperechoic mass (81.48% of cases),
without Doppler signal (54.07% of cases), was detected in most
hemangiomas. Presence of steatosis/nonalcoholic steatohepatitis
(NASH) in 69 images from our study revealed the following pat-
terns of hemangiomas: hypo- (16/69 cases), isoechoic (2/69
cases) and heterogeneous (51/69 cases). Fisher 's exact test
shows that there exists moderate association between hyperech-
oic rim and hypoechoic hemangiomas; there were no other sta-
tistically significant associations found between: tumor-liver
echogenicity, hypoechoic rim and tumor size-liver echogenicity.
CONCLUSION. Classic US criteria of hemangioma was found
in 81.85%. Hypo- and isoechoic hemangiomas moderately cor-
relate with the presence of a hyperechoic rim. No statistical cor-
relation was found between the underlying CLD and the heman-
gioma's echogenicity, nor with the presence of any tumoral rim.

Keywords- hemangioma, ultrasound, echogenicity

1. INTRODUCTION

Gray-scale ultrasonography (US) is the first way of
detecting focal liver lesions, but with lower specificity in
establishing their etiology. Typical hemangiomas at US are
hyperechoic, well defined masses, without peritumoral rim,
without Doppler signal [1], but there exist also atypical forms
(especially if the tumor is grafted on chronic liver disease-
CLD): heterogeneous and/or hypoechogenicity hemangio-
mas, or with hyperechoic rim. Preoperative US, although
sometimes their etiology is difficult to establish as gray-scale
US has low specificity in characterizing liver tumors [2]; in

© Springer International Publishing AG 2017

such cases, complementary explorations like: liver scintigra-
phy, angioscintigraphy, contrast-enhanced CT and MR, or
even invasive methods (puncture-biopsy, diagnostic laparos-
copy) with histological examination, are mandatory. Alt-
hough the typical aspect of hemangioma at US is of nodular
hyperechoic, well defined mass, without peritumoral rim,
without Doppler signal [1], there exist also atypical forms:
heterogeneous and/or hypoechogenicity hemangiomas, or
with hyperechoic rim [3].

The aims of our study were to establish in liver hemangi-
omas possible correlations between tumoral and liver echo-
genicity; tumoral size and presence of chronic liver diseases
(CLD); presence of peritumoral rim- tumoral and liver echo-
genicity, tumoral size and presence of CLD.

1. MATERIAL AND MEETHODS

The study involved in the experiment group 270 patients
(156 women, 114 men), aged 25-81 years, with the presump-
tive diagnosis of benign liver tumor masses, established by
ambulatory US, hospitalized at the Emergency Hospital
"Prof. Dr. Octavian Fodor" and 2" Medical Clinic Cluj-Na-
poca between 2006-2015. There were found 352 liver masses
in these 270 patients, 30 of them having concomitant other
tumor tumors, and 52 being with multiple hemangiomas (he-
mangiomatosis).

The control group consisted of 60 patients (38 women, 22
men), aged 36-82 years with malignant hepatic tumors. Their
diagnosis at admittance consisted of hepatocellular carci-
noma (HCC) (12), metastasis (7), cholangiocarcinoma (3),
hemangioma (2), hamartoma (1), tumor of unknown etiology
(28) and the rest in other extra-hepatic pathologies.

Investigation of patients in this retrospective study was
performed using ultrasonographs Logiq 7 (GE, USA),
Si2000 Sonoline with transducers having 3,5MHz (for pre-
operative diagnosis) and 7,5MHz frequency (for intraopera-
tive diagnosis), tomographic scintillation SPECT Orbiter
Siemens camera, computed tomography (CT) and magnetic
resonance imaging (MRI), along with clinical and biological
examination.

All patients (both the experiment and the control group)
underwent abdominal US examination in gray scale and color

S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;,

12th - 15th October 2016, Cluj-Napoca, Romania,
IFMBE Proceedings 59,
DOI: 10.1007/978-3-319-52875-5 1



Doppler. Most of the patients (56%) underwent at least 2
types of imaging investigation in order to establish the final
diagnosis. Planar liver scintigraphies and SPECT with sul-
phur-colloid (n=211), ,,in vivo” labeled-RBC scintigraphies
(n=189) and liver angioscintigraphies (n=184) were per-
formed. 72 patients underwent CT (1 native and 71 with con-
trast) and 28 MRI with contrast. Diagnostic laparoscopy was
performed in 15 patients, surgical resection in 22, US-guided
puncture-biopsies in 42 and histological examination in 69
patients. The final diagnosis was established based on the re-
sults of all these investigations corroborated with clinical and
biological examinations.From the statistical point of view, in
order to establish possible associations between echogenicity
of the tumor and the liver, respectively tumor's size and the
presence of liver diseases, we used the statistical software in
order to obtain the Hi-square test and Fisher's exact test, co-
efficients of contingency and Cramer's coefficients; p val-
ues<0.05 were considered to have statistical significance. Es-
timation of possible association between the presence of
hypo-/hyperechoic peritumoral rim and tumoral and liver
echogenicity, tumoral size and the presence of CLD was done
through the same tests and correlation coefficients mentioned
above.

. RESuLTS

US parameters in the 270 patients finally diagnosed with
hemangioma revealed the features shown in Table 1.

There have been identified hemangiomas ranging in size
from 0,3-24cm at US. Hemangiomas were located in the right
lobe (298), left lobe (115), caudate lobe (4) and in both lobes
(80).

As shown in Table 1, the presence of hyperechogenicity
and homogeneous structure inside the tumor is not a univer-
sally valid criterion in the diagnosis of hemangioma.

The typical image of well-defined (94.81% of cases), hy-
perechoic mass (81.48% of cases), without Doppler signal
(54.07% of cases), was detected in most hemangiomas
(Fig.1). Hypoechoic masses (Fig.2) associated with the pres-
ence of a heterogeneous structure and hyperechoic rim raised
problems of differential diagnosis in 7 cases, requiring sup-
plementary investigations. Out of all 274 cases with US-
presumption of hemangiomas, 270 patients proved to have
finally hemangiomas, 3 HCC (and coexistence with one he-
mangioma in one case), 1 cholangiocarcinoma and coexist-
ence with metastases (from gastric carcinoid); in 21 cases it
was not possible to differentiate US from other tumors (1 li-
poma, 1 pheochromocytoma, 1 area of calcification, 3 metas-
tases, 2 regenerative nodules, 2 focal nodular hyperplasias, 3
patchy areas of steatosis, 6 HCC, 2 hemangiosarcomas). Co-
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existence with other masses was found in 30 (11.11%) pa-
tients: simple hepatic cysts (17), fatty-free areas (4), focal
nodular hyperplasia (3), HCC (2), patchy areas of steatosis
(2), hepatic hydatid cyst (1) and metastasis of gastric car-
cinoid (1).

Table 1 US parameters in hemangiomas

Echogenicity

-high 220
-low 41
-isoechoic 6
-mixt 3
Echostructure

-homogeneous 189
-heterogeneous 81
-calcifications 4
Delimitation

-clear 256
-imprecise 3
-polycyclic 10
Peritumoral rim

-hyperechoic 7
-hypoechoic 5
IDoppler signal

-absent 146
-weak 11
-present 26
-central 1
-peripheral 7
-central+ peripheral 1
-spotted-like 11
-arterial type -
-venous type 6
-mixed type 6

Fig.1 US: typical hemangioma
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Fig.2 US: atypical hemangioma

Absence of Doppler signal (146/157), spotted presence
(11/157) were identified in all hemangiomas located in the
right lobe (157), the left lobe being difficult to explore due to
artifacts produced by the cardiac cycle; in one case, exacer-
bated and tortuous vascularisation pattern (arterial and ve-
nous type) rose the suspicion of neoplasia, but puncture-bi-
opsy confirmed the diagnosis of hemangioma.

There were identified multiple hemangiomas in 52 cases
(19.25%), their increased echogenicity and multicentricity
raising problems of differential diagnosis with liver metasta-
ses.

Table 2 US characteristics of hemangiomas grafted on normal liver and on

different CLD
\Hemangiomas on: |normal liver|steatosis+ NASH +cirrhosis
chronic hepatitis (al-
coholic+ viral)
hyperechoic 126 45 28
lhypoecoic 17 16 3
isoechoic 2 3 0
mixt 2 0 0
lhomogeneous 114 5
inhomogeneous 38 65
lhypoechoic rim 2 2
hyperechoic rim 3 3 0

Legend: NASH- nonalcoholic steatohepatitis

Of all 17 cavernous hemangiomas, US described 14
(82.35%) as such, two of them being thrombosed, and in one
case as atypical cavernous hemangioma.

Out of 270 patients explored by US, we detected 52 cases
of hemangiomatosis, 17 cavernous hemangiomas, 213 hy-
perechoic masses (being grafted in descending order on:
chronic hepatitis, cirrhosis, and normal liver, steatosis and
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NASH), 39 hypoechoic masses (with maximum percentage
on: steatosis and NASH, followed by cirrhosis, normal liver,
chronic hepatitis) and 5 isoechoic and 2 with mixed echo-
genicity (hypo- and hyperechoic) (Table 2).

When comparing echogenicity and echostructure of heman-
giomas, we observed differences between the 2 groups of pa-
tients, namely those without liver disease and those with
CLD. Also, the presence/absence of peritumoral and rim's
echogenicity according to the size of hemangioma are shown
in Table 3.

Diagnosis of hemangioma was suspected only in 93.70 %
(253/270) cases of all patients with final diagnosis of heman-
gioma, the rest being diagnosed by US as: lipoma (1), metas-
tasis (3), tumors of unknown etiology (5), regenerative nod-
ule/HCC (1), steatosis, patchy steatosis (1), focal nodular
hyperplasia (1), pheochromocytoma (1), benign tumor with
arterial-venous shunt (1), malignancy (2), and in one case US
did not detected any mass (isoechoic).

Table 3 Tumoral and rim's echogenicity according to the size of hemangi-

oma
\Hemangiomas: isize>2cm size<2cm
hyperechoic 136 77
lhypoechoic 30 9
isoechoic 5 0
mixt 2 0
with hypoechoic rim 4 1
with hyperechoic rim 6 1

The presence of hypoechoic rim was described in 4/220
cases (0.018%) of histologically proven hemangiomas. The
hyperechoic rim was present in 14.89% of the cases (repre-
senting 7/47 patients). There were no differences regarding
the predominance of peritumoral hypoechoic rim in the two
subgroups of hemangiomas grafted on normal liver and CLD
(Table 4); the predominance of hyperechoic rim was ob-
served in iso- and hypoechoic hemangiomas. The peritu-
moral rim depending on the size of the hemangioma was
more commonly seen in hemangiomas >2 cm, but without
any statistical significance.

Hi-square test of independence finds no association be-
tween tumor echogenicity and hypoechoic rim in patients
with hemangiomas (y2 =1.125 < 7.81, p=0.650); but it
showed that there was only moderate association between hy-
poechoic rim and hyperechoic tumor in patients without he-
mangioma (p=0.004). Fisher 's exact test shows that there ex-
ists moderate association between hyperechoic rim and
hypoechoic  hemangiomas (Cramer coefficient=0.37,
p=0.001) and between hyperechoic rim and isoechoic heman-
giomas (p<0.05).

The association between the presence of the hypoechoic
rim and hepatic echogenicity or tumor size is shown in Table
4.
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Table 4 Correlation of hypo- and hyperechoic rim with hemangioma’s
echogenicity and size, echogenicity of liver and presence of CLD
Criteria: hypoechoic hyperechoic
rim rim
Echogenity of hemangioma
hyperechoic 5/270 1/270
isoechoic 0 3/270
hypoecoic 0 3/270
mixt 0 0
Echogenity of liver
normal 4/270 5/270
increased 1/270 2/270
Size of hemangioma
<2cm 1/270 1/270
>2cm 4/270 6/270
Presence of CLD
yes 3/270 4
no 2/270 3

Legend: CLD- chronic liver diseases

Fisher's exact test shows no association between liver
echogenicity and hypoechoic rim (p=0.205) or hyperechoic
rim (p=0.273) of hemangiomas. Fisher's exact test shows no
association between hemangioma size and hypoechoic
(p=0.659) or hyperechoic rim (p=0.427) of hemangiomas.

Presence of steatosis/nonalcoholic steatohepatitis (NASH)
in 69 images from our study revealed the following patterns
of hemangiomas: hypo- (16/69 cases), isoechoic (2/69 cases)
and heterogeneous (51/69 cases).

The association between the presence of the hyperechoic
rim and tumoral size and the presence of CLD is shown in
Table 4. Fisher's exact test shows no association between the
presence of underlying CLD and hypoechoic (p=0.328) or
hyperechoic (p=0,468) rim.Statistical parameters of the US
method used in the diagnosis of hemangiomas are shown in
Table 5.

Table 5 US sensitivity, specificity, positive and negative predictive laues
in the diagnosis of hemangioma

US diagnosis of hemangioma:

Presence of CLD Size of hemangioma
No (n=155) Yes (n=115) | <2cm (n=95) |>2cm (n=175)

Se (%) 94.48 94.78 98.95 92.57
(90.08-97.75) | (88.99-98.06) | (94.27-99.97)| (87.63-95.99)

Sp (%) 94.12 84.21 94.87 85.51
(83.77-98.77) | (72.13-92.52) | (82.68-99.37)| (74.96-92.83)

PPV (%) 98 92.37 97.92 94.19
(94.27-99.59) | (86.01-96.45) | (92.68-99.75)| (89.57-97.18)

NPV (%) 85.71 88.89 97.37 81.94
(73.78-93.62) | (77.37-95.81) | (86.19-99.93)| (71.11-90.02)

Legend: Se-sensitivity, Sp-specificity, PPV-positive predictive value, NPV-
negative predictive value, CLD- chronic liver diseases
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US alone established the diagnosis of hemangioma in 44%
cases and US together with scintigraphic methods in 36%
cases; other imaging and invasive techniques (contrast-en-
hanced-US, computed tomography, magnetic resonance,
puncture-biopsy, diagnostic laparoscopy, histology) were
necessary to corroborate with the previous methods in the rest
of 20% patients. Figure 3 shows the methods used in
corroboration, being both imaging and invasive, that
contributed to the final diagnosis of hemangioma.

ous

BUS+Scinti

ous+CT

OUS+scinti+RMN

B US+scint+CT

D US+PBH+histo

B US+Scinti+CEUS
DUS+RMN+CEUS
BUS+CEUS+CT

B US+OP+histo

O US+scinti+CT+OP+histo
BUS+scinti+PBH+histo

B US+scinti+CT+PBH-+histo
B US+scinti+CT+aparo
BUS+scinti+RMN-+aparo

B US+scinti+OP-+histo
BUS+scinti+RMN+CEUS
OUS+CEUS+CT+RMN
OUS+Scinti+CT+CEUS
OUS+PBH+histo+RMN
OUS+scinti+OP-+histo

D US+scinti+RMN-Haparo
DOUS+scint+CT+RMN
OUS+Scinti+CT+CEUS+Haparo
B US+scinti+CEUS+CT+PBH+histo

Fig.3 Imaging and invasive technics used in the diagnosis of hemangioma
Legend: Scinti-scintigraphy, RMN-MRI, PBH-punction biopsy, histo-
histology, OP-surgery, laparo-diagnostic laparoscopy

v. DiscussioN

The value of different US methods (pre- and intraopera-
tory), computed tomography (CT), magnetic resonance
(MR), differ depending on etiology of the tumor. US repre-
sents the first method of detection of hemangiomas.

The issue of differential diagnosis of hyperechoic masses
grafted on CLD is difficult, as far as it was shown that 15-
50% of focal lesions grafted on cirrhosis initially interpreted
as hemangiomas, are actually HCC [4, 5]. The chance of pre-
existence of a vascular malformation (hemangioma) grafted
on CLD is about 50%, but it is always necessary to corrobo-
rate with complementary methods (CT, MR, ,,in vivo” la-
beled-RBC SPECT) in order to exclude a HCC. Transfor-
mation of hypoechoic nodule in a hyperechoic mass can be
explained by necrosis and interstitial fibrosis; in these cases
is not possible to differentiate from a typical small hyperech-
oic hemangioma [6].

Literature mentioned the typical "low-flow" hemangioma
in cases of hyperechoic well defined masses, without peritu-
moral rim, and the "high-flow" hemangioma, which are com-
monly hypoechoic and with atypical aspect in gray-scale US
[7]. There have been described both qualitative and quantita-
tive differences regarding the presence of Doppler signal in
color and Power Doppler, being cited both lack and presence
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of increased (especially peripheral, but also central) vascular
signal, suggestive for the diagnosis of hemangioma [8].

Hemangioma occurs as hyperechoic masses, which some-
times presents central thrombi, cystic areas and intratumoral
calcifications, due to the thrombotic formation in time, cystic
degeneration and calcification, or intratumoral necrosis.
These atypical features make difficult sometimes the differ-
ential diagnosis with malignant tumors [9, 10].

A special mention concerns the hemangiomas grafted on
steatosis, showing various aspects of echogenicity (from
hypo, to hyperechoic) and of CT density (hyperdense-native,
isodense-arterial phase); in these cases MR and/or histologi-
cal examination are mandatory, and sometimes fine needle
aspiration biopsy is useful in order to clarify the diagnosis
[9]. This might explain the 69 images from our study in pa-
tients with: steatosis/nonalcoholic steatohepatitis (NASH),
which were hypo- (16/70 cases), isoechoic (2/70 cases) and
heterogeneous (91,66% cases); cirrhosis with 3/21 hypo- and
18/21 hyperechoic hemangiomas; chronic viral and toxic
hepatitis, with 3/30 hypo- and 27/30 hyperechoic masses.

The attempt to establish an association between the tu-
mor's echogenicity and presence of CLD, or tumor size has
not shown any statistical significance; we found a good cor-
relation (p =0.001) between hyperechoic rim and hypo- and
isoechoic hemangiomas.

Spotted presence of Doppler signal was identified in 7%
(11/157) of our cases, the rest of the masses in the right lobe
being without vascular signal. The model of the spotted
mixed type of vascularisation (both arterial and venous) was
encountered also in literature, but in a greater proportion (14
%) [11].

US is able to detect, within the 40% cases with hyperech-
oic rim in literature (where differential diagnosis with metas-
tases from insulinomas is required), atypical forms as solid
tumors with hypoechoic areas and with the described features
in periphery [12].

We could establish the diagnosis of atypical hemangiomas
in 19 of our cases, that would qualify as: heterogeneous
(n=7), having hypoechoic inhomogeneous structure, hy-
perechoic rim, and size of 2,7-9cm (average 4,5 lcm); heman-
giomas with calcification (n=4) and multilocular cavernous
hemangioma (n=8).

Corroboration of US with dynamic CT and ,,in vivo” la-
beled-RBC SPECT have shown a high sensitivity, specific-
ity, and high diagnostic accuracy [13], similar to the data in
our study.

Limits of the study were: the impossibility of follow-up in
all focal lesions and histopatological documentation for all,
and the varying experience of the examiner.
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v. CONCLUSION

Classic criteria of hyperechoic, well defined tumor and
without Doppler signal was found in 81.85% hemangiomas,
US proved to have increased specificity for masses <2 cm
(94.87%) and grafted on normal liver (94.12%). Hypo- and
isoechoic hemangiomas moderately correlate with the pres-
ence of a hyperechoic rim. No statistical correlation was
found between the underlying CLD and the hemangioma's
echogenicity, nor with the presence of any tumoral rim.

Presence of hemangiomas grafted on CLD is a challenge
for the physician, as it is important for the differential diag-
nosis with HCC or even metastases, especially when atypical
hemangiomas are hypoechoic. A good correlation of US pa-
rameters with other imaging methods (scintigraphy, CES), in
case of atypical features, can avoid liver biopsy and enables
to establish a correct positive diagnosis.
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Impact of Spectralis Optical Coherence Tomography in the Clinical Practice

S.D. Nicoara

"luliu Hatieganu" University of Medicine and Pharmacy/Ophthalmology, 8. V. Babes str., 400012, Cluj-Napoca, Romania

Abstract— Optical Coherence Tomography (OCT) is a rela-
tively new, high resolution, non-invasive imaging method
which was applied for the first time in ophthalmology. It is
rapid, easy to perform and analyze, very comfortable for the
patients and it offers detailed information about the ocular
structures, allowing early diagnosis and treatment in a variety
of ocular conditions. The description of Spectral Domain OCT
principle is followed by the presentation of the investigation
capabilities, technical characteristics and examination modules
belonging to the Spectralis device (Heidelberg Engineering).
The contribution of this modern investigation tool in the clini-
cal practice is illustrated with cases from the personal experi-
ence.

Keywords— Spectral Domain OCT, Age related Macular
Degeneration, Vitreo-Macular Interface Syndrome, Diabetic
Macular Edema.

1. INTRODUCTION

Optical Coherence Tomography (OCT) is a high resolu-
tion, non-invasive imaging method that started to be used in
the clinical practice in 1990s. The first application of OCT
technology was in the field of ophthalmology and the imag-
es resembled the histological sections of the retina. Howev-
er, the pictures depict the result of the scanned tissues' opti-
cal properties, not the tissues themselves [1].

OCT concept developed at Massachusetts Institute of
Technology, at the beginning of 1990s. The first
commercial device was made by Carl Zeiss (Jena,
Germany) in 1996. The first OCT applications referred to
quantitative and qualitative information about the
peripapillary area of the retina and the coronary arteries [2].

OCT uses light, as opposed to ultrasonic biomicroscopy
(UBM) that uses ultrasounds, with the aim to visualize eye
structures. Light speed is 1 million times higher than sound
speed. By consequence, resolutions lower than 10 p microns
are obtained in the posterior pole of the eye with OCT
technology. For many years, UBM offered resolutions in the
range of 150 p. By using high frequencies, resolutions of 20
u are possible with UBM technology. The ultrasound waves
used in UBM are markedly attenuated by the biological
tissues and therefore, are limited to the examination of
anterior eye structures [3].

OCT exam is very comfortable for the patient, as it does
not require the direct contact with the eye.

© Springer International Publishing AG 2017

1. DESCRIPTION OF THE DEVICE

A. Overview

Spectralis is a multimodal platform that uses the confocal
laser technology, in order to obtain color and spectral opti-
cal coherence tomography (OCT) images of the eye struc-
ture. Two different laser wavelengths catch simultaneously,
the OCT and the fundus image of the eye [3].

The principle of Spectral Domain OCT (SD-OCT) is
based on the Fourier equation, as compared to Time Do-
main OCT (TD-OCT) that developed on the ground of in-
terferometry. In TD-OCT, an interferometer measures se-
quentially, the delay of light echoes that are reflected by the
retinal microstructures. In SD-OCT, a spectrometer evalu-
ates simultaneously, the light reflected by retinal micro-
structures. In TD-OCT, 6 radial scans are performed,
whereas in SD-OCT, 65.000 scans are made within an area
of 6 mm diameter. Acquisition time is about 60 times faster
with SD-OCT devices and the axial resolution varies be-
tween 3 - 7 y, as compared to TD-OCT ( 10 -15 p) [3].

Eye tracking function is used to neutralize the errors in-
duced by involuntary eye movements. Spectralis is able to
detect changes within 1 - 2 microns, at the depth of 289
microns, and it is able to filtrate and select the high resolu-
tion images, in order to identify the finest details. The auto
re-scan function is very important for the patient's follow-
up, as it places the subsequent scans precisely at the initial
examination site. The deep layers can be examined with the
enhanced-depth OCT function (EDI-OCT) [3].

B. Investigation possibilities

Spectralis offers the following imaging possibilities for
the eye: spectral domain OCT (SD-OCT), infrared (IR), red
free, fundus autofluorescence (FAF), confocal multicolor
3D, wide field (55°%), SD-OCT for the diagnosis and moni-
toring of glaucoma, anterior segment imaging [3].

C. Technical characteristics

Domain: Spectralis operates in the spectral domain OCT,
based on the Fourier equation.

Minimal scan speed: 40000 A-scans /second

Laser light sources:
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A super luminescent diode A 870 nm acquires the images.

IR light (A 815 nm) allows the visualization of detailed
images of the eye fundus.

A green laser (A 518 nm) ensures the obtaining of confo-
cal, 3D images of the retina, with multicolor technology.

A blue laser (A 486 nm) is used for identifying fundus au-
to fluorescence (FAF) and obtaining the red free images.
The blue light makes it possible to identify fundus auto
fluorescence, based on the fluorescent properties of
lipofuscin. With red free light, specific structures are visual-
ized: nerve fiber layer, epiretinal membranes and retinal
cysts.

The simultaneous, confocal, 3D collection of the imaging
data with three different types of lasers (red, green and blue)
allows to evaluate various retinal layers on a single image.

The device also offers the possibility to combine the
above mentioned acquiring modalities, in various ways,
according to the investigated retinal condition: IR and FAF,
OCT and IR, OCT and FAF, OCT and red free, OCT and
3D multicolor confocal eye fundus examination [3].

D. Examination modules

Anterior segment: By the use of a high resolution 3D ex-
amination lens, images with 7 p axial resolution and 30 p
lateral resolution can be obtained. The scanning depth in the
tissue is of 1.9 mm.

Multicolor confocal 3D module: 1t allows the visualiza-
tion of the 3D, color image of the eye fundus, simultaneous-
ly with the transverse section through the retina. Thus, dif-
ferent retinal structures are evaluated on one single image.
Scanning with multiple laser wavelengths allows the de-
tailed evaluation of the retinal structure: superficial, middle
and deep retinal layers.

Wide field module: 1t makes possible to view the retinal
periphery, by OCT and fundus image, using a non-contact,
55° lens. The high resolution visualization of the macula,
optic nerve and retinal periphery is achieved in a single
image. The scanning models are: radial 55° central and
volume 55°x25° (for the diabetic patients) /55°x40° /25°x5 °©
central.

Glaucoma module: It allows the complete analysis of
glaucoma, with the evaluation of the neuro-retinal rim,
retinal nerve fiber layer (RNFL) and asymmetry regarding
the posterior pole and the ganglion cell layer.

The optic nerve head (ONH) analysis is made using the
Bruch's membrane opening as the anatomical frontier for
the rim. The neuro-retinal rim is measured between Bruch's
membrane opening and the nearest point of the internal
limiting membrane (ILM).

During scanning, the device lines up automatically, the
fovea with the central axis of Bruch's membrane opening.
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Future scans and sectors are placed exactly on the previ-
ous sites, which is very important for the accurate monitor-
ing of the disease progression.

Various scans are available: 24° radial scan, circular
scans with 3,5 mm/4,1 mm/4,6 mm diameter, volume scans
of 30°x25°30°x15° /15°k15 °, circular scan of the RNFL at
12°, with 768 analyzed points [3].

II. SPECTRALIS OCT IN THE DIAGNOSIS AND MONITORING OF
MACULAR DISORDERS

Optical Coherence Tomography is widely used in the as-
sessment and monitoring of macular diseases. We illustrate
the contribution of Spectralis in the clinical practice with
selected cases from our own experience. The patients were
included in this study in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000 and 2008.

A. Age related Macular Degeneration (AMD)

AMD is one of the retinal conditions that benefited the
most from the progress in of OCT technology. The main
advantage of the OCT imaging is the quantification of the
retinal thickness, allowing to monitor the anti-VEGF treat-
ment efficacy in wet AMD. OCT is also able to identify the
location of the fluid in neovascular AMD: intraretinal, sub-
retinal or sub-Retinal Pigmented Epithelium (RPE) [4].

According to OCT imaging, the choroidal neovascular
membranes (CNV) in wet AMD were classified into 3
types. In type 1 (occult neovascularization), CNV is located
under the retinal pigmented epithelium (RPE), in type 2
(classic neovascularization), it is located above the RPE and
in type 3, there is a retinal angiomatous proliferation (RAP).
In large RPE detachments, breaks in the RPE layer can
occur. The rupture of the RPE layer appears as a clearly
demarcated region of RPE absence, adjacent to a region of
RPE elevation. The reversed shadow effect is identified.
Often, especially in type 2 CNVs, the interruption of the
RPE layer is identified. In type 2 CNV, the neovascular
membrane is located in the subretinal space and it pene-
trates through the RPE/Bruch's membrane complex. RAP is
a rare form of wet AMD that originates in abnormal neo-
vascular tissue from the deep retinal layers [5].

The response to anti-VEGF therapy is translated into the
OCT imaging, by the diminishing/disappearance of the
intra/sub-retinal fluid and by the decrease of the PEDs size
and of the macular thickness [2].
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Fig. 1. Classic form of neovascular AMD

Figure 1 presents the combined IR-OCT image of the ret-
ina in a patient with wet age related macular degeneration
(AMD). The neurosensitive retina is detached by fluid (su-
perior arrow) originating in a fibro-vascular membrane
under it (inferior arrow). The retinal pigmented epithelium
(RPE) layer is irregular and disrupted in the area of lesion.
The fluid has no reflectivity (it appears black on the black-
white image). This aspect corresponds to the classic neo-
vascular membrane which responds better to anti-VEGF
therapy, as opposed to occult membranes which are located
under the RPE. OCT has a major role in locating precisely
the neovascular membrane in relationship with the RPE and
the neurosensory retina.

Fig. 2 RTM map in a patient with classic form of neovascular AMD

In figure 2, the retinal thickness map (RTM) in the same
patient as in figure 1, is presented. The thickness of the
macula is significantly increased in the macular area located
infero-temporally from the fovea. This is signalized by
white and red colors.

OCT is able to identify early stages of AMD, named
drusen, as elevations and irregularities of the RPE line (fig-
ure 3).

Fig.3. Drusen

IFMBE Proceedings Vol. 59

B. Vitreo-macular interface disorders

Vitreo-macular interface disorders benefited from the ad-
vances in OCT technology, in terms of the diagnosis preci-
sion and surgical indication [3]. In figure 4, an advanced
stage of vitreo-macular traction syndrome is presented.
Along time, it led to the disorganization of the macular
retina, which is dissected by liquid spaces and cysts. There-
fore, the resistance of the retinal tissue is considerably di-
minished. In this situation, the dissection of the vitreo-
macular interface, in order to relieve the traction, is risky, as
it may lead to the break and detachment of the retina.

Fig. 4. Retinal disorganization following an advanced vitreo-macular
interface syndrome

Figure 5 depicts the fellow eye of the same patient. Ob-
viously, the vitreo-macular traction is less advanced, but
there are modifications of the retinal structures: the macular
thickness is increased and a hole within the retina is identi-
fied. Surgery in this situation is indicated, in order to pre-
vent the progression of the disease.

Fig. 5. Fellow eye in the same patient as in figure 3

RTM proves the increased macular thickness and offers
precise values for this parameter, within the macular area
(figure 6).
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Fig. 6. RTM for the same eye as in figure

C. Diabetic maculopathy

Diabetes is the main cause of visual impairment in the
group of working age population. Maculopathy is the main
cause of vision decrease in the diabetic patients. Progress in
OCT technology allows early diagnosis and treatment of
diabetic macular edema, which is crucial for vision preser-
vation [6]. The main mechanism of macular edema caused
by diabetes is represented by the microangiopathy at the
level of the retinal capillaries [3,6]. Figure 7 presents in-
traretinal microaneurysms (hyperreflective dots) that leak,
as proved by the non-reflective material (liquid) elevating
the neuro-sensory retina.

Fig. 7. Diabetic macular edema

The liquid within the neuro-sensory retina is responsible
for the considerable macular thickening, as shown in figure
8 (the maximal macular thickness appears of 600 ).

Fig. 8. Macular thickening in diabetes

v. CONCLUSIONS

Spectralis is a very useful tool in the diagnosis and moni-
toring of macular diseases. A super luminescent diode (A

IFMBE Proceedings Vol. 59
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870 nm) is used to acquire the OCT images. The simultane-
ous, confocal, 3D collection of the imaging data with three
different types of lasers (red, green and blue) allows to
evaluate the structure of various retinal layers on a single
image.
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Abstract — Among the congenital diaphragmatic hernias,
the Morgagni type lies in the anterior and medial aspect of the
diaphragm, as a defect of fusion of the septum transversum.
Even in asymptomatic cases a surgical repair is indicated
because of potential complications. In this paper we report a
67 years old woman presented with an unclear symptomatolo-
gy, but the CT scan shown a retrosternal diaphragmatic defect
of 45 mm. The surgery performed was a laparoscopic repair
with transfascial suturing with extracorporeal knotting. This
report supports the laparoscopic repair of diaphragmatic
defects and the particular technique presented is an easy and
rapid procedure with excellent results.

Keywords— diaphragmatic hernia, laparoscopic repair,
Morgagni hernia

1. INTRODUCTION

The three principal types of congenital diaphragmatic
hernias are Bochdalek, hiatal and Morgagni’s, which is the
rarest form. They were first described in medical literature
in the early 18th century [1].

Generally, Morgagni's hernia, which is the topic of this
case report, present early in life with respiratory symptoms.
Adult presentations are less frequent, particularly sympto-
matic adult presentations [2]. Surgical repair is mandatory
even in asymptomatic cases to avoid the risk of life-
threatening complications, such as bowel prolapse and sub-
sequent strangulation [3, 4]. Laparoscopic repair is the
procedure of choice in uncomplicated cases [5].

In this report we present a case of a greatly successful
laparoscopic repair by transfascial suturing with extracorpo-
real knot tying technique.

1. CASE REPORT

A 67-year-old female patient, known with ischemic heart
disease, presented to the outpatient clinics at our Institute, in
April 2015, with symptoms of intestinal subocclusion.
About one year ago she start complain of intermittent,
vague epigastric pain, which was aggravated mainly by
heavy meals and associated with nausea and vomiting. She

© Springer International Publishing AG 2017

also noted that she’d lost 5 kg in the last 6 months. The
patient reported no dysphagia, early satiety, dyspnea, sweat-
ing or palpitations. She denied any history of trauma as
well.

Physical examination was unremarkable; her vital signs
and lab tests were within normal limits. Cardiopulmonary
and abdominal examinations were normal as well. Chest X-
ray was normal, thus we performed a thoracic CT-scan with
oral contrast that showed an anteromedial, retrosternal dia-
phragmatic defect of approximately 45mm (LL).

Furthermore, the transverse colon and part of the omen-
tum were herniated into the thoracic cavity, and so the pa-
tient was diagnosed with Morgagni’s Hernia. Routine pre-
operative investigations included complete blood count,
liver function test, electrolytes levels, coagulation tests,
ECG and an abdominal US, all of which were normal.

1. SURGICAL TECHNIQUE

The operation was performed under general anesthesia
with endotracheal intubation, the patient was placed in a
supine, 15 degrees, anti-Trendelenburg position and the
lower limbs were in abduction. The operating surgeon stood
between the patient’s legs and the assisting surgeon on his
left.

A 2 cm supraumbilical skin incision was made, Veress
needle was used to create a CO2 pneumoperitoneum of 12-
14 mmHg under a 1/min flow rate. Then a 10 mm optic
trocar was introduced in a closed technique at the su-
praumbilical skin incision as a camera port. Throughout
inspection of the intraabdominal space, a 6x7 cm anterome-
dial diaphragmatic defect was detected and the hernia sac
was empty as the abdominal contents were spontaneously
reduced by the time of the operation (Figure 1). After that a
10 mm and a 5 mm trocars were inserted under direct cam-
era visualization in the right and left hipochondriums, re-
spectively, at the midclavicular lines. Thereafter we dissect-
ed and excised the hernia sac and sectioned the falciform
ligament by electrocautery. Next, we performed 5 interrupt-
ed (1-0 silk) sutures in a U-shape manner using a Reverdin
needle; meaning that we started inserting the suture extra-
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corporeally at a point on the skin going diagonally through
the anterior abdominal wall and exiting at a point on the
internal surface of the abdominal wall. Then we took the
anterior edge of the defect and went back at another point
alongside the first one on internal surface of the anterior
abdominal wall but going out at the same point of skin entry

(Figure 2).

Fig. 1 - Intraoperatory aspect of Morgagni’s Hernia

No knotting was made until all the sutures were in place,
whilst the stitches were clamped with a grasper. The sutures
were then manually tightened under videocamera visualiza-
tion and tied at the subcutaneous level (Figure 3). A drain-
age tube was placed in the interhepatophrenic space. Post-
operative evolution was uneventful and the patient was
discharged on postoperative day one.

Fig. 2 - Insertion of the stitches with the Reverdin needle

IFMBE Proceedings Vol. 59
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Fig. 3 - Stitches in place before knotting

v. DiscussioN

Morgagni’s hernia was first described by Giovanni-
Battista Morgagni in 1761.[6] It is a rare type of congenital
diaphragmatic hernias in which abdominal contents herniate
into the thoracic cavity through a triangular retrosternal
(anteromedial) diaphragmatic defect that results from failure
of fusion of the pars costalis and pars sternalis of the septum
transversum [7, 8].

Morgagni’s hernia is frequently found on the right
(91%), most probably because the heart and pericardial
attachment would impede its occurrence on the left [9]. A
well-formed peritoneal sac is usually found containing the
transverse colon and the omentum in most cases and to a
lesser extent, the liver, stomach and the small intestine [7].

When the defect is relatively large, significant visceral
herniation and intrathoracic compression would lead to
respiratory distress, strangulation, or even cardiac tam-
ponade presenting early in life, otherwise, patients usually
remain asymptomatic until later in life and are usually diag-
nosed incidentally by chest X-ray [10]. Acute life-
threatening presentation is reported in adults as well, with
strangulation and large bowel obstruction comprising most
of the cases [11].

The gold standard for the diagnosis of diaphragmatic
hernias is barium enema. A lateral CXR can demonstrate a
gas pattern, haustrations and even the defect in the pericar-
diophrenic angle. CT scan and MRI may be needed in more
vague cases to confirm the diagnosis [12]. Once the diagno-
sis is made, surgical repair is indispensable due to the risk
of the life-threatening complications mentioned earlier [3,
4].

Generally, repair is performed through an abdominal or a
thoracic approach. Laparotomy is more preferred in compli-
cated cases with strangulation and intestinal obstruction,
however, laparoscopic repair remains the optimal surgical
approach in uncomplicated cases [5].
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Numerous successful laparoscopic techniques were de-
scribed in the literature, varying mainly in terms of placing
a mesh, primary repair of the defect, knotting and the dis-
cussion of whether to remove the sac or not.

Intraoperatively we detected a retrosternal defect of ap-
proximately 6 cm in diameter, thus we chose to perform a
primary repair with nonabsorbable silk (1-0) sutures placed
in a U shape manner using Reverdin needle in a transfascial
extracorporeal knotting technique.

Rau [13], Huntington [14], Del Castilo [15] and Bortul
[16] used polypropylene mesh prosthesis. Their decision is
mostly advocated to the relatively larger defect dimensions
(6), (4x9), (12x15), (6x10) cm respectively. There is no
established limit regarding the indication of a mesh place-
ment, but when the defect is larger than 20-30 cm2, a mesh
placement is substantially preferred [17].

Kuster [18], Vinard [11] and Fernandez [19] reported
successful laparoscopic primary repairs with running su-
tures, in contrast, Newman [20], Orita [21] and Angrisani
[22] choose to perform laparoscopic primary repairs with
separate sutures. We preferred to do separate sutures be-
cause we believe and as other authors note it that separate
suturing helps to avoid tissue tearing. Furthermore, intra-
corporeal knotting is rather challenging because of the de-
fect location in a plane parallel to the instruments, aside
from the scanty tissue to which the defect is supposed be
sutured to [23].

Whether to remove the sac or not is genuinely controver-
sial, systematic studies entailing complication risk assess-
ment are lacking. The most serious complication related to
sac removal is fatal pneumopericardium moreover injuries
of the mediastinal and pericardial pleura were reported as
well [24]. However, other authors stated that sac excision is
a crucial step that can decrease the risk of recurrence if
performed with supreme level of precision and accuracy
avoiding pleural or pericardial injuries [25].

Rau [13], Newman [20] and Fernandez [19] excised the
sac with no complications or recurrences reported. In our
experience we decided to defy the risks with careful, con-
fined dissection and excision of the sac with which we came
through successfully.

Laparoscopic repairs using staples were implemented as
well, Smith [26] performed a primary repair while Bortul
[16] used a mesh. Regarding recurrence after laparoscopic
repair, a valid estimation is unobtainable due to the lack of
follow up figures. Our experience is quite recent, therefore
follow up data is still unavailable.
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v. CONCLUSION

Laparoscopic repair with transfascial sutures and extra-
corporeal knot tying is a distinct, durable, easy and efficient
approach for the management of Morgagni’s hernia. It of-
fers a successful repair with less postoperative pain and
hemorrhage, shorter hospital stay and recovery time, re-
duced risk of postoperative infections, rapid return to regu-
lar physical activity and overall it is cosmetically preferred.
The transfascial suturing provides an easy, fast, durable and
efficient repair of the defect without the need for a mesh
placement. Likewise, the extracorporeal knotting is much
easier to execute compared to intracorporeal knotting.
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Abstract—Type 2 diabetes mellitus has been associated with
elevated high-sensitivity C-reactive protein (hsCRP), but the
possible implication of ambulatory heart rate (HR) variability
in enhancing chronic subclinical inflammation biomarkers
remains to be elucidated. We aimed to evaluate the correla-
tions between HR variability and coefficient of variance as-
sessed during 24-hour ambulatory blood pressure monitoring
(ABPM) and hsCRP in type 2 diabetes and control subjects.
The observational study included type 2 diabetes (n=75) and
control (n=11) subjects. HR variability was calculated as
standard deviation of mean HR during daytime, nighttime and
24-hour periods. The coefficient of variation was calculated
using standard deviation and mean HR. Nighttime HR dipping
was calculated using daytime and nighttime HR variability.
We found higher hsCRP in type 2 diabetes compared to con-
trols. Also, we found that daytime, nighttime and 24-hour HR
variability and coefficient of variance were lower in the type 2
diabetes group compared with the control group, while type 2
diabetes subjects receiving pB-blockers had even lower ambula-
tory HR variability and coefficient of variance. Subjects with
diabetic neuropathy, retinopathy and atherosclerotic cardio-
vascular disease had lower HR variability and coefficient of
variance compared to their peers without disease. We observed
that daytime and 24-hour HR variability inversely correlated
with hsCRP, while all HR variability parameters inversely
correlated with hypertension duration in the study population.
Nighttime HR dipping inversely correlated with duration of
type 2 diabetes and hypertension. Our results suggest that 24-
hour ambulatory HR variability and coefficient of variance are
significantly correlated with chronic inflammation evaluated
using hsCRP in type 2 diabetes and control subjects, and these
findings deserve further investigations.

Keywords—heart rate variability, high-sensitivity C-reactive
protein, type 2 diabetes mellitus, ambulatory blood pressure
monitoring.

1. INTRODUCTION

Type 2 diabetes mellitus (T2DM) has been associated
with abnormal cardiac autonomic function and elevated
inflammatory markers. Heart rate (HR) variability is an
established non-invasive measure of autonomic nervous
function and, in subjects with diabetes, HR variability was
able to discriminate cardiac autonomic neuropathy [1].
Decreased HR variability was described in T2DM [2] and
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was associated with increased risk for the development [3]
and progression of cardiovascular disease [4].

The autonomic nervous system dysfunction affects the
behavior of endothelial cell. HR variability was significant-
ly inversely associated with CRP levels in healthy subjects
[5], subjects with cardiovascular disease [6] and T2DM [7].
These evidences prove the relation of systemic inflamma-
tion with the function of autonomic nervous system.

There have been described many methods of assessing
HR variability [6]. However, the possible implication of HR
variability evaluated during 24-hour ambulatory blood pres-
sure monitoring (ABPM), in modulating chronic inflamma-
tion biomarkers in subjects with diabetes remains to be
elucidated. In our study, we aimed to evaluate the correla-
tions between ambulatory HR variability and coefficient of
variance and hsCRP in T2DM and control subjects.

1. PATIENTS AND METHODS

The observational study included data from 86 persons.
Consecutive T2DM subjects (n=75) were selected from
Clinical Diabetes, Nutrition and Metabolic Diseases Centre,
Cluj-Napoca, Romania, between July 2013 and February
2014. The control subjects (n=11) were selected from First
Medical Clinic, Cluj-Napoca, Romania. The subjects ful-
filled all the inclusion criteria: adults (men and women),
Caucasian, previously diagnosed with T2DM and no diabe-
tes and no hypertension for the control group. The subjects
were not included in the study if they had: autoimmune
diseases, estimated glomerular filtration rate
<30ml/min/1.73m2, malignancies, major cardiac arrhythmi-
as, unstable cardiovascular condition and secondary hyper-
tension.

In accordance with the World Medical Association Dec-
laration of Helsinki of 1975, as revised in 2000 and 2008,
and with the ethical standards of the responsible committee
on human experimentation (institutional and national), the
study protocol was approved by the Ethical Committee of
“Iuliu Hatieganu” University of Medicine and Pharmacy
Cluj-Napoca, Romania. All participants were aware of the
investigational nature of the study and agreed to participate
after providing written informed consent.
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The study protocol, biochemical measurements and 24-
hour ambulatory HR and blood pressure monitoring have
been previously described [8]. T2DM and its complications
(neuropathy, retinopathy and atherosclerotic cardiovascular
disease) were diagnosed according to American Diabetes
Association criteria [9]. Hypertension was diagnosed when
two blood pressure measurements repeated at two visits
were above 140 mmHg for systolic blood pressure or above
90 mmHg for diastolic, or the use of antihypertensive drugs
[10]. The coefficient of variance (CV) was calculated using

the formula [11]:100 * HR standard deviation pyp variability
mean HR

was calculated as standard deviation of mean HR during
daytime, nighttime and 24-hour periods. HR dipping index

D.M. Ciobanu et al.

Table 1 Baseline characteristics of the study groups

Variables gloznlti())l ;l;ly:p;sﬁ diabetes 5;11%
Age (years) 54.148.0 59.6+7.3 0.027
Male Gender (n, %) 6(54.5%) 34 (45.3%) 0.57
Smoking status (yes, %) 5(45.5%) 13(17.3%) 0.032
Body mass index (kg/m?) 27.3£3.7 31.5+4.4 0.004
Waist circumference (cm) 100+9.8 109.9+10.2 0.004
Office heart rate (beats/min) 75.6£102  75.9+12.1 0.93
E?nfﬂfggs)y stolic blood pressure 165,84 136.3215.6 <0.001
Er)f;]c&gastohc blood pressure 76.9+6.7 81.7+10.6 0.15
HsCRP (mg/1) 0.48+0.15  0.71£0.35 0.015

(%) was calculated using the formula: (1 — nighttime HR)

100.

Statistical analyses were performed using R 2.15.1 and
LibreOffice programs. The Kolmogorov—Smirnov test was
used to assess the normality of all variables distribution.
The continuous data were expressed as means +/— standard
deviation when normally distributed or as median and inter-
quartile range when not normally distributed. The categori-
cal or dichotomous variables were expressed as percentages
and absolute values. Group comparisons of variables were
performed using ANOVA, chi-square and Kruskal-Wallis
tests. The relationship between ambulatory HR and other
variables were evaluated using Pearson or Spearman coeffi-
cient. Statistical significance threshold was considered
p<0.05.

daytime HR

1. RESULTS

The baseline characteristics of the study participants in-
dicated significant differences in age, systolic blood pres-
sure, body mass index and waist circumference between the
two groups. Also, hsCRP was significantly higher in the
T2DM group than in control group (Table 1). In the T2DM
group, the duration of T2DM 8.0(3.0-13.0) years and the
hypertension duration was 9.0(3.0-13.0) years.

Diabetic peripheral neuropathy was present in 50.7% of
the T2DM subjects, while nephropathy and retinopathy
were present in 34.7% and 33.3% of the T2DM subjects,
respectively. Cardiovascular disease was present in 44% of
the T2DM subjects, while hypertension was present in 88%
of the T2DM subjects. In the T2DM group, 21.3% were
receiving oral antidiabetic drugs and 78.7% were receiving
insulin therapy. Treatment with B-blockers were receiving
in 56% of the T2DM subjects, while 86.7% were receiving
angiotensin-converting enzyme inhibitor or angiotensin
receptor blockers, 30.6% were receiving calcium channel
blockers and 64.0% were receiving diuretics.

We found no significant differences in mean daytime,
nighttime and 24-hour HR between the two study groups.
The daytime, nighttime and 24-hour HR variability were
higher in control group compared with the T2DM group,
but the statistical significance was reached only for 24-hour
HR variability. When analyzing the CV, we observed that
the T2DM group had lower levels compared to the control
group, but the statistical significance was reached only for
the 24-hour period. Nighttime HR dipping was significantly
lower in the T2DM group compared with the control group
(Table 2).

Table 2 The 24-hour ambulatory HR parameters of the study groups

Variables (Cno:nlt?;l (Tnyf%i diabetes p- value
Mean daytime HR 75.6+5.7 73.9+8.8 0.54
Mean nighttime HR 62.7+6.6 66.1£8.1 0.19
Mean 24-hour HR 72.6£5.6 72.1£8.3 0.84
Daytime HR variability ~ 9.0+2.3 7.7£2.8 0.13
Nighttime HR variability ~5.9+2.3 5.2+2.1 0.36
24-hour HR variability 9.9£2.1 7.9£3.1 0.041
Daytime HR CV 11.9£2.9 10.4+£3.5 0.16
Nighttime HR CV 8.74£3.1 7.5+3.0 0.19
24-hour HR CV 14.0£3.3 11.3+3.7 0.24
Nighttime HR dipping 17.0(11.4;21.4) 11.4(6.1;15.1)  0.005
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When analyzing the T2DM group, we found that subjects
receiving [-blockers (n=42) had significantly lower
nighttime HR variability (4.3+1.7 vs. 5.8+£2.1; p=0.001) and
24-hour HR variability (7.5£2.5 vs. 9.0£3.0; p=0.02), and
lower daytime HR variability (7.1+£2.3 vs. 8.3£3.1; p=0.06)
compared with the T2DM subjects not receiving B-blockers
(n=33). Also, T2DM receiving B-blockers had significantly
lower nighttime HR CV (6.6.1£2.7 vs. 8.7£3.0; p=0.002),
lower 24-hour HR CV (10.6+3.2 vs. 12.2+4.1; p=0.058) and
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lower daytime HR (9.9+2.9 vs. 10.9+4.0; p=0.188) com-
pared with the T2DM subjects not receiving B-blockers.

The correlations of ambulatory HR variability in the
study population are presented in Table 3. Daytime and 24-
hour HR variability significantly and inversely correlated
with hsCRP levels, even after adjustment for age, sex,
smoking status, body mass index and diabetes duration.
Similar results were observed when correlating daytime,
nighttime and 24-hour CV of HR with hsCRP. Daytime (r=
-0.23; p=0.040), nighttime (r= -0.23; p=0.040) and 24-hour
HR variability (r= -0.30; p=0.008) significantly and inverse-
ly correlated with hypertension duration, even after adjust-
ment for age, sex, smoking status, body mass index and
diabetes duration. The CV of HR was not associated with
hypertension duration. No significant results were obtained
when assessing the correlation between mean ambulatory
HR and hsCRP levels.

Table 3 Correlations of HR variability in the T2DM group

Daytime HR ~ Nighttime HR ~ 24-hour HR
variability variability variability

Variables

hsCRP -0.23; p=0.030 -0.04; p=NS -0.23; p=0.036

Nighttime HR dipping inversely correlated with T2DM
duration (r= -0.27; p=0.013) and hypertension duration (r=
-0.45; p< 0.001) in the study population, even after adjust-
ment for age, sex, smoking status and body mass index.

In the study population, subjects with diabetic peripheral
neuropathy had significantly lower daytime HR variability
(7.0£2.1 vs. 8.6£3.0; p=0.006) and 24-hour HR variability
(7.3£2.2 vs. 9.3+£3.0; p=0.001) compared to subjects without
neuropathy. Also, subjects with diabetic retinopathy had
significantly lower daytime HR variability (6.6+1.9 vs.
8.3+£2.9; p=0.007) and 24-hour HR variability (7.1£2.6 vs.
9.0+£2.9; p=0.005) compared to subjects without retinopa-
thy. Subjects with atherosclerotic cardiovascular disease
had significantly lower daytime HR variability (7.1£2.2 vs.
8.3+3.0; p=0.05), nighttime HR variability (4.4£1.8 vs.
5.4+2.1; p=0.038) and 24-hour HR variability (7.4+2.3 vs.
9.0+3.0; p=0.007) compared to subjects without atheroscle-
rotic cardiovascular disease. Similar results were observed
when evaluating CV of HR in subjects with neuropathy,
retinopathy and cardiovascular disease compared to subjects
free of mentioned chronic diabetes complications.

1v. DiscussioNn

HR variability is considered the earliest indicator of dia-
betic cardiovascular autonomic neuropathy [12]. We found
that daytime, nighttime and 24-hour HR variability and CV
were lower in T2DM group compared with the control
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group, while T2DM subjects receiving B-blockers had even
lower ambulatory HR wvariability and CV. Similarly, Su-
charita et al observed that T2DM subjects had lower HR
variability using another method for assessing HR variabil-
ity [2]. However, in a study evaluating type 1 diabetes sub-
jects, the B-blockers proved a favorable effect on both auto-
nomic function and inflammation by increasing HR
variability and decreasing CRP [13]. The immunomodulato-
ry effect of B-blockers, particularly on C-reactive protein,
has been reported in coronary artery disease [14]. Our data
on the direct relation between the use of B-blockers and
decreased HR variability and CV, as shown by the reduction
in standard deviation mean ambulatory HR confirm the HR
decreasing effect of B-blockers.

Daytime and 24-hour HR variability negatively associat-
ed with hsCRP levels, even after adjustment for confound-
ing factors. Our results agree with the findings of one study
that described the inverse relationship between HR variabil-
ity and inflammatory biomarkers in support to the role of
autonomic nervous system in determining excessive in-
flammatory reactions [7]. Decreased daytime, nighttime and
24-hour HR variability associated with increased hyperten-
sion duration, suggesting that longer disease duration has a
negative impact on autonomic system normal function. It is
known that supine hypertension often coexists with orthos-
tatic hypotension in autonomic dysfunction and it is associ-
ated with end-organ damage [15].

We found that nighttime HR dipping inversely correlated
with duration of T2DM and hypertension in our study popu-
lation, even after adjustment for confounders. Older age and
longer diabetes and hypertension duration had lower
nighttime HR dipping. The non-dipping pattern of the
nighttime blood pressure was associated with increased risk
for cardiovascular events [16] and related to longer diabetes
[17] and hypertension duration. In addition, nighttime HR
dipping was significantly lower in the T2DM group com-
pared with the control group. The findings of the present
study suggest the possible connection between HR non-
dipping pattern and increase risk of cardiovascular events.

Autonomic neuropathy can coexist with peripheral neu-
ropathy in subjects with diabetes. We found that the pres-
ence of diabetic peripheral neuropathy and retinopathy
negatively correlated with daytime and 24-hour HR varia-
bility and CV. This finding suggests that the mechanisms
involved in diabetic retinopathy development and progres-
sion might be similar to those involved in autonomic nerv-
ous system dysfunction. As previously described [4], the
presence of atherosclerotic cardiovascular disease was nega-
tively associated with daytime, nighttime and 24-hour HR
variability and CV.
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v. CONCLUSIONS

Our results suggest that 24-hour ambulatory HR variabil-
ity and coefficient of variance are significantly correlated
with chronic inflammation evaluated using hsCRP in type 2
diabetes and control subjects. Any speculation on
cause/effect relationship of this two parameters is risky and
beyond our intentions. Based on our results, we propose the
use of 24-hour ABPM as a useful and reproducible method
for assessing mean HR and HR variability when other more
accurate methods are not available.
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Heart Rate Dynamics Study on the Impact of "Mirror Therapy" in Patients with
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Abstract— Mirror therapy (MT) has been seen to provide
encouraging results in hemiparesis treatment. For stroke there
are evidence that MT, used like an additional intervention,
improves recovery of arm function and a there are a few evi-
dence regarding rehabilitation of lower limb function and pain
after stroke. Firm conclusions could not be drawn yet, that's
why the objective of this study is to evaluate the clinical aspects
of mirror therapy (MT) interventions after stroke, which pa-
tients are likely to benefit most from MT, and how MT should
preferably be applied. Co-monitoring blood pressure, HRV,
respiratory rate and oxygen saturation can bring valuable
information on cardiovascular reactivity in patients after
stroke but also on the effectiveness of therapy, as MT. The
study will attempt to correlate neurophysiological aspects and
hemodynamic using both classical and modern methods of
analysis based on nonlinear analysis, less used today. We used
a series of additional tests of stimulation the sympathetic and
parasympathetic system, to emphasize the influence of those
two elements.

Keywords— mirror therapy (MT), stroke, Heart Rate Vari-
ability (HRV).

1. INTRODUCTION

According to the World Health Organization, 15 million
people suffer stroke worldwide each year. Of these, 5 mil-
lion die and another 5 million are permanently disabled.
High blood pressure contributes to more than 12.7 million
strokes worldwide. More than 50% stroke patients remain
vocationally impaired and about 30% need full support for
activities of daily living [1].

Mirror therapy has been seen to provide encouraging re-
sults in treatment of hemiparesis. It seems likely that this
illusion enhances activation of the premotor and motor
cortex in a similar way to action observation or motor im-
agery as in Figure 1 [2]. For stroke there is a moderate qual-
ity of evidence that MT as an additional intervention im-
proves recovery of arm function, and a low quality of
evidence regarding lower limb function and pain after
stroke [3][4]. Firm conclusions could not be drawn yet,
that's why the objective of this study is to evaluate the clini-
cal aspects of mirror therapy (MT) interventions after
stroke, which patients are likely to benefit most from MT,
and how MT should preferably be applied.

© Springer International Publishing AG 2017

The novelty that will bring the study will attempt to cor-
relate neurophysiological aspects and hemodynamic using
both classical and modern methods of analysis based on
nonlinear analysis, less used today.

Figl. Patient following mirror therapy

The paper aims to end acquisition, measurement and
analysis parameters electrophysiology and hemodynamics
using non-invasive methods in order to evaluate the clinical
aspects of mirror therapy (MT) interventions after stroke.
The complexity of the subject and the expertise and experi-
ence of the proposed team members, the project is interdis-
ciplinary - medical and technical [5] [6].

1. WORKING METHODOLOGY

The objective of this study is to evaluate the clinical as-
pects of mirror therapy (MT) interventions after stroke.

In subjects with cognitive impairment and post shock we
analyzed blood pressure, heart rate variability, respiratory
rate, oxygen saturation of peripheral, fasting and effort.
Regulating autonomic processes in the cardiovascular sys-
tem will be evaluated by the Ewing battery of tests (sample
with slow deep breathing, active orthostatic test, Valsalva
maneuver, BP response and BP response to standing and
isometric contraction of the hand). Also it was also recorded
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and EEG at rest and the challenge will be detailed observa-
tions in other papers.

The concept of cardiovascular homeostasis is the tenden-
cy for the body to maintain a relatively regular heart rate
(the amount of RR intervals varies within a relative range,
as shown in Figure 2) and blood pressure regularly under
variable environment. The heart rate is influenced, among
others, by regulating autonomic (sympathetic and parasym-
pathetic). Experimental sympathetic stimulation reduces
ventricular refractory period, decreases ventricular fibrilla-
tion threshold, post-potential excitatory and stimulate cardi-
ac automaticity. Vagal stimulation increases the refractory
period, ventricular fibrillation threshold increases, decreases
cardiac automaticity. Under normal circumstances, at rest,
sympathetic efferent are weak; vagal activity is important, it
reduces the heart rate to 60-70 / min.

IBﬂs | 745

_

Fig.2. RR interval variation during recording

Most secondary stroke disability is recovered in a few
months, but others may persist for life. It should be noted
that rehabilitation should start as soon, so a greater chance
of recovery this early stage. Disabilities are widening or
remain constant over time, which is why the establishment
of rehabilitation program has to be made as soon as possi-
ble.

The time needed for recovery after a stroke should not be
underestimated. Studies have shown that if the recovery
process is started and functions, the recovery of the patient
is faster.

Methods of rehabilitation after a stroke vary from person
to person, but the same purpose, namely:

- Acquiring a functional status that provide independence
and minimal help from other people

- Accommodating of people with physical and mental
changes caused by stroke

- Appropriate integration in family and community.

The experiment will try to evaluate changes in cardiovas-
cular reactivity and response of the central nervous system
and peripheral occurring disorders subsequent stroke. We
achieved a correlation of various parameters obtained by
non-invasive methods: neuropsychological tests, testing
hemodynamic, neurophysiological, diagnostic algorithms to
determine what can possibly lead to an early diagnosis fol-
lowed by appropriate therapeutic sanctions.
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Because a number of heart diseases may represent
potential risk factors for stroke, interpretation of the ECG
may show arrhythmias such as atrial fibrillation or may
indicate acute ischemia. All patients with stroke should
conduct an ECG as part of the initial assessment, and during
the rehabilitation process.

In order to correlate hemodynamic and neurophysiologi-
cal aspects we used both classical and modern methods of
analysis based on nonlinear dynamics [7], [8].

RR series analysis is a standard method for estimating
the heart rate a patient. Heart rate variability (HRV), as
measured by ECG techniques, is used to assess vagal and
sympathetic influences on the heart. A great variability in
heart rate indicates that the mechanisms regulating normal
cardiovascular functioning and decreases HRV indicates
damage control mechanisms. Decreased HRV is a predictor
of a cardiac event or death from cardiovascular causes.

Also in clinical trials were conducted all 5 tests within
the "battery" Ewing, but in the present paper will refer only
to the first 3 related to HRV.

The 3 tests referred to are:

1. Heart rate variability at controlled deep breathing;

2. Heart rate variability Valsalva maneuver;

3. Heart rate variability to standing (30/15).

In the first test HRV was measured during a 6 cycles of
deep breathing. R-R interval difference between the longest
(exhale) and the shortest R-R (inhale) is normally greater
than 10 beats / minute. Reducing this gap signifies impaired
parasympathetic component.

During Valsalva maneuver the patient expires, for 15-30
seconds in a chamber connected to a pressure gauge, a pres-
sure of 40 mmHg, while the ECG is recorded. Valsalva ratio
is calculated by dividing the interval R-R longest immedi-
ately following the test phase during bradycardia, the R-R
interval soon noticed during the maneuver and reflecting
tachycardia triggered by exertion. A Valsalva ratio greater
than or equal to 1.21 is normal and if it is less than or equal
to 1.10 is pathological.

In the last test, after 15 seconds of ECG recording supine
subject is raised and recording continues until the 40th beat
after assumption of the standing. R-R interval is measured
from the 15th and 30th line. Shows a healthy subject at the
15th tachycardia and bradycardia beating the 30th, leading
to a near 30/15 ratio R-R 1.2.

The other two tests of "battery" are related to measur-
ing blood pressure and bring additional information in order
to achieve the best possible image on the health of the sub-
ject as well as its evolution.

ECG signals were recorded using a data acquisition sys-
tem data MP150 from BIOPAC Inc., which is comprised of
a module amplifying electrocardiographic (ECG100C)
represented by an instrumentation amplifier with a single
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channel, high gain, with differential input special designed
to monitor the heart's electrical activity. As software tools
were used Acknowledge ver. 4.2 (also developed by Biopac
Inc.) for signal acquisition and processing, and analysis of
HRYV was performed using HRV Kubios.

1. HEART RATE VARIABILITY ANALISYS AND OBSERVATIONS

Heart rate variability was analyzed by statistical meth-
ods, linear and nonlinear.

RR Interval Time Series Results for a single sample
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Fig.3. HRV time analysis result

The most important indicators of the time analysis are:

- Heart rate - average rate around 70 beats / minute. One
person Normal heart rate is influenced by some of the vague
nerve (parasympathetic) which has inhibitory effects on the
other side of the sympathetic system that has stimulant
effects. Regarding this parameter were observed major
changes. There have been cases where that depending on
laterality damage following treatment frequency decreased
over time. In Figure 3 it can be seen a decrease in variability
after the start of therapy.

- The standard deviation of all RR intervals (Standard
deviation of the NN intervals - SDNN) shows the degree of
homogeneity of values. SDNN was correlated with reducing
dysfunction the left ventricle.

- SDNN index is the average standard deviation of all RR
intervals for 5 min fragments of the ECG. SDNN index is
considered primarily highlights autonomic nervous system
influence on HRV.

- The root mean square of successive differences between
normal beating of the heart (The square root of the mean of
the squares of differences between adjacent NN intervals -
RMSSD) estimates parasympathetic activity of the heart.

All parameters mentioned above have undergone changes
illustrated in Figure 4, which may explain the effectiveness
of therapy used.

00:05:1
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Time-Domain Results
Variable Units Value
Mean RR~ (ms) 7541
STD RR (SDNN) (ms) 104.8
Mean HR" (1/min) 81.28
STDHR (1/min) 14.07
RMSSD (ms) 59.8
NN50 (count) 82
pNN50 (%) 20.2
RR triangular index 17.696
TINN (ms) 625.0
After

Variable Units Value
Mean RR” (ms) 805.7
STD RR (SDNN) (ms) 85.3
Mean HR* (1/min) 75.26
STD HR (1/min) 7.47
RMSSD (ms) 549
NN50 (count) 95
pNN50 (%) 25.0
RR triangular index 18.143
TINN (ms) 370.0
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Fig.4. HRV time domain results before and after 6 weeks

Linear analysis - analyzing the frequency domain (PSD -
power spectral density) allows an assessment of the auto-
nomic nervous system at any time of registration. It uses
Fast Fourier Transform and basic indices of spectral analy-
sis of heart rate are:

- Total power spectrum (PT) fully reflect changing vege-
tative influences on heart rate,

- High-frequency spectral component (high frequency-
HF) — 0.15-0.40Hz expressing parasympathetic innervation
influence,

- Spectral component of low frequency (LF low-
frequency) — 0.04-0.15Hz, characterizing maximum sympa-
thetic activity,

- Spectral component, very low frequency (VLF-very
low frequency) - 0.02-0.04 Hz, thermoregulatory mecha-
nisms and influenced by the activity of the renin-
angiotensin system.

- Coefficient sympathetic activity in relation to the para-
sympathetic expressed as LF / HF ratio sympathetic or para-
sympathetic predominance highlights.

As regarding the parameters obtained from the HRV fre-
quency domain analysis, there were changes in their best
condition outlined depending on the location and length of
time since the manifestation of stroke, an example is shown
in Figure 5.
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Frequency-Domain Results

FFT spectrum (Welch's periodogram: 256 s window with 50% overlap)
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Frequency (Hz)
Frequency Peak Power Power Power
Band (Hz) (ms?) (%) (n.u.)
VLF (0-0.04 Hz) 0.0039 9019 7.7
LF (0.04-0.15 Hz) 0.0625 2321 18.5 65.3
HF (0.15-0.4 Hz) 0.2383 1231 9.8 34.6
Total 12574
LF/HF 1.886
After
FFT spectrum (Welch’s periodogram: 256 s window with 50% overlap)
EDR=0.17 Hz|
0 0.1 0.2 0.3 0.4 0.5
Frequency (Hz)
Frequency Peak Power Power Power
Band (Hz) (msg) (%) (n.u.)
VLF (0-0.04 Hz) 0.0078 3385 41.0
LF (0.04-0.15 Hz) 0.1289 3048 37.0 62.7
HF (0.15-0.4 Hz) 0.2344 1812 22.0 37.3
Total 8246
LF/HF 1.682

Fig.5. HRV frequency domain analysis result

v. CONCLUSIONS

An important role in maintaining orthostatic homeostasis
it has the autonomic nervous system. It is considered that
under physiological conditions to lower blood pressure
baroreceptors are activated, that initiate pressor reflex sym-
pathetic influence of what is to increase the peripheral ves-
sels, resulting in vasoconstriction and increased blood pres-
sure respectively. This maintains adequate cerebral
perfusion and avoids loss of consciousness. When these
compensating mechanisms reach critical level, are inade-
quate to maintain continuous hemodynamic parameters
(bradycardia, systemic hypotension) leading to decreased
cerebral perfusion, frequently occurring after stroke. These
patients also states restlessness, anxiety marked. Anxiety is
associated with hyperventilation suggesting the role of the
limbic system in the respiratory pattern. Hypocapnic hyper-
ventilation that accompanies it can induce cerebral vasocon-
striction exaggerated, increased peripheral vasodilation
causing cerebral hypo perfusion and systemic hypotension.
Co-monitoring blood pressure, HRV, respiratory rate and
oxygen saturation can bring valuable information on cardi-
ovascular reactivity in patients after stroke but also on the
effectiveness of therapy, as MT.
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Regarding the results, it has been shown that incorporat-
ing mirror therapy into the conventional stroke rehabilita-
tion program during the early stages of treatment, but also
in early chronic stroke and applying it for a sufficiently long
period might generate a supplementary improvement of the
patient. Evolution of motor parameters during our study was
good all patients showing improvements of movements.
There were changes in LF / HF ratio (HRV analysis in fre-
quency domain), the vast majority of patients with increas-
ing the number of sessions included in MT, but in the ab-
sence of correlation with information neurological we
cannot draw certain conclusions.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

1.  Muzaffar T., Wadhwa RK, Borah D., Laisram N., Kothari SY.
Evaluation of mirror therapy for upper limb rehabilitation in
stroke. LJPMR September 2013; Vol 24(3): 63-9;

2. Fukumura K., et al. Influence of mirror therapy on human motor
cortex. Int J Neurosci 2007; 117: 1039-48;

3. Andritoi D, Matei D, Luca C, Corciova C, Ciorap R, (2015)
Preliminary study of HR analysis on patients recovering after
stroke, 9th International Symposium on Advanced Topics in
Electrical Engineering (ATEE), 7-9 mai Bucuresti, p. 23-26;

4. Luca M. C., Matei D., Ignat B., Popescu C. D., (2015) Mirror
therapy enhances upper extremity motor recovery in stroke
patients, Acta Neurologica Belgica 2015, ISSN 0300-9009 Acta
Neurol Belg DOI 10.1007/s13760-015-0465-5;

5. Pomazan V. M., Petcu L. C,, Sintea S. R., Ciorap R., (2009)
Active Data Transportation and Processing for Chronic
Diseases Remote Monitoring, International Conference on
Signal Processing Systems - ICSPS 2009, p.853 — 857, DOL:
10.1109/ICSPS.2009.120;

6. Andritoi D., David V., Ciorap R., (2014) Dynamics Analysis of
Heart Rate during Magneto-Therapy Session, International
Conference and Exposition on Electrical and Power
Engineering (EPE 2014), 16-18 October 2014, lasi, Romania,
p.514-517,;

7.  Munteanu M., Bechet P., Rusu C., Micu D.D., Munteanu R.A.,
Moga R., Amza C. (2014) Application of Virtual
Instrumentation for Transmitting and Processing ECG Signals,
IFMBE Proceedings of the 4 th International Conference on
Advancements of Medicine and Health Care through
Technology, Springer, 5th — 7th June 2014, Cluj-Napoca,
Romania, p. 215-218;

8. Andritoi D., David V., Ciorap R., Branzild M., (2013)
Recording and Processing ECG Signal During Magnetotherapy
Procedures, ENVIRONMENTAL ENGINEERING AND
MANAGEMENT JOURNAL, Volume: 12, Issue: 6,
Pages:1231-1238 , Published: jun 2013.




Assessment of Nerve Fibers Dysfunction through Current Perception Threshold
Measurement in Diabetic Peripheral Neuropathy

G.V. Inceu', G Roman'? and L.A. Veresiu'?

! “Iyliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca, Romania
2 Clinical Center of Diabetes, Nutrition, Metabolic Diseases, Cluj-Napoca, Romania

Abstract— Diabetic neuropathy is a group of clinical syn-
dromes that may occur separately or in various combinations
and may affect various components of the nervous system. The
involvement of different types of nerve fibers in the natural his-
tory of diabetic neuropathy is selective, being considered that
the first affected in diabetic neuropathy are small unmyelinated
nerve fibers and by measuring the current perceptions thresh-
old (using the Neurometer®) we can quantify the status of three
different types of nerve fibers. The aims of our study were to
assess diabetic peripheral neuropathy (DPN) by measuring the
rapid current perception threshold (R-CPT) using Neurometer,
to estimate the prevalence of DPN using this method, and to an-
alyze the possible correlation between R-CPT and clinical, bio-
chemical and metabolic parameters.

In our study, 52.6% of patients had abnormal (R-CPT) val-
ues to at least one of the three frequencies used (2000 Hz, 250
Hz, 5 Hz). Our results showed higher anthropometric parame-
ters, higher values of glycated hemoglobin (p=0.004) and lipid
fractions and higher percentage of diabetic retinopathy (p
<0.001) and peripheral artery disease (p = 0.001) in patients
with abnormal R-CPT values that in patients with normal val-
ues. Hyperesthesia was present in a higher percentage when fre-
quency of SHz was applied compared with frequency of 250 Hz
or 2000 Hz. We found higher R-CPT values in patients with
higher diabetes duration and we obtained positive and signifi-
cant correlation between duration of diabetes and R-CPT val-
ues for all three frequencies of alternative current.

The results of this study provide valuable information on the
types of nerve fibers affected in DPN. The study highlighted a
number of positive risk factors associated with the presence of
DPN and demonstrated correlations between duration of diabe-
tes and the subpopulation of nerve fibers affected.

Keywords— rapid current perception threshold, Neurome-
ter, neuropathy

1. INTRODUCTION

Diabetes mellitus is one of the most common non-com-
municable chronic disease, becoming a public health prob-
lem and taking epidemic proportions globally [1, 2]. Due to
its chronic and progressive feature, the severity of specific
chronic complications that induces and not least, due to the
financial means for proper management, diabetes is a costly
disease not only for those affected and their families but also
for the healthcare systems [3, 4, 5, 6].

© Springer International Publishing AG 2017

Diabetic peripheral neuropathy is a common complication
of diabetes, more than half of diabetic patients being affected
during lifetime [7]. Diabetes can affect all structures of the
nervous system, autonomic and somatic, central and periph-
eral, but the most frequent form of diabetic neuropathy, en-
countered in the vast majority of diabetic patients, is the typ-
ical diabetic peripheral neuropathy (DPN) or diabetic
sensory-motor polyneuropathy (DSPN), according to the
most recent definition and classifications proposed by the ex-
pert panels of the Diabetic Neuropathy Study Group of the
European Association for the Study of Diabetes
(NEURODIAB) [8]. According to this definition, DSPN is a
“symmetrical, length-dependent sensorimotor polyneuropa-
thy induced by the metabolic and microvessel alterations as
a result of chronic hyperglycemia exposure”. Diabetic pe-
ripheral neuropathy is a major risk factor for diabetic foot ul-
cerations [9, 10, 11], and foot ulcer is the most common sin-
gle precursor to lower extremity amputation among persons
with diabetes [12, 13]. So, there is a body growing of evi-
dence that diabetes complications are commonly acknowl-
edged as the leading cause of the global amputation burden
and contribute to between 25% and 90% of all amputations
[14, 15].

Consensus definitions for DSPN consistently recommend
a combination of neuropathic symptoms and signs, in addi-
tion to specific abnormalities in nerve conduction studies
(NCS), as criteria for diagnosis [16] Even though nerve con-
ductions studies are considered the golden standard for the
diagnosis of diabetic neuropathy, only large myelinated
nerve fibers can be assessed using this method, while in dia-
betic neuropathy it was stated that small nerve fibers dysfunc-
tion precedes the involvement of large nerve fibers [17].
However, small fibers can be assessed objectively by quanti-
fying intra-epidermal nerve fiber density (IENFD) in skin bi-
opsies [18], which is an invasive procedure, or by corneal
confocal microscopy [19, 20, 21].

Measurement of the current perception threshold (CPT)
using the Neurometer® (Neurotron Inc., Baltimore, Mary-
land, USA) is a useful technique for assessing diabetic pe-
ripheral neuropathy [22, 23, 24, 25]. This method has the ad-
vantage to be able to quantify three different types of nerve
fibers: AP, Ad, and C fibers by using different electric stim-
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ulus frequencies (2,000, 250, and 5 Hz, respectively). AP fi-
bers are large myelinated nerve fibers associated with touch
and pressure sensation and C fibers play an important role in
the autonomic nervous system and conduct impulses for tem-
perature and pain.

1. OBJECTIVES

A. To assess diabetic peripheral neuropathy by measuring
the current perception threshold using Neurometer

B. To estimate the prevalence of diabetic peripheral
neuropathy by this method in the study group

C. To analyze the possible correlation between current
perception threshold and clinical, biochemical and
metabolic parameters

111. MATERIAL AND METHODS

In this observational cross-sectional study, were included
150 people with type 2 diabetes treated at Unirea Medical
Center from Cluj-Napoca, between 2009-2011 and at Diabe-
tes Clinical Center Cluj-Napoca between August-October
2012. Inform consent was obtained from all the participants.
All the patients were evaluated in terms of anthropometric
and metabolic measurement and were assessed for the rapid-
current perception threshold (R-CPT) using the Neurome-
ter®.

The Neurometer® generates an alternative current (AC)
stimulus, which was applied at the right hallux using two
golden plated electrodes, and the subject was instructed to
press a button until a stimulus was detected at the site of the
electrode and then to release the button. At each test site,
three different frequencies of 2000, 250 and SHz of AC cur-
rent were applied to stimulate large myelinated alpha beta fi-
bers, small myelinated alpha delta fibers and small unmye-
linated C fibers, respectively, and the Neurometer®
generates R-CPT readings based on the minimal strength of
(AC) stimulus that the patient can detect. For each frequency
(2000, 250 and 5Hz), an R-CPT value was generated and
ranged from 1 to 25. Values ranging from 6 to 13 were con-
sidered normal, values between 1 to 5 indicate hyperesthesia
(increased sensation) while the values between 14 and 25
show hypoesthesia (decreased sensation). Both hyperesthesia
and hypoesthesia reflect the presence of diabetic sensory neu-
ropathy.

Statistical analysis was performed using SPSS 15.0 (SPSS
Inc, Chicago, USA). The normality of variables distribution
was evaluated using Kolmogorov—Smirnov test. Continuous
data were expressed as means +/— standard deviation when
normally distributed or as median for non-parametric data.
Qualitative data were expressed as numbers and percentages.
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Group comparisons of all variables were performed using t-
test for groups with normally distributed data, and Mann—
Whitney test for groups with not normally distributed data. A
p values less than 0.05 was considered statistically signifi-
cant.

1v. REsuLTs
The study group included 150 patients with type 2 diabetes
who met the inclusion criteria. Of these, 50.7% (76) were fe-

male, and 49.3% (74) were males. The characteristics of the
study group are presented in table 1.

Table 1 The characteristics of the study group

Parameter Mean+SD le Maxim
Age (years) 58.8+10.71 21 82
Diabetes duration (years) 7.02+6.35 0 38
Weight (kg) 87.31+16.52 56 148
BMI (kg/m?) 30.82+5.4 18.5 46.3
WC (cm) 107.81+13.31 76 150
HbAlc (%) 7.7+1.4 5.6 14.2
Total cholesterol (mg/dl) 179.78+40.77 52 314
HDL cholesterol (mg/dl) 44.82+11.69 12 100
Triglycerides (mg/dl) 164.42+85.59 34 691
LDL cholesterol (mg/dl) 102.07+35.03 14 195.8
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HbA lc-glycated hemoglobin, BMI-body mass index, WC-waist circum-
ference. Data are presented as means + SD (standard deviation)

We divided the patients in two categories, depending on
the R-CPT values, namely:

- Patients without DPN: R-CPT values between 6 and 13 (in-
cluded) for all three AC frequencies

- Patients with DPN: R-CPT values between 1-5 (defining
hyperesthesia) and between14-25 (defining hypoesthesia).
In our study 52.6% of patients had abnormal R-CPT to at
least one of the AC frequency applied.

We noticed that, in patients with abnormal R-CPT values,
diabetes duration, BMI, waist circumference, HbAlc, total
cholesterol and LDL cholesterol were statistically signifi-
cantly higher than in patients with normal R-CPT values
(Mann-Whitney test). Clinical and biochemical parameters in
the study groups are presented in table 2.

Patients with abnormal R-CPT values showed a statisti-
cally significant higher percentage of diabetic retinopathy (p
<0.001) and peripheral artery disease (p = 0.001) compared
with patients normal R-CPT values (table 3).

We analyzed the patients in the study group based on the
presence of hyper- and hypoesthesia when applying 2000Hz,
250Hz and 5Hz AC stimulus, and we noticed that hyperes-
thesia was present in a higher percentage (15.3%) when fre-
quency of SHz was applied compared with frequency of 250
Hz (6%) or 2000 Hz (4%). The data are presented in table 4.
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Table 2 Clinical and biochemical parameters in the study groups

P " Patients with Patient without p-
arameter DPN DPN value

Age (years) 63(56-69) 57.28+11.13 0.085
Diabetes dura-
tion (years) 9(4-13) 6(4-10) 0.001
Weight (kg) 88.59+17.13 83(75-95) | 0.301
BMI (kg/m?) 31.794547 29.7545.14 | 0.037
WC (cm) 110.65£13.31 104.65512.68 | 0.01
HbAlc (%) 7.94+1.33 74114 | 0.004
Total cholesterol 175.3+43 .21 184.75+37.54 | 0.045
(mg/dl)
HDL cholesterol
(/) 42(37-48) 45(39-50) | 0.034
Triglycerides 172.06+95.82 155.92+72.28 | 0.352
(mg/dl)
LDL cholesterol
(meid) 97.01+£36.96 107.7432.08 | (04

HbA lc-glicated hemoglobin. Data are presented as mean or median + SD

Table 3 The presence of comorbidities and chronic complications in the

study groups
Parameter DPN No DPN p OR
Hypertension | 83.5% |  71.8% 0.084 (11'?197945.2/08) Ic
Dyslipidemia | ~ 87.3% |  80.3% 0.238 (1); 7(251"61) 1C
PAD 20.3% 2.8% 0.001 ?:gg fﬁg 8I)C

DPN-diabetic peripheral neuropathy, PAD-peripheral artery disease, OR-
odds ratio, IC-interval of confidence

Table 4 The presence of hypo- and hyperesthesia in the study group

AC Frequency | Normal R-CPT | Hyperesthesia Hypoesthesia
2000 Hz 72.6 4 233

250 Hz 68 6 26

5Hz 57.3 15.3 27.3

Data are presented as percent.

We decided the allocation of study patients in three cate-
gories, depending on diabetes duration: less than 5 years (66
patients), between 5 and 10 years (49 patients) and more than
10 years (35 patients).

We further analyzed the R-CPT values in the three groups
of patients according to diabetes duration (table 5).

Table 5 The average values of R-CPT according to diabetes duration

Diabetes duration (years)

<5 5-10 >10 p
2000 Hz 10.71+4.19 11.53+4.57 14.68+£5.78 | 0.02
250 Hz 11+4.52 12.294+4.96 13.88+5.34 | 0.15
S Hz 10.23+4.47 12.24+5.41 13.4+5.95 0.05
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We obtained a R-CPT value significantly statistical higher
(p = 0.02) when 2000 Hz stimulus was applied in patients
with diabetes duration more than 10 years compared with pa-
tients with a lower diabetes duration.

R-CPT values were significantly lower in patients with a
diabetes duration less than 5 years, compared with the pa-
tients from the other groups, when 5 Hz frequency AC stim-
ulus was applied (p=0.05).

After calculating the Spearman correlation coefficient, we
found a positive correlation between duration of diabetes and
R-CPT values. The correlation was statistically significant
for 2000 and 250 Hz frequencies (Spearman correlation co-
efficient 0.270 and 0.248) (table 6) and highly statistically
significant for 5 Hz frequency (Spearman correlation coeffi-
cient 0.292) (figure 1).

Table 6 Correlations between diabetes duration and the three AC stimulus
frequency (Spearman correlation coefficient)

AC frequency Diabetes duratiqn
(Spearman Coefficient)

2000 Hz 270(%)

250 Hz .248(*%)

5 Hz 292(*%*)

** Highly significant correlation, p <0.001
* Significant correlation, p <0.05

30

N N
o wm

4

5 Hz AC frequency
[ER
(%)

10 y=0.2663x + 9.6524
R2=0.1081
5
~0.3; p<0.001
0 Ul
0 10 20 30 40

Diabetes duration (years)

Fig. 1 Correlation between diabetes duration and 5 Hz AC frequency

Regarding the antihyperglycemic therapy, a statistically
significant higher percentage of patients with DPN (62.1%, p
= 0.002) were receiving insulin therapy (alone or in combi-
nation with oral antidiabetic agents), while more than half of
patients without diabetic neuropathy were treated only with
oral or noninsulin therapy (60.6%).
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v. DIscussIoNs

In our study, 52.6% of patients had abnormal R-CPT val-
ues to at least one of the three frequencies used.

In the evolution of diabetic neuropathy, hyperesthesia is
considered the first manifestation that appears, followed by
hypoesthesia [26]. In our study, hyperesthesia was present in
a much higher percentage (15.3%) when frequency of 5 Hz
was applied compared with frequency of 250 Hz (6%) or
2000 Hz (4%), suggesting that the frequency of 5 Hz has a
higher sensitivity in detecting abnormalities compared to the
other two frequencies. This finding may suggest that impair-
ment of small unmyelinated nerve fibers precedes the large
myelinated nerve fibers damage, making it consistent with
the existing evidence in the literature [18, 27].

Patients with abnormal R-CPT values presented in a
higher percentage hypertension, dyslipidemia, diabetic reti-
nopathy, peripheral artery disease, but the statistical signifi-
cance was reached only for the last two conditions. In his
work, Matsumoto and co analyzed the relationship between
the CPT values obtained when 2000 Hz AC frequency was
applied and severity of diabetic retinopathy, demonstrating
that these values were significantly higher in patients with
proliferative diabetic retinopathy compared with patients
without diabetic retinopathy, suggesting that progression of
diabetic neuropathy is accompanied by that of diabetic reti-
nopathy [22]. The same results were also described by Koo
Kyung Bo and co, showing a significant association between
the presence of diabetic neuropathy and the severity of dia-
betic retinopathy [28]. Moulik and co [29] have shown in
their study that 40 to 60% of patients with foot ulcers had also
peripheral artery disease, a disorder which confers a high risk
of amputation and mortality. In another study [30] conducted
on 156 Swedes type 2 diabetic subjects, it was found that in
patients with peripheral sensory neuropathy, peripheral ar-
tery disease was three times more common (52%) than in pa-
tients without diabetic neuropathy (16%, p = 0.001). In the
same study it was demonstrated that the incidence of diabetic
neuropathy increases with the severity of diabetic retinopa-
thy. Regarding the association between diabetic neuropathy
and hypertension, Jarmuzewska and co [31] have demon-
strated a strong association, independent of other risk factors,
between the two disorders in patients with type 2 diabetes,
with a relatively short duration of diabetes.

Patient with abnormal R-CPT values had higher BMI and
waist circumference compared with patients with normal R-
CPT values. Wang and co [32] conducted a study on 552 type
2 diabetic patients from Saudi Arabia, aimed to assess the
prevalence of diabetic neuropathy and the correlations be-
tween this microvascular complication and certain parame-
ters. An important conclusion of this study was that duration
of diabetes, abdominal obesity, blood glucose values, white
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blood cells and serum creatinine were associated with a
higher risk of diabetic neuropathy. Also, Ziegler and co [33]
in The MONICA / KORA Augsburg S2 and S3 Surveys have
shown that, in the diabetic studied population, DPN was as-
sociated with age, waist circumference and peripheral artery
disease, suggesting that abdominal obesity and peripheral ar-
tery disease could be important targets of the prevention strat-
egies for diabetic neuropathy.

Another finding of our study was an unsatisfactory glyce-
mic control, reflected by a mean glycated hemoglobin value
0f 7.94%, in patients with DPN, compared with patients with-
out DPN (mean HbA1c=7.41%, p=0,004). Our results are
consistent with the existing evidence. A study conducted on
141 diabetic patients who were admitted on a Neurology de-
partment, has shown that in patients with DPN, fasting blood
glucose and HbA 1 ¢ were significantly higher (p <0.05) com-
pared with patients without diabetic neuropathy [34]. The re-
sults of another study [35] involving 294 type 2 diabetic pa-
tients, demonstrated that age, a poor socioeconomic status,
insulin therapy, a long duration of diabetes and poor glyce-
mic control, were identified as risk factors for diabetic neu-
ropathy.

When we applied 2000 Hz electrical stimulus, we obtained
a mean R-CPT value significantly higher in patients with di-
abetes duration more than 10 years, compared with patients
with a lower diabetes duration and the R-CPT values after
application of 5 Hz frequency stimulus, were significantly
lower in patients with a duration of diabetes less than 5 years.
Consistent with our result, Young and co demonstrated in a
multicenter cross-sectional study, which included 6487 pa-
tients with type 1 and type 2 diabetes, that the prevalence of
diabetic neuropathy increases with age and duration of dia-
betes, being present in over half of patients over 60 years of
age [36].

We noticed in our study that a significantly greater pro-
portion of patients with abnormal R-CPT (62.1%, p = 0.002)
were receiving insulin (alone or in combination with oral
agents), while more than half of patients without diabetic
neuropathy were treated only with non-insulin therapy
(60.6%). Our results correlate with those obtained by Wang
and co [32] in their study conducted on a population of 552
patients with diabetes, and the results showed that in insulin
treated subjects, the risk of diabetic neuropathy was higher
compared to patients treated with oral antidiabetic agents.
Another study involving 294 subjects with type 2 diabetes
demonstrated that insulin treatment is an independent risk
factor for diabetic neuropathy [35].
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vI. CONCLUSIONS

The results of this study provide valuable information on
the types of nerve fibers affected in diabetic peripheral neu-
ropathy. The study highlighted a number of positive risk fac-
tors associated with the presence of diabetic neuropathy and
demonstrated correlations between duration of diabetes and
the subpopulation of nerve fibers affected.

The involvement of nerve fibers in the evolution of dia-
betic neuropathy is selective, so it is important to be able to
apply the proper technique in order to detect, in a non-inva-
sively and quickly way, the exact nerve fiber type affected.
And the Neurometer proved its ability to assess and quantify
the functional status and integrity of the three nerve fibers

types.
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Abstract— The paper analyze the method used by us in in-
sertion of implantable ports for chemotherapy (port-a-
cat/PAC) and to evaluate intra and postoperative complica-
tions. The authors conducted a prospective study in which we
included patients operated at the Fifth Surgical Clinic of the
Municipal Hospital Cluj-Napoca. Implantable chambers was
installed in all cases, by ecoguided puncturing the internal
jugular vein. Of the 250 patients included in the study, 97
patients (38.8%) had breast cancer, 26 (10.4%) lung cancer, 25
(10%) colorectal cancer, 22 patients ( 8.8%) neoplasms in
ENT. Patients were aged between 19 and 74 years. 58% of
patients were stage IV. The main intraoperative complications
were incorrect puncturing / introduction of the catheter.
Among postoperative complications were internal jugular vein
thrombosis (1.2%), abscesses at the site of implantation
(1.6%), extravasation of the port (2%). The method of inser-
tion of implantable chamber through internal jugular vein,
used by us, has very good results, the number of intra and
postoperative complications is minimal, also avoiding catheter
breakage, hemothorax and pneumothorax.

Keywords— implantabil ports, chemotherapy, venous ac-
cess, surgery, postoperative complications

1. INTRODUCTION

Implantable ports (or port-a-cath/PAC) are medical de-
vices consisting of a port (reservoir compartment) and a
catheter. The port is mounted subcutaneously and the cathe-
ter connects the port to a central vein. The port contains a
special membrane that can be punctured over 3000 times.
These devices are used to administer long-term injectable
drug treatment or to deliver chemotherapy to cancer pa-
tients. The main advantages of implantable ports are the
preservation of venous capital, the easier venous access,
lower risk of extravasation of chemotherapeutic agents, the
ability to inject irritants that can cause skin necrosis (cispla-
tin, epirubicin, paclitaxel) while allowing more comfort to
both patients and medical staff [1]. Ports can be made of
titanium, stainless steel or plastic and can be single chamber
or dual chamber. The catheter can have different diameters
and lengths and it is made of polyurethane or silicone [2]. It
can be inserted into a central vein (subclavian vein, external
and internal jugular vein, cephalic vein, basilica vein, fem-
oral vein) by either open access or puncture: using the clas-
sic Seldinger technique or an ultrasound-guided method
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(ultrasound, fluoroscopy or electrocardiograpy) [1,3]. Re-
gardless of the access path, the insertion of the port and
catheter is performed in the operating room in aseptic and
antiseptic conditions specific for vascular approach. In-
traoperative and postoperative complications may occur due
to the fact that this is a surgical procedure and it involves
the introduction of a foreign body into the body (the port is
implanted under the skin and the catheter is inserted into a
vein). The main intraoperative complications may include:
incorrect placement of the catheter, bleeding, cardiac
rhythm disturbances, puncture of the carotid artery, pneu-
mothorax, hemothorax, or even death. Among postoperative
complications, the following can occur: infections of the
skin and subcutaneous tissue, subcutaneous abscess, venous
thrombosis, sepsis, pneumothorax, hemothorax, migration
of the port, externalization of the port, rotation of the port,
occlusion or migration of the catheter, catheter fracture,
catheter disconnection, difficult removal of the catheter.
Complications vary in type and frequency depending on the
method used in mounting the port and the catheter. Howev-
er, morbidity ranges from 8.6 to 31% with a mortality of up
to 1.4% [1,2,3,4]. The method used in our clinic involves
the insertion of the catheter into the internal jugular vein via
ultrasound-guided puncture, and the placement of the port
in the subcutaneous tissue in the anterior chest. The aim of
our study was to analyze this method in delivering chemo-
therapy (port-a-cath/PAC) and to assess the likelihood of
intraoperative and postoperative complications.

1. MATERIALS AND METHODS

To achieve these objectives we conducted a prospective
study which included cancer patients who underwent sur-
gery at the Fifth Surgical Clinic of the Municipal Hospital
in Cluj-Napoca between 2012 and 2015. Surgeries were
performed by the same surgical team. Following local anes-
thesia, a lateral-cervical incision performed under ultra-
sound guidance will allow the puncture and cannulation of
the internal jugular vein. The length of the inserted catheter
was calculated using Czepizak’s formula [5], which is based
on patient height. After the longitudinal incision in the ante-
rior pectoral region, the port is inserted into the subcutane-
ous tissue. The interventions lasted between 20 and 60
minutes. To check catheter placement, chest x-ray was per-
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formed in all patients 30-60 minutes after the surgical pro-
cedure. The correct positioning of the catheter was assessed
in accordance with the criteria described by Petersen [6].
Postoperative follow-up of patients was performed for 6
months and consisted in a general clinical examination
performed once every 30 days. Cervical ultrasound and
chest X-ray were performed if there was a clinical suspicion
of venous thrombosis or if patients experienced local pain,
swelling, local edema or possible rupture or occlusion of the
catheter or port. Complications were divided into: - in-
traoperative complications (failure, incorrect puncturing,
puncturing of the carotid artery, arrhythmias, hemorrhage,
pneumothorax or hemothorax) and - postoperative compli-
cations (thrombosis of the internal jugular vein, superior
vena cava syndrome, abscesses at the implantation site,
externalization, pneumothorax, local hematoma, hemotho-
rax, downtime, extravasation, catheter rupture) [7].

Patient medical data was analyzed regarding the location
of the primary tumor, disease stage, body mass index, onco-
logic history (preoperative chemotherapy, cervical-thoracic
radiotherapy), duration of surgery, intra and postoperative
complications that occurred, time until first use and the
reasons and the incidence of premature removal (port re-
moval program before the end of chemotherapy infusion).
The results of parametric and nonparametric data were
expressed as median values and range. Statistical analysis
was performed using MedCalc version 14.8.1. and the
significance level was p<0.05

1. RESuLTS

Between 2012 and 2015, ports were implanted to deliver
chemotherapy in 250 patients aged 19 to 74 years (median
age 62) at the Fifth Surgical Clinic of Cluj-Napoca Munici-
pal Hospital. Of these patients, 153 (61.2%) were women
and 97 (38.8%) were men. Tumor location is presented in
Table 1.

The catheter was inserted in the right internal jugular
vein in 239 (95.4%) cases and in the left internal jugular
vein in 11 (4.6%) cases. Of the 250 cancer patients, during
implantation, 145 were in stage IV and 42% were in stages
I-III. The main intraoperative complications that occurred in
our study group were represented by: port implantation
failure (4 cases / 1.6%), incorrect placement in the subclavi-
an vein (2 cases / 0.8%), puncture of the common carotid
artery (2 cases / 0.8%), occurrence of paroxysmal tachycar-
dia during catheterisation (1 case / 0.4%). The presence of
hemothorax or pneumothorax was not detected in any of the
cases. In case of incorrect catheter placement (one in-
traoperative case and one case identified following chest x-
ray) the catheter was repositioned immediately after the
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error was detected. In case of accidental carotid artery punc-
ture (in both cases the problem was identified intraopera-
tively by the presence of red arterial blood at the injection
site) the needle was quickly removed and mechanical com-
pression was applied for about 5 minutes; after bleeding has
stopped and the presence and size of the hematoma was
identified (ultrasound), jugular vein puncture and correct
placement of the catheter were resumed, ensuring 100%
success rate.

Table 1. Location of primary tumor

Location of tumor Numl.Jer of Percentage (%)
patiens

Brest 97 38,8
Pulmonary 26 10,4
Colorectal 25 10
ENT 22 8,8
Ovary 16 6,4
Stomach 13 5,2
Esophagus 10 4
Sarcomas 10 4
Urogenital 9 3,6
Pancreas 6 2.4
Melanoma 4 1,6
Cervix 4 1,6
Leukemia 3 1,2
Peritoneum 2 0,8
Gallbladder 1 0,4
Limfoma 1 0,4
Eyes 1 0,4
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These situations appeared when the normal anatomy of
the region was affected by surgery in the laterocervical
region (cancers of the head and neck). Cardiac arrhythmia
(paroxysmal tachycardia) was identified in one patient (72
years old). In this case, when inserting the catheter, proba-
bly due to the introduction of the catheter over a much too
long distance, it punctured the right atrium and led to the
stimulation of the sinus node, which caused heart rhythm
disorders. The catheter was removed and it was safely rein-
serted after the resumption of normal heart rhythm. Post-
operative complications that occurred during the 6-month
follow-up were the following: internal jugular vein throm-
bosis (2 cases / 0.8%), infection (8 cases / 3.2%), abscess at
the implant site (4 cases / 1.6%), externalized port (5 cases /
2%), local hematoma (2 cases / 0.8%), non-functional im-
plants (4 cases / 1.6%) with 2 cases of reimplantation, and
extravasation (1 case / 0.4%).

In case of internal jugular vein thrombosis, patients ac-
cused localized pain in the right cervical region, accompa-
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nied by mild bulging and swelling of the region, three, re-
spectively four months after surgery. The suspicion of
thrombosis was confirmed by ultrasound. A CT angi-
ography was also performed to exclude the presence of
superior vena cava syndrome.

Abscesses at the implant site developed either by using
the port in less than 7 days after the surgery or due to the
immunosuppressive effects of preoperative chemotherapy
or to locoregional radiotherapy performed preoperatively,
tissues in these areas being extremely fragile. Externaliza-
tion of the port occurred in five cases (three cases of pan-
creatic cancer, one case of stage IV colon cancer, one case
of stage IV melanoma), 6 months postoperatively, probably
because all these patients underwent home-based chemo-
therapy using elastomeric pumps, which add extra traction
to the port and tissues, exerted continuously over 24 or 48
hours. In these cases, the port could not be preserved using
surgical repositioning methods and had to be removed
prematurely. Extravasation was detected in one case (stage
IV gastric cancer), when chemotherapy was injected in the
subcutaneous tissue around the port and due to its highly
irritating effect, it caused necrosis of the tissue. Thus, we
had to remove the port. The main causes for the premature
removal of the port (before the end of chemotherapy) in our
study group were represented by: externalization (5 cases),
infection (12 cases), mechanical problems (4 cases), pain at
the implantation site (3 cases), thrombosis (1 case), and
extravasation (1 case). By analyzing the profile of patients
with premature removal of the port, we noticed the presence
of several predictive factors. Thus, the longer the duration
of surgery, the higher the risk of obstruction (20%). Body
mass index (BMI) also plays an important role in the occur-
rence of skin changes and mechanical problems.

A body mass index (BMI) greater than 32 causes a 15%
incidence of skin changes and the percentage of mechanical
port problems increases to 8%. Regarding patient history -
ENT surgery caused skin changes in 10% of patients; cervi-
cal-thoracic radiation therapy resulted in a 10% increase in
intraoperative complications and 14% increase in postopera-
tive complications; preoperative chemotherapy determined
a 10% increase in the incidence of complications (abscess-
es, hematomas). By analyzing the time until the first use of
the port and the occurrence of complications, we noticed an
increase in the number of complications when the port was
used shortly after surgery (Table 2). The number of skin
complications and infections decreases up to 0.7%, respec-
tively 2.5%, when the port is first used 7 days after surgery.

Table 2. Time to first use

Time to first use (days) 0-3 4-7 >7
6,9% 4,1%  0,7%
Infection 8% 6,2% 2,5%

Skin modification

33

Data on premature removal and data regarding the first
use of the port (Table 3) emphasize the fact that the inci-
dence of premature port removal decreases if the port is
only used for the first time 7 days after surgery (up to 1.9%;
p =0.05).

Table 3. Time to first use and premature withdrawal

first use <7 days first use>7days p
Rate of 3.5% 1,9% 0.05
premature
withdrawal
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v. Discussions

The use of implantation ports to deliver chemo-
therapy by means of the ultrasound-guided catheterisation
of the internal jugular vein did not result in the occurrence
of intraoperative or postoperative complication such as
pneumothorax or hemothorax. In the literature, there is a 2-
4% frequency of pneumothorax, which is also influenced by
the implantation method, directly associated with body mass
index [2,8,9]. In our study, intraoperative complications
were represented by the incorrect insertion of the catheter
into the subclavian vein in 0.8% of cases and the accidental
puncture of the common carotid artery in 0.8% of cases,
while data in the literature indicate higher percentages for
these complications, 7.6% and 4.3% [10]. Another type of
intraoperative complication reported in the literature is the
placement of the catheter in the right ventricle [11]. We
used the right internal jugular vein approach more frequent-
ly than the left internal jugular vein approach because of the
difficulties in left-side catheterization. The latter was only
used when right-side approach was impossible to perform
due to the lack of access (history of surgery with changes in
local anatomy, right supraclavicular lymph nodes). The
most common postoperative complications reported in the
literature, occurring after port placement for chemotherapy
are infections (0.7-7%) and venous thrombosis (1.5-13%)
[7,10,12,13]. In our study, infections (4.8%) were associat-
ed with immunosuppression following chemotherapy per-
formed preoperatively and short-timed, less than 7 days
between surgery and the first use of the port. In these cases,
the quick removal of the port is mandatory. Therefore, we
recommend that the port is only implanted at least 14 days
after the last chemotherapy session and WBC count should
be greater than 3000 / mm?* during surgery. We also suggest
that the port should only be used 7 days after surgery. Inter-
nal jugular vein thrombosis occurred in two cases (0.8%)
without subsequent superior vena cava syndrome. Patients
responded well to anticoagulation therapy, without any
requirements for the premature port removal, which only
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happened in one case when it was removed at the patient's
request. We believe that internal jugular vein thrombosis
does not require port removal if the patient does not develop
superior vena cava syndrome and he/she responds well to
anticoagulation therapy. In our study, the incidence of an-
other postoperative complication — the externalization of the
port (2%) — reached the upper limit of records from the
literature [2,12,14], but it complied with the threshold rec-
ommended for this procedure by the Society of Interven-
tional Radiology [14] . It occurred in 5 cases in which pa-
tients with home-based chemotherapy used elastomeric
pumps continuously for 1-2 days. We recommend that the
port should be implanted deeper and with additional and
stronger fixation in these patients. Mechanical problems
arising during the use of the implanted port were solved
using conservative methods. In four cases, the port had to be
removed prematurely (1.6%), but it was later repositioned
using the same approach and the same vein, which is im-
possible when inserting the port into the cephalic vein
[2,14]. Extravasation followed by necrosis occurred in only
one case (0.8%). This type of complication has also been
reported by other authors [12,14] and it required premature
port removal.There was no evidence of catheter breakage or
bending in our study. These complications have been re-
ported in the literature, especially when using the Seldinger
technique [2,14,]. Another important complication, the
"pinch-off" syndrome (the catheter is compressed between
the clavicle and the first rib), with 1.1-5% incidence in the
literature [15], did not occur as a complication in any of the
cases in our study.

v. CONCLUSIONS

To reduce the incidence of premature port removal
it is necessary to reduce the incidence of infections and
postoperative externalization. These objectives can be
achieved by using the ultrasound-guided technique for in-
ternal jugular vein cannulation, which is also employed in
our clinic. The use of this technique along with the avoid-
ance of preoperative chemotherapy and preoperative cervi-
cal-thoracic radiotherapy, shorter duration of surgery and
the first use of the port only seven days after surgery deter-
mine good results and reduce the number of intraoperative
and postoperative complications, help avoid catheter break-
age or the occurrence of pneumothorax / hemothorax, re-
duce the risk of infection and venous thrombosis, and thus
improve quality of life in cancer patients undergoing chem-
otherapy.

B. Micu et al.
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Abstract— The paper presents the assessment of the
feasibility of robot-assisted partial and total splenectomy
using the da Vinci surgical system. The authors con-
ducted a retrospective study in which we included pa-
tients who underwent robotic surgery at the Fifth Surgi-
cal Clinic of Cluj-Napoca Municipal Hospital between
2010 and 2015. During this period, 15 robetic splenec-
tomies had been performed, 8 women and 7 men, aged
9-69 years. Of these, 11 were total splenectomies and 4
partial splenectomies. There was only one case of con-
version to open surgery and three cases of postoperative
complications, two of which responded to conservative
treatment. Robot-assisted splenectomy using the da
Vinci surgical system is technically safe and feasible and
represents an alternative to laparoscopic surgery, espe-
cially useful in difficult splenectomies.

Keywords— Robot, surgery, splenectomy, complica-
tions, hereditary spherocytosis

1. INTRODUCTION

Laparoscopic splenectomy is a minimally invasive inter-
vention with a high degree of difficulty that has been used
increasingly more often since its introduction in clinical
practice in 1991, especially in hematological pathology.
Subsequent studies have shown that laparoscopic splenec-
tomy reduces morbidity, the length of hospital stay, postop-
erative pain, which in turn reduces the cost of hospital stay.
It is today’s gold standard in hematologic splenic pathology
[1], indicated in: idiopathic thrombocytopenic purpura,
hereditary spherocytosis, hemolytic anemia, autoimmune
thrombocytopenic purpura, Hodgkin’s lymphoma and non-
Hodgkin lymphoma, chronic lymphocytic leukemia, he-
mangiomas, chronic idiopathic myelofibrosis , myelodys-
plastic syndrome, but also in non-hematologic disorders:
abscesses, cysts or splenic tuberculosis, as well as in splenic
trauma.

However, laparoscopic splenectomy has certain draw-
backs, two-dimensional image and limited maneuverability
of instruments, making surgery difficult sometimes, espe-
cially in case of splenomegaly, partial splenectomy and
multiple adhesions.

© Springer International Publishing AG 2017

The recent emergence of robotic surgery led to a reas-
sessment of the indications of minimally invasive interven-
tions for abdominal surgery [2]. The DaVinci robotic surgi-
cal system (Intuitive Surgical, Inc., Mountain View, CA)
consists of: surgeon console, patient-side surgical cart with
four robotic arms, 3-D vision system, and detachable in-
struments. By moving the console controls, the surgeon
moves the instrument tips and guides the position of the
video endoscope. The main technical advantages of this
robotic surgical system are: high-quality three-dimensional
image, increased handling of robotic surgical instruments,
allows a safe and thorough dissections of vessels in the
splenic hilum with mass ligature, helps preserve splenic
tissue blood supply in partial splenectomy. The da Vinci
equipment, the most widespread surgical robot nowadays, is
in fact a computer-controlled telemanipulator, one that is
capable of transmitting the finest movements of the operator
to the surgical instruments, through remote human-
computer interaction [3].

After the introduction of robotic surgery, urological and
gynecological surgeries have gained ground and became
fully accepted, while data on robotic splenectomy is limited
and this type of procedure is performed on relatively small
groups of patients. Our aim is to present the experience in
robotic splenectomy of the Fifth Surgical Clinic in Cluj-
Napoca, emphasizing: the indications, the technique, in-
traoperative and postoperative complications, as well as
short-term results.

1. MATERIALS AND METHODS

In order to achieve the objectives, we conducted a retro-
spective study in which we included patients who under-
went surgery at the Fifth Surgical Clinic of Cluj-Napoca
Municipal Hospital, Fifth Surgery Department of "Iuliu
Hatieganu" University of Medicine and Pharmacy Cluj-
Napoca. Between February 2010 and January 2015, a total
number of 15 robot-assisted splenectomies were carried out
in our unit; 8§ women and 7 men aged between 9 and 69
years (median age 54). These interventions consisted of 11
(73.3%) total splenectomies and 4 partial splenectomies.

A database was created to include patient characteristics,
diagnosis, intraoperative details, operative time, length of
hospital stay, intraoperative and postoperative complica-
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tions and short-term evolution. The results of parametric
and nonparametric data were expressed as median values
and range. Statistical analysis was performed using Med-

Calc version 14.8.1. and the significance level was p<0.05.

The operative technique for robotic total splenectomy.
Following general anesthesia, the patient is positioned in
30-degree right lateral decubitus. Pneumoperitoneum is
induced using Veress technique, and when the proper pres-
sure is achieved, the trocars are placed: 12 mm endoscopic
trocar in the left paraombilical region; 8 mm robotic trocar
in the epigastrium, placed 8-12 cm from the endoscopic
trocar; a second 8 mm robotic trocar in the left upper quad-
rant (subcostal), 8-12 cm from the endoscopic trocar; an
additional 10 mm trocar in the left lumbar region (Figure 1).

Fig. 1 Trocars position

Next, left lateral surgical robotic cart docking occurs, in
an oblique position, at 45 degrees (Figure 2).

Fig. 2 Docking the robot

Specific tools for robotic surgery, such as Maryland dis-
sector, end-gripping forceps, monopolar hook, bipolar for-
ceps, dissecting scissors, needle holder, clip applicator,
ultrasound-Harmonic scissors, are used in combination with
instruments for laparoscopic surgery: LigaSure forceps, clip
applicator, end-gripping forceps, retractors, laparoscopic
staplers, vacuum grasper.

IFMBE Proceedings Vol. 59
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The procedure begins with the opening of the gastrocolic
ligament and the sectioning of the short gastric arteries. The
lower pole is mobilized by sectioning the splenocolic liga-
ment. Splenic artery ligation (suprapancreatic caudal side) is
performed using Prolene suture with intracorporeal knot-
tying. Next, the splenorenal ligament is sectioned, followed
by upper pole mobilization and sealing and sectioning of
splenic pedicle vessels from the upper to the lower pole
using LigaSure. After complete excision, the spleen is re-
moved and placed into an endobag through a mini-
laparotomy centered on the lateral part of the spleen or in
case of a large spleen and benign splenic pathology a mor-
cellator is used to place the spleen into the endobag. A
drainage tube is placed in the splenic lodge and externalized
through the left hypochondriac region. The surgery ends by
withdrawing (undocking) the robotic cart, trocar extraction
and suture of the mini-laparatomy and of cutaneous orifices
of the trocars.

The operative technique for robot-assisted partial sple-
nectomy. The surgical approach, that aims to preserve a
fragment of splenic parenchyma, is achievable due to the
anatomical characteristics of this organ, which is divided
into different territories with different sources of blood
supply. The terminal distribution of the splenic artery indi-
cates anastomoses between the hilar, intraparenchymal and
subcapsular arterial branches. Intraparenchymal anastomo-
ses are of little importance and allow an effective hemosta-
sis in a tissue section, even one as friable as the splenic
tissue. Partial splenectomy, which achieves splenic arterial
trunk ligation, preserves either short gastric arteries or the
anastomotic branch between the left gastroepiploic artery
and the inferior polar artery. For the best treatment it is
necessary to assess the volume of splenic tissue to be re-
moved and the tissue that needs to be preserved in order to
maintain the phagocytic function and the formation of new
tissue. We tried to preserve 15% of the spleen [4].

The objective of the surgery was to remove about 85% of
the splenic tissue, preserving the upper pole of the spleen.

Initial operative time is identical to total splenectomy.
After identifying the splenic artery, as distally as possible,
the hilum of the spleen is dissected and all splenic arterial
branches are identified for both superior and inferior poles.
The blood supply of the superior pole is preserved to the
level where the section will be performed. The branches of
the inferior pole and the remaining tissue are sectioned
using LigaSure or clips. Following ligation, the line of de-
marcation between the tissue to be preserved (vascular) and
the remainder of the spleen is now visible. The spleen is cut
using an Endo GIA roticulator™ blue cartridge stapler. Any
bleeding in the transverse section is controlled using the
electrocautery hook or LigaSure. The surgery ends when the
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excised splenic tissue is placed into the EndoBag, followed
by the placement of a drainage tube.

1. REsuLTs

The daVinci Surgical System (Surgical Intiutive, Inc.,
Mountain View, CA) was used for all the procedures per-
formed at the Fifth Surgical Clinic of Cluj-Napoca Munici-
pal Hospital. Between February 2010 and January 2015, 15
patients underwent surgery (8 women and 7 men;median
age54).The main patient characteristics are shown in Table
1.

Table 1 Patient characteristics

Gender
Men 7 (53.3%)
Women 8 (46,7%)

Age 54 (median)
Range 9-69

BMI 28 (median)
Range 21-48

Robot-assisted total splenectomy was performed in 11
patients for: idiopathic thrombocytopenic purpura (4 cases),
splenic lymphoma (3 cases), autoimmune hemolytic anemia
(2 cases), subcapsular splenic hematoma (1 case), and
chronic myelomonocytic leukemia (1 case). Robot-assisted
partial splenectomy was performed in 4 patients for heredi-
tary spherocytosis (4 cases) and splenic cyst (1 case) (Table
2).

Table 2. Indications for splenectomy

Indication for splenectomy No. of cases
Total 11
Idiopathic thrombocytopenic purpura 4
Lymphomas 3
Autoimmune hemolytic anemia 2
Subcapsular splenic hematoma 1
Chronic myelomonocytic leukemia 1
Subtotal 4
Hereditary spherocytosis 3
Splenic cysts 1

The mean operative time was 110 = 36 minutes. The dif-
ference in operative time between partial and total splenec-
tomy is not statistically significant (198 vs. 101). Operative
time also included docking time. Operative time decreased
with the completion of the learning curve, both in terms of
docking time and intraoperative time.

Conversion to open surgery was necessary in one case
due to bleeding that could not be robotically controlled. In
two cases, postoperative complications were represented by
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hematoma and seroma. One case required an additional
intervention for the drainage of hematoma in the splenic
lodge. In the other two cases, symptoms remitted under
conservative treatment.

The mean length of hospital stay was 5 days (2-7). No
death has been recorded in our patient group.

v. DiscussioN

Of the four cases of partial splenectomy, three were per-
formed for hereditary spherocytosis. Since 1993 when
Tchernia et al. [5] first explained the benefits of partial
splenectomy in hereditary spherocytosis, this technique has
been increasingly accepted by surgeons and hematologists.
The technique we practiced consisted in the preservation of
the upper pole of the spleen, other authors presenting tech-
niques for the preservation of the lower pole [6].

In what concerns the comparison between the laparo-
scopic approach and robot-assisted partial splenectomy, a
meta-analysis by Balaphas et al. [7] concludes that robotic
surgery is an attractive alternative, but further studies are
needed on larger patient groups with a long-term postopera-
tive follow-up.

Regarding the differences in intraoperative time between
the two approaches, shorter time and lower costs were re-
ported for laparoscopy [8], however, the robotic approach
offers multiple advantages through improved visualization,
more accurate control, meticulous dissection in tight spaces,
which reduces the number of intraoperative and postopera-
tive complications and the need for subsequent interven-
tions [9], and it should only be used in difficult cases to get
a good cost-benefit ratio [6].

In our study, there was one conversion to open surgery
and three postoperative complications, one with subsequent
laparoscopic intervention. In many previous studies, there
were few or no cases of conversion and subsequent inter-
vention due to rigorous selection criteria for robotic surgery
[6-9], while the first cases are not reported, regarded as
being part of the learning curve [9].

Some authors consider robotic surgery to also be useful
in special anatomical conditions: short and multiple vessels
in the splenic hilum; different anatomical positions of the
tail of the pancreas; spleen volume and consistency [9].

The robotic approach would be indicated in partial sple-
nectomy for a laborious dissection of the splenic hilum,
with a better visualization the remaining tissue.

v. CONCLUSIONS

The introduction of robotic surgery into general practice
aims to overcome the limitations of laparoscopic surgery.
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The technical advantages of robot-assisted surgery in sple-
nectomy are the more accurate dissection and hilar dissec-
tion safety, highly superior to laparoscopic surgery. We
believe that robot-assisted splenectomy using the da Vinci
Surgical System is technically feasible and safe, and may
represent an alternative to laparoscopic surgery, especially
difficult splenectomies for malignant hematopathies, sple-
nomegaly or partial splenectomy, where it can reduce opera-
tive time, blood loss, the risk of postoperative bleeding, and
may result in better outcomes for patients.
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Abstract— Two classical chemometrics methods namely
Cluster Analysis and Principal Component Analysis have been
applied to the evaluation of clinical data of several patients. A
high correlation could be observed between some clinical pa-
rameters.

Keywords— Diagnosis, chemometrics, clinical data, Cluster
Analysis, Principal Component Analysis.

1. INTRODUCTION

Spectroscopic methods are powerful instruments used for
the diagnosis of many diseases. Thus, IR, RAMAN, UV-
VIS spectroscopy are used for the diagnosis by quantitative
analyses of organic compounds from biological fluids [1-4].
There are a large number of publications regarding chemo-
metric applications in clinical analytical data analyses [5-
21]. These methods are very rapid and cheep.

The main goal of the present work was to perform a
chemometric study of clinical data from analytical results
by using Cluster Analysis and Principal Component Analy-
sis methods and spectrophotometric techniques, for
obtaining a method of disease identification, using data
obtained from blood analysis of several patients.

1. EXPERIMENTAL

A number of 6 men (M) and 30 women (F) patients were
studied. A spectrophotometric method was used, sample
type: SER. The analytical clinical data are presented in
Table 1 and Table 2. The investigated compounds in human
blood samples were organic compounds of clinical interest
(glucose, cholesterol, triglycerides, urea, creatinine;Table
1), inorganic compounds (Ca, Mg and Fe), enzymes (TGP-
Transaminase) and ESR (erythrocyte sedimentation rate).
(Table 2). The chemometric methods have been used in
order to differentiate the patients (cases) according to their
sex and age. The patients were separated more or less into
two groups according to their sex and three groups accord-
ing to their age in the score space defined by the first three
principal components.

© Springer International Publishing AG 2017

Table 1 Clinical Data studied

P Sex Age Glu Chol Trigly Urea Creat

1 F 65 86.5 268 145 0.95
2 F 68 260 119

3 M 65 915 165 136 0.95
4 F 12 83.1 42.44 0.41
5 F 14 97 145 62 25.1 0.65
6 F 81 109.6 160 116 0.83
7 M 69 985 207 73 1.07
8 M 33 95 230 101 36.84 0.81
9 F 58 310 266 225 1.22
10 F 73 131.1 221 57 0.54
11 F 71 100 194 128 38 1.08
12 F 60 107 353 219 25.93 0.84
13 F 49 88 273 134 0.58
14 F 76 885 217 86 30.39 0.95
15 F 54 92 250 117 0.78
16 F 45 85 199 132 11.23 0.91
17 F 21 74 177 36 28.18 0.82
18 M 48 94 262 191 22 1.24
19 F 65 123 256 62 22.69 0.77
20 F 54 94 201 124 39.11 0.82
21 M 56 109 165 42 26.04 0.82
22 F 72 145 179 94 0.8
23 F 25 78 41 22.65 0.88
24 F 50 83 195 48 0.87
25 F 54 101 220 227 65.64 1.32
26 F 51 86 276 191 0.92
27 F 74 84 230 57 0.71
28 F 29 72 142 49 14.85 0.82
29 F 60 89 259 116 0.97
30 F 49 95 168 125 29.67 0.84
31 F 87 101 187 1.1
32 F 53 82 293 69 0.84
33 F 27 81 175 73 18.95 0.86
34 F 76 213 70 29.42 0.99
35 F 41 78 194 45 0.67
36 M 61 84 170 92 27.87 0.93
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Normal blood values: Glucose(Glu): 60-110 mg / dL; Cho-
lesterol(Chol): <200 mg / dL; high:> 240 mg / dL; Triglyc-
erides(Trigly): Men (M): 40-160 mg / dL; Women (F): 36-
135 mg / dL; Urea: 10-50 mg / dL; Creatinine (Creat):
Men: 0.9-1.3 mg / dL; Women: 0,6-1.1 mg/dL;

Table 2 Clinical Data studied

P Sex A(;. TGO TGP ESR Ca Mg Fe
uric
1 F 549 27 19 13
2 F 30 38
3 M 634 29 24 11
4 F 28 14 5 2.25 87
5 F 25 17 927 211
6 F 6.75 23 17
7 M 32 23 236 98
8§ M 49 66 5
9 F 3.77 36 44 10
10 F 20 18
11 F 22 10 45 82 224 62
12 F 36 23 16 8.1 24
13 F 24 26 6 9.57 235 94
14 F 27 18 931 229
15 F 4.09 44 64 9 9.54
16 F 411 23 16 13 8.63 2.19 74
17 F 332 30 13 5 9.17 2.18 102
11.1

I8 M 2 53 70 5 9.49 232 123
19 F 28 22
20 F 27 10 8 2.29 79
21 M 332 37 38
22 F 4.66 25 27
23 F 352 11 19 87 211 70
24 F 296 26 12 5
25 F 7.05 27 18 138
26 F 28 22 12 825 23 87
27 F 27 16 6 8.35 231 69
28 F 16 5 8.94 225 108
29 F 495 22 19 5 8.79 2.46 123
30 F 3.06 34 56 15 893 2.27
31 F 33 7 19 893 2.29 95
32 F 24 22 18 925 233
33 F 43 46 8.73 2.06
34 F 12 33 9.45
35 F 323 15 29 5 8.86 2.56 128
36 M 592 57 61 18 68

549 27 19 13

IFMBE Proceedings Vol. 59
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Normal blood values Uric acid: Men: 3.4-7.0 mg / dL;
Women: 2.4-5.7 mg / dL; TGO: 0-35 U / L; TGP: Men: 0-
35 U/ I, Women: 0-36 U / I, ESR: 2-12 mm / h Wester-
green method, sample type: K3 EDTA whole blood; Calci-
um (Ca): 8.6-10.3 mg / dL; Magnesium (Mg): 1.6-2.5 mg /
dL; Iron (Fe): Children: 50-120 mg / dL; Women: 60-160
mg / dL Men: 80-180 mg/ dL.

11I. ResuLts AND DiscussioN

The goal of the study was to find patterns of similarity,
both between the patients and the clinical tests. Two classi-
cal chemometrics methods namely Cluster Analysis (CA)
and Principal Component Analysis (PCA) have been ap-
plied to the evaluation of clinical data. These methods have
been used in order to differentiate the patients (cases) ac-
cording to their sex and age. Principal component analysis
reduced the data set to a few representative activations, and
cluster analysis measured the average dissimilarity [10].

The cluster analysis show the degree of relatedness by
the values of ESR (VSH), Ca, Mg, uric acid, Creatinine,
TGP, TGO, uree, Fe, triglyceride and cholesterol. There are
similarity of samples from different patients. (Fig. 1). From
cluster analysis we can observe a high correlation between
magnesium and creatinine, fact observed also by others
researchers. [19] Also calcium and uric acid proved to be
high correlated. There are several studies which have found
in a considerable percentage to oxalate patients, a high con-
centration of uric acid and also a hypercalciuria.[20] Cluster
Analysis proved that ESR is correlated with Ca, uric acid,
creatinine and Mg, which make ESR a good marker for
renal diseases. This fact was also clinically proved.[21]
Highly correlated are also TGP and TGO, liver transami-
nase enzymes, which can be found in amino acid metabo-
lism and are direct correlated with urea concentration. The
program showed a good correlation between transaminase
enzymes, urea and ESR (VSH), Ca, Mg, uric acid, creati-
nine. A significant correlation was obtained between Fe and
triglycerides and cholesterol.

The explanation of the clustering found is relevant and is
based on the pattern of similarity like glucose level, enzyme
level, liver function, kidney function. This classification
help to optimize the performance of clinical data for pa-
tients and in patients diagnosis.

Fig. 2 presents the scatterplot of the clinical parameters
considered in this study.

The patients separated into two groups according to their
sex and three groups according to their age in the score
space defined by the first three principal components
showed a high correlation between some clinical parameters
(Fig. 3 and Fig. 4).
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By means of PCA, practically useful systematic
information may be extracted from large sets of data, which
is otherwise hardly interpretable in comprehensive physical
terms. Such information can be of value for general
prognosis and for making appropriate adjustments in
treatment [14]. Further development of methods such as
PCA may provide critical insights to drive advances in
clinical care [15].
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Fig. 1 Dendrogram corresponding to the clinical parameters considered in
this study

Fig. 2 presents the scatterplot of the clinical parameters
considered in this study.
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What do job adverts tell Higher Education about the ‘shape’ of Biomedical
Engineering graduates?
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Abstract— Higher Education Institutions are required, at
least in some Countries, to design their curricula taking into
account the needs of relevant industry. Use of Industrial Advi-
sory Committees is a common way of demonstrating this input.
This paper explores an additional window to industry needs
through the textual analysis of job advertisements. 36 internet
published adverts using the “Biomedical Engineering” search
phrase were downloaded and textually analysed to identify the
mentioned technical skills, generic skills and the adjectives
used to describe the required level of proficiency in them.
Results of the analysis of these adverts, using qualitative re-
search analysis software starts to reveal a relevant technical
skills hierarchy that Higher Education can use to help inform
curricular designed for this employment pathway. The analy-
sis of the generic skills reveals those rated important by em-
ployers for different levels of jobs, again of potential use to
curriculum designers. Finally the results reveal the adjectives
used to show the level of ability employers seek of their gradu-
ates. Herein lies a significant difference across the supply and
demand side of the first employment transition. The difference
can be rationally explained but does not help in closing the gap
between what Higher Education provides in terms of gradu-
ates and what Industry seeks. The paper concludes that dia-
logue between Industry and Higher Education could usefully
focus on the way skills are defined and claims of ability war-
ranted as a means of closing the “Higher Education is not gives
us what employers want” claims.

Keywords— SKills Analysis, Skills hierarchy, Biomedical
Skills, Graduate Skills, Employability.

1. INTRODUCTION

Accredited academic programmes in the UK, in the areas
of Electrical, Technology and Computer Science “... must
be informed by current industrial practice” [1].

According to the IET 2015 Skills Survey [2] “6/% of
industry find that graduates do not meet their “reasonable”
expectations”. The greatest skills gaps being in Communi-
cation skills, ability to work across interdisciplinary teams,
ability to work on own initiative, technical expertise, leader-
ship and management skills, business acumen and practical
skills.

The IET 2015 Skills Survey also found that “28% of the
employers reported that content of technical degrees does
not meet their needs with 40% believing that courses are

© Springer International Publishing AG 2017

not up to date with industry; and 57% believing that courses
do not develop practical skills.” For IET accreditation the
department must demonstrate that they seek industrial input
throughout the design, development, delivery and review of
the academic programmes. A common form of this input is
through some form of Industrial Advisory Committee.
Experience at the University of York is that it is reasonably
easy to engage with staff from large employers as they often
have University Liaison personnel or have the resources to
enable them to engage with the Department in an active
way. We have much greater difficulty in engaging with
Small to Medium Sized Enterprises. Given that there are
5,389,450 businesses in the UK at the start of 2015 [3] of
which only 6,965 had 250 or more employees, seeking the
views of large employers is arguably not fully representa-
tive of the world of work. This is clearly a very broad-
brush figure; in reality there are significant sectorial and
regional variations. No suggestion is made in this paper
that existing means of obtaining industrial input to academic
programmes are in any way flawed, rather it explores and
alternative window to employer needs — through an analysis
of job advertisements.

1. METHODOLOGY

45 job advertisements were downloaded from the Inter-
net from a single generic recruitment website
[www.jobsite.co.uk]. The search used was "biomedical
engineering" and the 45 adverts represent all those live on
the search day.

The jobsite site acts as a collator of job descriptions and
is not one that requires all job descriptions to follow a
common homogeneous format. The sample was thereby
considered essentially random in format and content.

A number of the adverts were direct duplicates indicating
more than one identical position - these identical duplicates
were removed from the sample selected for analysis. Of the
36 remaining jobs reviewed 34 were "permanent", one "full-
time" and one unspecific in this aspect.

The text of each job advert was imported as “Internals”
to NVivo, a qualitative research analysis software package.
The adverts were coded in a number of different ways, by
job titles, technical skills, generic skills and adjectives men-
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tioned in the advert text. The coding was essentially seman-
tic with as little interpretation of meaning as could be
achieved to minimize the potential for coder bias.

The approach to coding was a grounded theory approach
based on the hypothesis that there is a hierarchical structure
to skills and that there is a distinction between technical
skills and generic skills. It was further based on the hypoth-
esis that the competence level required for any particular
skill is described by an adjective of some form.

A hierarchical node structure was then developed with
the initial starting set being that used for a previous job
advertisement analysis [4]. Matrix coding enquiries were
then used to help in the analysis and understanding of the
adverts.

11. THE JOB ADVERTS

The range of jobs offered within this sample is fairly
broad, by their titles there are 21 Engineering posts, 5 with
the Manager title, 2 with the Director title, 2 Scientist roles,
4 Specialist roles, 1 Software tester and 1 Technical Author,
these were used as the job categories in the analysis pre-
sented herein.

1v. TECHNICAL SKILLS

The job descriptions were reviewed for the requirement
in technical skills using, as a starting point the skills hierar-
chy created in the analysis of job adverts from the Renewa-
ble Energies sector. There was limited overlap between the
Renewable Energies and the Biomedical Engineering sec-
tor.

During coding recognition was given where the state-
ment was a description of background experience required
that implied ability in the skill. The skills were first listed
randomly and then arranged into a draft hierarchy based on
logical top-level category groupings. A matrix-coding que-
ry was used to show the occurrences of each technical skill
by job category. In total 58 different technical skills were
identified. These skills were grouped into 10 top-level cate-
gories as show in Table 1 which shows the number of sub-
levels in the hierarchy and the total number of unique skills
placed within that top-level node and all its sub-nodes. The
table shows the breadth of skills mentioned in the adverts.

Table 1 show that Engineering roles are the most specifi-
cally defined in terms of technical skills followed by the
Scientist and Specialist roles. There was only one each of
Software Tester and Technical Author. Manager roles are
the least technically defined, perhaps because the manager
roles included in this study are mostly Business Develop-
ment Managers with one Product Manager. The Director

A.E. Ward et al.

positions are back to being more specifically technically
focused.

Table 2 shows the number of mentions of technical and
generic skills by job category along with the number of
adverts in each job category.

Table 1 Top level of the initial technical skills hierarchy

Total number

Sub levels of skills

Top level

Basic Science 0
Biomedical Skills 0
Chemistry 0
Equipment 1
Management 0
Mathematics 0
Product Development and Production 0
Process

0

0

2

N AN W

—_

Sales and Marketing
Service

Software Design, Development & Testing 10

Table 2 Number of mentions of skills by Job Category

Job Category Adverts Technical Generic
Engineer 21 54 33
Manager 5 2 5
Director 2 6 9
Scientist 37 13
Software Tester 1 12 8
Specialist 7 5
Technical Author 1 2 6

IFMBE Proceedings Vol. 59

The frequency of occurrence of technical skills provides
some information about the required content of curricula if
HE is to provide employment graduates. It is unsurprising
that for Biomedical Engineering jobs that Biomedical skills
have the highest number of mentions. It is interesting to
note that some understanding of Quality, Regulations and/or
Standards relevant to the discipline is also sought. Service
is seen in 6 adverts but this reflects the nature of these job
adverts, service skills are not normally included in degree
level programmes in the UK. This becomes a lot clearer in
Table 3, which shows the number of times qualifications are
mentioned in the job adverts by job category.

Table 3 shows that all of the service jobs require ONC or
HNC qualification, the qualifications in the UK within
which servicing equipment might be expected. The sample
size which might explain why very few academic qualifica-
tions are required in Managerial jobs and an emphasis on
higher-level qualifications for Director positions can be
seen.
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Table 3 Qualifications mentioned by Job Category

Table 4 Number of mentions of generic skills by Job Category

Job Category ONC HNC HND FCD SCD PhD Job Category Engineer Manager Director
Director 1 1 2 Ability to get things done 1
Engineer 5 5 1 5 1 Ability to work on own 2
Manager 1 Analytical skills 1
Scientist 2 Commercial Awareness/Acumen 1 1
Software Tester 1 1 Communications 4 2
Specialist 3 3 1 Customer focused or service 9
Field Service Engineer 5 4 Entrepreneurial 1
Innovative/Creative 1
Interpersonal skills 1 2
v. GENERIC SKILLS Leadership 1 1
A total of 20 different generic skills were identified Management o :
across the job adverts. Table 4 shows the mentions that Personal Orgémzanon > !
have been coded as generic skills against the Engineer,  roblemsolving !
Manager and Director job categories. Because there is a Team Working 8 !
large difference in the number of adverts in each category Work under pressure
the total number of mentions has been normalized to the Total 33 5
number of adverts, as shown in the bottom row. This result, Number of adverts in category 21 5
in conjunction with the results in Table 2 shows that when Total / Number of adverts 1.6 1 45

specifying jobs employers tend to place more of an empha-
sis on the generic skills for higher grade jobs. This has been
seen in other studies [4].

An obvious challenge in this area is what is a generic
skill and what might better described as a personal behavior
or attitude, there is no clear consistency in this area at pre-
sent. The naming of the generic skills here has been in-
formed by the Tuning Methodology [5] and the comparative
study of perceptions of students, academics and employers
in the EIE-Surveyor Project [6] but it is accepted this is not
an exact science.

The generic skills stated as being required by employers
in job adverts, as in the case of the technical skills, provides
information on what could usefully be included in academic
programmes. That said there are some significant challenges
in the area of generic skills, not least of which are the in-
consistency in definition of their meaning, lack of any ro-
bust assessment methods (except in a few exceptions), a
lack of means of stating a student’s ability in a generic skill
and the common argument of lack of time in the curricula.
One exception to the lack of robust assessment method is in
public speaking where steps are being taken on assessment
[71-[9].

There are examples of programmes where there is an
emphasis on the development of generic skills alongside the
technical content [10], pedagogies such as Problem Based
Learning, Project Based Learning and Curiosity Based
Learning are also methods of achieving this.
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Lack of clear definition of generic skills is made more
difficult by the differences in which competence in them is
specified. The following section explores this in the context
of the job adverts analysed.

VI. LEVEL OF ABILITY IN GENERIC SKILLS

In the sample of job adverts 25 unique adjectives were
identified, as shown in Table 4. These adjectives were vari-
ously used in the context of the persons: background; the
company; the job; the offered package (salary, benefits,
etc.); personal attributes and behaviours; and proficiency (as
in the level of ability with reference to a technical or generic
skill). The adjectives marked with a * are those which were
used in the context of proficiency (they may or may not
have also been used in the other contexts). The number of
times the adjective was used in the proficiency context is
shown in brackets.

To illustrate the way these adjectives are being used con-
sider the following examples, the number in brackets indi-
cates the number of instances across all job adverts:

"Adept" is found once in the job descriptions in relation
to proficiency of a skill as in "You will be adept at reading
and understanding technical diagrams".

"Basic" is used (3) to indicate the need for foundation
level understanding, as in "Basic awareness of the SDLC
(software development life-cycle)" and "Basic understand-
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ing of the role of a software tester, testing methodologies
and tools".

Table 4 Adjectives identified in the sample of job adverts

Adjective Adjective Adjective

Adept* (1) Fantastic Proficient* (2)
Basic* (2) Fluent* (3) Proven* (1)
Effectively* (3) Generous Significant
Excellent/ce* (7) Good* (8) Solid* (1)

Exciting Great* (1) Strong* (24)
Experienced High* (3) Technical ability* (1)
Exposure to Impeccable* (2) Working with* (1)
Extensive Outstanding

Familiarity with* (4) Passion

"Effectively" is used in relation to communications/skill
(1) as in "Effectively present information to a variety of
people, including senior management, groups, and/or board
of directors", personal effectiveness (1) as in "organise and
prioritise effectively" and team working (1) as in "effective-
ly managing a small team".

“Excellent or excellence” This adjective is used in three
ways, firstly, and as one might expect in how the advert
sells the role to the potential candidate (3), such as "Excel-
lent opportunity to join a market leading supplier"; secondly
in the description of what the job offers the potential appli-
cant, such as "Excellent Opportunities for Career Advance-
ment" (5) or in relation to the remuneration package (17)
such as "excellent benefits package"; it is also used as a
skills quality indicator (7), as in "Excellent communication
skills", "Excellent interpersonal skills", "Excellent
knowledge of all relevant regulations" and "Excellent labor-
atory practical skills particularly in the area of protein".

In Higher Education the student's performance transcript,
the statement of their ability in the subjects they have been
assessed, defines their overall ability and that in individual
topics. The ability of a student to do any specific subject or
assessed skill is indicated by either a mark, grade, or in
some, less helpful cases, a qualitative descriptor (Excellent,
good, etc.). The mark can be either a percentage or mark
out of another defined figure. There are many different
grading systems around the world including:

o Letter grades (usually A to F with A being top
grade), can also have + and - to show finer grada-
tions [11]

e Numerical grades, for example:

o 10 (Excellent), 9 (Very good) , ... 5 (suf-
ficient), 4 (insufficient) .. 1 (academic
dishonesty) as in Romania [12]
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o 5 (Excellent), 4 (Good) down to 1 (Very
Poor) in Russia [13]

o 10 (Excellent), 9 (Very good) ... 6 (Suffi-
cient), to 0-5.9 (Insufficient/Failed) in
Mexico [14]

GP or GPA (Grade Point Average) which can be
out of 4 (e.g. USA [15]) or 7 (e.g. Chile [16])
Worded grades, for example:

o First, upper second, lower second, etc.
(e.g. UK [17));

o Excellent (85-100%), Very good or Dis-
tinct (75-84%), etc. as in Egypt [18];

o High Distinction (85-100%), Distinction
(75-84%) down to Fail (<50%) in some
Australian Institutions[19].

In most academic cases a conversion from any statement
to an equivalent percentage is usually provided. The per-
centage being the one measure that has global meaning.

Clearly there is a very great difference in the way the
supply and demand sides of the first employment transition
specify the level of ability and in part this is justifiable.

viL. DISCUSSION

A number of questions fall out of the above discussions
that apply equally to all graduates as they do to Biomedical
Engineers, the main subject of this paper. Firstly, is it the
academic’s role, or that of any other staff member of the
HEI to offer advice and guidance on interpreting the state-
ments of need and helping the student demonstrate they
meet the essential requirements to at least get them an inter-
view? There is no doubt that calls for help are made by
students to academic supervisors, friendly academics and
career advisory staff. Given that the employment situations
of graduates in general at a short time after graduation is
one of the component measures in Higher Education league
tables, it is important that students are given good advice in
this respect. So academics, as well as the professional ca-
reers service staff in the institution need to be able to give
informed advice in all aspects of the employment process
including that of interpreting the needs of specific job ad-
verts.

Secondly, is it HEI’s responsibility to develop ability in
the generic skills in students? Many argue that it is outside
the scope of academic programmes and that there is insuffi-
cient time available to cover the technical aspects of the
programme and that including generic skills development is
a step too far. Other HEI’s have rethought their pedagogy
completely and now employ techniques that simultaneously
develop technical and generic skills [20]-[23].
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The third big question is how do we assess generic skills
and warrant student ability in them in a way that is mean-
ingful to all stakeholders (specifically HEIs and employ-
ers)? [8], [24], [25].

Finally, what is the objective of a job advert? It is to sell
the company to prospective candidates but also to state the
requirements of the job so that the company is not deluged
by inappropriate applications. Therein lies a balance, mak-
ing the advert too specific may mean there are none, or very
few individuals who fit the job and hence applications may
be low or zero, at the other end of the spectrum, an advert
that is open or vague in terms of requirements is likely to
attract too many applications. There is also a moral argu-
ment wherein if a candidate meets all the essential require-
ments should they not expect an interview? A negative
answer to this would suggest the application reviewer is
making some other judgment on the application — an area
open to discrimination claims. This then is where the use of
adjectives works for the employer — the requirement is stat-
ed, for example "Excellent communication skills", but the
level qualifier, the adjective, allows applicants to be subjec-
tively ‘ranked’ in that dimension and a line to be drawn for
the number of candidates who can reasonably be taken to
the next stage in the selection process.

In this way the adjective approach is possibly a more ef-
fective way of specifying a need.

COMPLIANCE WITH ETHICAL REQUIREMENTS

There are no ethical issues in this research. No individu-
als are directly involved so there are no data protection
issues or matters requiring informed consent.

vii. CONCLUSIONS

In this paper a relatively small sample of job adverts in
the general area of Biomedical Engineering have been tex-
tually analysed with the objective of extracting the specific
and generic skills mentioned in each advert as part of an
ongoing activity of exploring skills hierarchies. This type
of analysis is argued to be an alternative window into indus-
try needs at, in part, the student first employment transition.
It can also inform the skills required for different career
progression pathways.

In this study 45 job adverts were downloaded from a sin-
gle job advertisement website, the adverts being all of those
that were returned from a search of “Biomedical Engineer-
ing” on the search day. 36 of the adverts were used in the
analysis. The NVivo qualitative research software package
was used in the analysis and, using it, the text in the adverts
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was coded for role group, technical skills, generic skills and
the adjectives used.

The results show the technical skills required of different
types (and hierarchical levels) of jobs, which should be of
interest to curriculum designers if their objective is to align
curricula to employment areas. The analysis also shows the
generic skills valued by employers — this is a more difficult
area because skills are currently poorly defined and meas-
urement and warranting ability is challenging.

The way employers define the level of ability required in
skills is also very different to that used by academic institu-
tions. Whilst this can be rationalized it does mean the gap
between what Higher Education produces and what em-
ployers want is weakly correlatable and, given we frequent-
ly hear criticism from industry that HE is not producing the
correctly ‘shaped’ graduates for their needs, perhaps there is
a clue to the reason in this analysis.

What then can be done to close the gap? One solution
lies in the communication between employers and the edu-
cation system. A shift in discussion to the specifics of what
skills mean and how they are measured along with a move
to more common use of terminology could be beneficial,
especially in the generic skills area.

This paper reports on the early findings of an ongoing
project to explore job adverts and it is recognized tat the
power of the findings will be greater with an increased
number of adverts and adverts from multiple online sources.
The intention of the authors is to expand the dataset so that
meaningful recommendations for curricula developers can
be derived.
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Abstract— Paper presents the results of an interdisciplinary
research, conducted at the Technical University of Cluj-Napoca
upon the combined use of 0zone and intense electric fields (IEF)
in processing of gaseous and aqueous environments, used in
order to treat overinfected external wounds. The proposed med-
ical treatment in the present paper is complementary to medical
conventional treatments. The advantages of increased speed
and quality of healing, significantly reducing stress and time re-
straint - inactivation of patients and the medications used, and
finally to increase their life expectancy, strongly recommends
this treatment method. Authors experimental method presume
treatments using ozonized air and distilled water in experi-
mental cells. Based on the experience of authors were estab-
lished requirements and criteria for ozone generation and pro-
cessing of aqueous and gaseous environments in electric fields,
and also procedures for their use for medical treating condi-
tions. Preliminary studies can lead to innovative design of new
treatment equipment used for treating varicose, opened ulcera-
tions, skin burns, anaerobic infections, gangrenous, open and
over infected ulcerations, bedsores, etc. Propose method recom-
mends the use of this non-polluting and environmental friendly
method in medicine.

Keywords— ozone, electric fields, ulcerations, treating

1. INTRODUCTION

After fluorine, ozone is one of the best known oxidants,
used ordinarilyin many industrial applications and an anti-
septic and antibacterial gas too. The use of ozone is doubled
by the fact that the resulted products are less toxic and are
well suported by the living environments. Actually there are
quite few studies on the use of ozone in medicine.

Ozone therapy treats the patients with a mixture of oxygen
and ozone and is used as an auxiliary method to conventional
therapies. Physical - chemical properties of ozone are very
effective in order to reduce microbial infections in dental sur-
gery [1], prosthetic hip surgery [2], also determines anti-
apoptotic and anti-inflammatory potential at mice with acute
renal ischemia [3], involves a rapid improvement of liver fail-
ure and jaundice detoxification patients [4].

Antimicrobial effects of ozone have been identified in ne-
crotizing fascitis [5], osteonecrosis of the jaw, prostate sur-
gery [6], at opened and/or infected ulcerations refractory to
classic treatment [7]. Ozone therapy was applied in the form

© Springer International Publishing AG 2017

of extracorporal blood oxygenation too. Di Paolo N [7] had
demonstrated therapeutic properties of ozone in controlling
stress responses in different immune system dysfunctions
and in some degenerative diseases.

Also has proven effects at patients with macular infections
[8], refractory opened ulcerations [9], peritonitis [10].

Ozone treatment determines the decrease of mortality and
infectious complications [11] patients in septic shock and
sepsis.

Experimental results obtained at the Technical University
of Cluj-Napoca using the combined use of ozone and intense
electric fields in the treatment of biological environments,
leads to inhibition of harmful processes and benefit (healing,
antimicrobial and anti-inflammatory) biostimulative effects
in the treated samples [12].

Based on these effects, authors had developed
experimental equipment and methods for treatment of
external overinfected wounds and diseases caused by
chemical burns, varicose ulcers, bedsores, etc.[13].

Industrial ozone production method is known and applied,
with the emergence of Siemens ozonizers equiped with
ceramic-glass barriers determine significant increase of
ozone concentrations [14].

Developing of inovative Corone discharge, performed
directly on aqueous solutions leads to the production of
smaller ozone quantities and ozone concentrations in
comparison to Siemens ozonizers, but the effectiveness in
treating medical conditions are comparable or, often,
superior.

Also provides large amounts of free radicals, generated
both in AC and DC, at different voltage polarities [15].

1L EQUIPMENTS AND WORKING METHODS

Depending on the method of treating, the first using
aqueous solutions processed with ozone, the second by use
combined action of ozone and intense electric fields, upon the
overinfected wounds, two different ozone generation
equipments have been developed.

First of it, depicted in Figure 1, is the stand providing
complex ozonization of aqueous solutions instalation.

The working methodology on this installation consists in
connecting the stand to the single phase electric network,
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followed by introducing of the aqueous solution in the
container 9, than in the bubbling vessel 6, until to the preset
level (by actuating the valve 2.4), followed by the
introduction of oxygen into the installation (valve 2.1),
apressure regulator and flow meter 3 and 4, at the necesarily
pressure and flow.

Further starts the ozonizer 5, followed by the required
parameters adjustment; the ozone flow can be seen through
the ozone bubbler 6, respectively in the vessel for ozone
neutralisation 11, followed by evacuation of residual waste
gases (12). Valves 2.2 and 2.4 are closed and valve 2.3
opened, the pump 8 and the ozonemeter 9 are switched on;
when the concentration of ozone in the aqueous solution has
reached the predetermined value, the entire equipment is set
off from the network, all valves are closed, except valve 2.2,
which will recover and stock the aqueous ozonized solution,
which further is stored in the container 7. Further the solution
is applyed to the wounds, in accordance with the medical
methods and procedures.

Treatment of external overinfected wounds with aqueous
ozonized solutions combined with exposure in intense
electric fields (see the stand assumed according to figure 2),
presume the presence of corone discharging cells, in which
electrical discharges are produced directly on the liquid,
through a dielectric barrier and only in the presence of
oxygen.

The working methodology with the complex combined
facility processing of aqueous ozone and intense electric
fields consists in ozone neutralisation 11, followed by
evacuation of residual waste gases (12). Valves 2.2 and 2.4
are closed and valve 2.3 opened, the pump 8 and the
ozonemeter 9 are switched on; when the concentration of

Fig. 1. Complex ozonization instalation for aqueos solution; 1 — oxygen
cylinder; 2.1 + 2.4 — valves; 3 — oxygen pressure regulator; 4 - flowmeter;
5 — ozonizer; 6 — barbotage vessel; 7 — ozonized solutions colecting vessel;
8 — pump; 9 — liquid phase ozonometer; 10 — treatment ready solutions
vessel; 11 — ozone neutralizer; 12 — waste gases evacuation
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Figure 2. Complex aqueos solutions processing installation with ozone and
intense electric fields; 1 — oxygen cylinder; 2.1 + 2.4 — valves; 3 — oxygen
pressure regulator; 4 — corone discharging cell for aqueos solutions
processing; 5 — variable high voltage supply; 6 — pump; 7 — liquid phase
ozonometer; 8- treatment ready solutions vessel; 9 — ozonized solutions
colecting vessel; 10 —waste gases evacuation.

ozone in the aqueous solution has reached the predetermined
value, the entire equipment is set off from the network, all
valves are closed, except valve 2.2, which will determine the
recover and stock the aqueous ozonized solution, which
further is stored in the container 9.

The aqueous solutions processed with ozone or ozone and
the corone fields have been used to treat wounds become
infected, following the procedures set out in a large number
of clinic experiments on various kinds of diseases.

Using ozone and intense electric fields in treating external
wounds become infected was applied to varicose ulcers,
classic treatment refractory in skin burns with chemical
agents and bedsores.

Adjustable high voltage supplies are used (pos. 5) were
either dried source at main frequency of 50 Hz, output a.c.
or d.c. with different polarities, or electronic sources
providing adjustable voltage level, a.c. or d.c. output, with
reversible polarity. The high voltage rise up to 25 kV and
frequencies till 2 kHz.

A. Varicose ulcers treatment procedure

- thoroughly wash the wound with ulceration or plague
with ozonized aqueous solution, daily, once in the morning.
For the treatment of refractory ulcers, the method continues
with the introduction of the affected area of ulceration (after
cleaning with plenty of water treated) and its maintenance
for 10-15 minutes in an enclosure containing strongly
ozonized gas;

- applying sterile compresses and bandages, soaked with
the processed aqueous solution all over the ulcer during a
period of 20-30 min;
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- simultaneously, implementation of medication based on
antibiotics and steroids;

- applying a further 2 or 3 compresses soaked in sterile
aqueous solution being processed, at periods determined by
the state of eczematizate pericankerous area.

B. Method of treating skin burns

- applyance of sterile compresses and bandages, soaked
with the aqueous solutions all over the burned areas; change
compress every 2-3 hours to complete healing (4-5 days for
first degree burns and 14-15 days for second degree burns);

- applyance of medication based on antibiotics and
steroids.

The wounds become infected, reluctant to medicines, can
be treated with aqueous solutions processed with ozone or
ozone and electric fields, but sometimes also with ozonized
air.

1. RESuLTs AND COMMENTS

Aqueous solution were used single or multiple distilled
water experimental results are presented in Table 1 and Table
2 for ozonation and treating in corone electric fields with
abundant ozone generation.

In all tested applications were obtained good results, but

dependent on the particularities, the type, shape, size and
stage of the ulcer, the residual ozone concentration in the
processed solutions, presence of free radicals, frequencies
and durations of treatment on the patient.

The most effective treatment is obtained by applying the
ozonized aqueous solutions or the ozone combined intense
electric fields immediately after processing. Good results are
obtained after about 2 hours of processing aqueous solutions,
and after about 8-10 hours, their efficacy drops sharply, even
if kept sealed.

Storage temperature is a key factor of "preservation"
properties acquired; at temperatures of about 4° C the
characteristics after about 8 hours of storage are preserved.

The treatment methods indicates drastically shortens of
the healing period; shortening is greater with use of air,
oxygen or both, on processed aqueous solutions using
proposed treatment devices.

With the shortened periods of healing, are removed the
danger of microbial and fungal superinfection, without the
patient requiring a preventive antibiotic treatment in general
way.

Here is the record, particulary, varicose ulcers and
pressure sores resulting from prolonged immobilization
patient in bed when the peripheral circulation is poor.

Skin healing obtained for new treatments proposed are
more aesthetic in comparison with classical treatments.

Table 1. Criteria and levels of ozonization of aqueous solutions

The adjustment parameters of ozonizer
No Oxygen Ozone Exposure Residual Os conc. of
U Solution type Pressure Flow Concentration Amount time aqueous solution
[bar] [vh] [£0/m’] (/] [ [me/t
1. Simple distilled water 0,1 10+50 120,7+41,8 1,21+2,09 60 =300 5
2. Double distilled water 0,1 1050 120,7+41,8 1,21+2,09 60 =300 3

Legend *- a— filiform electrodes with multiple corone discharge; - b — electrodes with multiple needle type corone discharge; - ¢ — strainer
corone discharge electrode ; - s — discharging gap; - p — distance between discharging elements of the electrodes

Table 2. Criteria and levels of ozonization and treatment procedure using aqueous solutions exposed to intense corone electric fields

Electrical and constructive parameters of the treatment cells
Voltage levels, [kV] Type of treatment cells * Exposure Residual O;
Nr Solution type ca. ca oo, ce - | wih No s P time conc. of
ert S0Hz | 2kHz + barri barrier | [mm] [mm] a|b|c [s] aqueous
er solution
[mg/1]
1. Simple 5+25 525 | 5+20 | 5%25 X X 1030 | 2,510 | x | x| x | 60+300 7
distilled water
2. Double 5+25 5+25 | 5+20 | 5+25 X X 10+30 | 2,5+10 | x| x| x | 60+300 4,5
distilled water
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v. CONCLUSIONS

The ozone alone, or in combination with the free radicals
generated by corona discharge performed on the aqueous
solutions may have highly beneficial effects on patients who
have external wounds superinfected and relates to:

-Drastic shortening healing time and reducing stress state
of inactivation of the patient as a result of these long and
difficult to cure diseases;

Elimination of the danger of microbial and fungal
overinfection, generally without requiring a preventive
antibiotic treatment;

Obtaining more aesthetic skin healing in comparison to
conventional treatments;

Simplicity of the methods because do not interfere with
anything to the patient, acting through oxidation in tissue,
stimulating local, leukocytosis;

Achieving time, pain, costs savings by simplicityof the
method, significant diminished duration of treatment and
reducing the time medication of the patient.

The results obtained with complex ozonisation equipment
can be matched, or even exceeded, using the processing
equipment directly into intense electric fields, which is
extremely simple and cheap.

Experiments can be conducted by ozone and type free
radicals, eradicating microbial overinfected wound at first,
followed by an apropriate amount of ozone and free radicals,
or aerosols, generating sharp and fast recovery of damaged
tissue ulceration.

Further research deserves to be channeled in this direction
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Abstract — The aim of this study was to compare the car-
diovascular ultrasound and risk factor profile in patients with
peripheral arterial ischemia (PAD) and patients with stable
angina pectoris (SA). We studied 55 patients with PAD and 22
patients with SA which were evaluated with cardiac and vascu-
lar ultrasound.We found the profile of cardiovascular risk
factors, echocardiography and cervical artery ultrasound
findings in patients with PAD and SA is relatively similar and
the cardiovascular risk is relatively high for both types of
patients. There are some specific therapeutic changes arising
from the particular arterial territory involved.

Keywords — peripheral artery disease, chronic stable angi-
na, cardiovascular risk profile, echocardiography, cervical
arterial ultrasound.

1. INTRODUCTION

Atherosclerosis (ATS) is an extensive and progressive ar-
terial multisite disease that affects coronary, carotid and
peripheral arteries. The impairment of a particular arterial
sector varies and depends, in part, on the individual charac-
teristics and the presence of cardiovascular (CV) risk (CVR)
factors (CVRF) [1-3]. The patients with ischemic heart
disease (or coronary artery disease — CAD) are considered
to have a higher CVR than patients with peripheral artery
disease (PAD). Also the patients with CAD benefit more
often from the CV evaluation compared to patients with
PAD. In terms of ultrasound assessment, the echocardiog-
raphy is more used than arterial cervical echography. De-
spite the fact that are some registries [1-3] including pa-
tients with various ATS lesions (coronary, carotid,
peripheral artery), there are no systematic studies comparing
patients with chronic arterial ischemia and patients with
stable coronary artery disease, regarding the cardiovascular
ultrasound and risk factors profiles. A legitimate question
then arises: what are the differences and the similarities
between these two groups of patients, who had in common
the same phenomenon (arterial ischemia), but located in
different territories?

© Springer International Publishing AG 2017

1. MATERIAL AND METHODS

The aim of this study was to compare the cardiovascular
ultrasound and risk factor profile in patients with peripheral
arterial ischemia (PAD) and patients with stable angina
pectoris (SA). We tried to find what are the differences and
the similarities between these two groups of patients regard-
ing the cardiovascular risk factor, echocardiography aspects
and arterial cervical ultrasound elements, in order to see if
the CV clinic and imagistic profile of PAD patients is less
or equal in term of significance with the CV clinic and im-
agistic profile of SA patients.

The study included 77 patients with chronic arterial is-
chemia: 55 patients with PAD without critical leg ischemia
(CLI) and 22 patients with CAD and SA, hospitalized in
Cardiology Department for complete cardiovascular evalua-
tion, laboratory and ultrasound imaging assessment. All
patients signed informed consent at enrollment. The study
methodology was approved by the Ethical Committee and
was in accordance with European ethical standards.

Review methodology included: clinical examination,
ECG, echocardiogram and carotid-vertebral ultrasound.
During echocardiography we measured standard sizes (Ao-
aorta, LA-left atrium, LV-left ventricle, IVS interventricular
septum, LVPW- LV posterior wall, EDDLV-end-diastolic
diameter of LV, ESDLV- end-systolic diameter of LV), we
evaluated the global and segmental LV parietal kinetics
(highlighting segments with hypokinesia, akinesia and dys-
kinesia) and we quantified LV systolic function, based on
ejection fraction (EF): LVEF = (EDVLV - ESVLV) /
EDVLVx100, EDVLV - end-diastolic volume of LV,
ESVLV - end-systolic volume of LV, calculated by the two-
dimensional method. Normal values: Ao < 40 mm, IVS <
11 mm, LVPW < 11 mm, EDDLV = 35-57 mm, ESDLV =
25-45 mm, LVEF > 50%). We also assessed the LV diastol-
ic performance (E and A waves amplitude, E/A ratio esti-
mated by pulsed Doppler transmitral flow curve) [4-9].

We performed carotid and vertebral ultrasound and
measured the thickness of the intima-media (IMT) in the
common carotid artery, bilaterally (standard in the posteri-
or-medial wall, 2 cm before the carotid bifurcation) (normal
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values <0.75 mm). We estimated the hemodynamic signifi-
cance of carotid and vertebral stenoses by using the follow-
ing criteria: morphological (cross-section Doppler color
calculating the area of stenosis (%) by the formula: (Total
vascular area - Permeable Doppler color area) / Total vascu-
lar area) and hemodynamic (intrastenotic Vmax- maximal
systolic velocity, Ved-end-diastolic velocity and Vmax intra
/ prestenotic ratio). 50-70% stenoses are defined by Vmax =
1.2-2 m/s, Ved < 0.4 m/s, Vmax intra / prestenotic = 2-3 and
the corresponding percent reduction in Doppler color func-
tional area. Stenoses > 70% were defined by Vmax > 2 m/s,
Ved > 0.4 m/s, Vmax intra/prestenotic > 3 and the corre-
sponding percentage reduction in functional Doppler color
area. [10-12].

Group comparison was done using Student test for con-
tinuous variables with normal distribution and Mann-
Whitney U test for continuous variables with abnormal
distribution and ordinal variables, while the chi-square test
was used for categorial variables. SPSS 16 was used for
statistical analysis, with a p value < 0.05 considered statisti-
cally significant.

1. REsuLTS

The prevalence of males and smokers was higher in PAD
patients without CLI compared to CAD patients with SA.
Among other CVRF, prevalence of hypertension (HT) was
significantly higher in CAD patients with SA than in PAD
patients without CLI. The prevalence of diabetes (DM) and
dyslipidemia was relatively equal in the two groups. The
most prevalent CVRF in patients with PAD without CLI,
respectively in CAD patients with SA was hypercholester-
olemia (HCst), followed by hypertriglyceridemia (HTgl)
and DM. HTgl prevalence was highest in PAD patients
without CLI, while DM prevalence was highest in CAD
patients with SA.

We found a significantly higher prevalence of LV hyper-
trophy (LVH) and LV dilatation (LVD) in patients with SA
than in PAD patients without CLI. The prevalence of septal
hypertrophy (IVWH) was relatively similar in PAD patients
without CLI and in CAD patients with SA, while the LVPW
hypertrophy (LVPWH) was higher in CAD patients with
SA compared with PAD patients without CLI. We found a
statistically significant higher prevalence of diastolic dys-
function (DD) in CAD patients with SA compared to PAD
patients without CLI (Table 1). Prevalence of segmental
parietal kinetic disorders (SPKD) was moderately higher in
CAD patients with SA (78%) than in PAD patients without
CLI. The highest prevalence of SPKD in PAD patients
without CLI was observed in the septum, followed (in de-
scending order) by inferior-posterior, lateral and anterior
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walls. Septum wall SPKD prevalence was higher in CAD
patients with SA compared with PAD patients without CLI.
There was a moderately higher prevalence of the anterior
and lateral walls SPKD in CAD patients with SA than in
PAD patients without CLI. and a slightly higher prevalence
of inferior-posterior wall SPKD in PAD patients without
CLI than in CAD patients with SA (Table 1).

Table 1. Echocardiographic profile in PAD patients without CLI com-
pared to CAD patients with SA (ns — not significant, s — significant

Parameter PAD CAD Statistical
prevalence (values) without CLI ~ with SA significance
Concentric LVH 47% 72% p <0.001
IVSH 52% 64% p<0.1
(mm) 10.5+2.4 11.2+1.7  ns
LVPWH 51% 78% p<0.01
(mm) 10.2+2.2 112427  ns

LVD 11% 22% p<0.01
EDDLYV dilatation 20% 21% ns

(mm) 48.48+8 50+9.9 ns
ESDLYV dilatation 3% 21% p <0.001
(mm) 37£7.9 35.9+10.1 ns
Diastolic dysfunction 35% 90% p <0.001
Impaired systolic function 41% 43% ns

LVEF 48.6+7.8% 47.8+7.8% ns

LV SPKD 56% 78% p <0.01
SPKD septum 35% 64% p <0.001
SPKD inferior/posterior 29% 23% p <0.1
SPKD lateral 19% 23% ns

SPKD anterior 11% 28% p <0.01

No statistically significant differences were found regard-
ing carotid IMT in PAD patients without CLI compared
with CAD patients with SA.

Table 2. Carotid and vertebral ultrasound profile in PAD patients with-
out CLI compared with CAD patients with SA.

Parameter PAD CAD Statistical
prevalence (values) without CLI with SA significance
Carotid IMT (mm) 0.78+0.2 0.7+0,2 ns

>50% carotid and vertebral 29% 64% p<0.001
stenoses

>50% carotid stenoses 25% 50% p<0.001
>50% vertebral stenoses 4% 14% p<0.001
50-70% carotid and vertebral 15% 41% p<0.001
stenoses

>70% carotid and vertebral 14% 24% p<0.01

stenoses and thromboses

IFMBE Proceedings Vol. 59

We found a higher statistically significant prevalence of
cervical arterial, both carotid and vertebral stenoses >50%
in CAD patients with SA than in PAD patients without CLI.
The prevalence of 50-70% or >70% hemodynamic signifi-
cance cervical arterial stenosis and thrombosis was equal in
PAD patients without CLI, while in CAD patients with SA
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we found a significant higher prevalence of 50-70% cervical
arterial stenoses than carotid and vertebral >70% stenoses
and thromboses. The prevalence of 50-70% cervical arterial
stenoses was significantly higher in CAD patients with SA
than in PAD patients without CLI. Hemodynamically sig-
nificant arterial cervical stenoses (>70%) and carotid-
vertebral thromboses were found in a moderately greater
proportion in CAD patients with SA compared with PAD
patients without CLI (Table 2).

v. Disscusion

In our study, HT as a CVRF was frequently found in
both patient groups, mainly in CAD patients with SA,
which indicates its involvement in the pathophysiology and
progression of peripheral and coronary lesions, as shown in
other studies [1-3]. Other CVRF such as male gender and
smoking were found more frequently in PAD patients with-
out CLI, whereas DM and dyslipidemia prevalence were
similar between the two groups [1-3].

As expected, the high prevalence of HT in CAD patients
with SA led to a significantly higher prevalence of LVH in
these patients, both as septal and PW hypertrophy. These
patients also had more frequent LVD. In PAD patients
without CLI the prevalence of LVH was closer to the lowest
intervals found in other studies [13-15]. The most likely
cause for this finding was the evaluation methodology in
our study, which included all criteria for hypertensive heart
disease. While LVD in CAD patients with SA was caused
both by EDDLV and ESDLV, in PAD without CLI patients
it was caused mostly by EDDLV. However, the prevalence
of dilated cardiomyopathy was low in PAD patients without
CLI. The reasons for this particular echocardiographic pat-
tern, specific to CAD patients with SA, are the long evolu-
tion of HT and frequent multi vessel coronary lesions on
coronarography found in clinical and coronarography stud-
ies [16, 17]. It is possible for PAD patients without CLI to
have multi truncal coronary vessels lesions as well [18].
Altered systolic performance was found with similar preva-
lence in the two patient groups, while diastolic dysfunction
was present in most of CAD patients with SA. Published
data show diastolic dysfunction in PAD patients has a prev-
alence of up to 62% [13, 19].Although SPKD was found in
both patient groups, only the inferior-posterior SPKD was
found with similar prevalence, (raising the possibility of a
similar involvement of the right coronary artery) in both
patient groups, while septal, anterior and lateral wall in-
volvement was more frequent in CAD patients with SA.

Carotid IMT was marginally higher than normal in both
patient groups but with no significant differences. We found
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similar values with published data for PAD without CLI
(0.85 mm) [20, 21].

We found a significantly higher prevalence of cervical
artery stenoses in CAD patients with SA compared to PAD
without CLI, irrespective of the degree of stenosis and their
location (carotid or vertebral). It is possible that long-term
evolution of systemic ATS can lead to multiple lesions in
the carotid and vertebral territories. Published data show the
prevalence of carotid stenoses is lower than 60%, most of
them being 50-70% and found in PAD patients without CLI
[22, 23]. The higher prevalence of cervical artery stenoses
found in our study can be explained by the inclusion of
vertebral lesions (and not only carotid) as well. We found a
significantly higher prevalence of >50% cervical stenoses
(both carotid and vertebral) in CAD patients with SA com-
pared to PAD patients without CLI. In PAD patients with-
out CLI we found similar prevalence for 50-70% stenoses,
>70% stenoses and thromboses, while in CAD patients with
SA, we found a higher prevalence of 50-70% stenoses com-
pared to >70% stenoses and thromboses. 50-70% stenoses
were significantly more frequent in CAD patients with SA
compared to PAD patients without CLI, whereas >70%
stenoses and thromboses were more frequent in SA patients
compared to PAD patients without CLI.

There is probably a relationship between a longer evolu-
tion of arterial ischemia both in the peripheral vascular and
in the cervical territories and the prevalence of severe steno-
ses and thromboses in the carotid and vertebral arteries. On
the contrary, patients with chronic ischemia in the coronary
territory can have coronary thrombotic events that acceler-
ate the clinical manifestations of the ATS process, thus
making cervical stenoses being earlier diagnosed in a less
severe stage of their evolution.

In our study we found that PAD patients had significant
prevalence of CV (heart and arterial cervical) ATS lesions
and their CV ultrasound and risk factors profile is compara-
ble with the CV profile of CAD patients with SA. These CV
pathological aspects are important for PAD patients in the
perspective of a vascular interventional or surgical ap-
proaches, known that in the perioperative context there is a
higher incidence of CV major events (myocardial infarction,
stroke). Despite the fact that PAD patients are considered to
have a lower CVR regarding CV major events, based on our
results, we might suppose that CVR of PAD patients is
relatively high, almost similar to the CVR of CAD patients
with SA. Therefore, we consider that is important to make a
thorough CV assessment of PAD patients, as complete as
the CAD patient evaluation.
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v. CONCLUSION

Patients with arterial or coronary chronic ischemia have a
high incidence of major CVRF. HCst prevalence was higher
in PAD patients without CLI and HT was more prevalent in
patients with SA. PAD patients without CLI present signifi-
cant cardiac and cervical arterial ultrasound spectrum
changes, which are similar to patients with documented
CAD and SA. The most significant echocardiographic as-
pects in PAD patients without CLI are the presence of LVH,
the LVD mainly due to the increase EDDLV, the presence
of DD, impaired systolic function by decreasing LVEF and
the presence of SPKD, especially on the anterior and inferi-
or-posterior walls. Both PAD patients without CLI and
CAD patients with SA had similar carotid IMT, marker of
endothelial dysfunction in both groups of patients. The
prevalence of cervical arterial stenoses was greater in CAD
patients with SA, both in carotid and vertebral arteries. In
PAD patients without CLI we found moderate stenoses,
severe cervical arterial stenoses and carotid and vertebral
thromboses in equal proportion. In CAD patients with SA,
we found moderate (50-70%) arterial cervical stenoses more
frequently than severe (>70%) carotid and vertebral steno-
ses and arterial cervical thromboses. The PAD patients had
a relatively high CVR, similar to CAD patients with SA.
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Abstract — Patients with peripheral arterial present differ-
ent hemodynamic significance of atherosclerotic lesions in the
coronary and cervical arterial territories also, which are re-
sponsible for increased vital cardiovascular risk. The aim of
this study was to assess the role of clinic and imagistic cardiac
and carotid evaluation of PAD patients to estimate the cardio-
vascular risk in the perspective of perioperative therapeutic
strategy revascularization. After clinical and imagistic evalua-
tion we found that proving the polyarterial profile changes the
medical and interventional therapy, prioritizing coronary and
carotid arterial revascularization.

Keywords—peripheral arterial disease, polyarterial patient,
arterial stenosis, heart disease, cardiovascular risk.

1. INTRODUCTION

Atherosclerosis (ATS) is a pathological process of sys-
temic, extensive and progressive nature affecting the circu-
lation of coronary, cerebrovascular and peripheral arteries
(PAD). PAD presence is an important predictive indicator
of coronary and / or concomitant carotid disease existence,
which increases the risk of mortality [1-3]. The presence of
ATS lesions across multiple arterial territories deems the
patient “polyarterial”, even if one single arterial territory is
symptomatic (e.g. peripheral arteries in case of PAD). Other
coronary and / or carotid ATS lesions may be masked by
the symptoms of PAD. A large proportion of patients are
not diagnosed with PAD before presenting a major cardio-
vascular (CV) event, which limits the access towards using
the evidence-based pharmacologic therapy recognized for
CV risk (CVR) reduction [1-3].

1. MATERIAL AND METHOD

The aim of this study was to assess the role of clinic and
imagistic cardiac and carotid evaluation of PAD patients to
estimate the cardiovascular risk in the perspective of peri-
operative therapeutic strategy revascularization. Beside the
CVR factors profile, we tried to estimate how important and

© Springer International Publishing AG 2017

significant are the heart and arterial cervical lesions in PAD
patients scheduled for vascular intervention

The study included 197 patients with PAD, hospitalized
in the Cardiology Department for complete cardiovascular
evaluation, laboratory and ultrasound imaging assessment.
All patients signed informed consent at enrollment.

The study methodology was approved by the Ethical
Committee and was in accordance with European ethical
standards.

The evaluation methodology included: clinical examina-
tion, ECG, echocardiogram and carotid-vertebral ultrasound.
Echocardiography measured standard parameters (Ao-aorta,
LA-left atrium, LV-left ventricle, IVS interventricular sep-
tum, LVPW LV posterior wall, EDDLV-end-diastolic di-
ameter of LV ESDLV-end-systolic diameter of LV), evalu-
ated the global and segmental LV parietal kinetics
(highlighting segments with hypokinesia, akinesia and dys-
kinesia) and quantified LV systolic function, based on ejec-
tion fraction (EF): LVEF = (EDVLV-ESVLV) / EDVLV x
100, EDVLV-end-diastolic volume of LV, ESVLV-end-
systolic volume of LV, calculated by the two-dimensional
method. Normal values: Ao < 40 mm, LVIV < 11 mm,
LVPW < 11 mm, EDDLV = 35-57 mm, ESDLV = 25-45
mm, EDVLV = 90-120 ml, ESVLV = 30-50 ml, LVEF >
50%) and assessed the LV diastolic function (E and A
waves amplitude, E/A ratio estimated by pulsed Doppler
transmitral flow curve) [4-9].

We performed carotid and vertebral ultrasound and
measured the intima-media thickness (IMT) in the common
carotid artery (CCA) bilaterally (standard in the posterior-
medial wall, at 2 cm before the carotid bifurcation) (normal
values < 0,75 mm). We estimated the hemodynamic signifi-
cance of carotid and vertebral stenoses by using morpholog-
ic criteria: cross-section color Doppler exam calculating the
percent of stenoses (%) as (Total vascular area - Permeable
color Doppler area) / Total vascular area - and hemodynam-
ic criteria: intrastenotic Vmax (maximal systolic velocity),
Ved (end-diastolic velocity) and Vmax intra/prestenotic
ratio). 50-70% stenoses were defined by Vmax = 1,2-2 m/s,
Ved< 0.4 m/s, Vmax intra/prestenotic = 2-3 and the corre-
sponding percent reduction in Doppler color functional area.
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Stenoses >70% were defined by Vmax> 2 m/s, Ved> 0.4
m/s, Vmax intra/prestenotic> 3 and the corresponding per-
centage reduction in functional area [10-12].

Group comparison was done using the chi-square test for
categorial variables, Student test for continuous variables
with normal distribution and Mann-Whitney U test for con-
tinuous variables with abnormal distribution and ordinal
variables. Statistical analysis was performed with SPSS 16.
The p value <0.05 was considered statistically significant.

1. RESULTS

Most patients with PAD were male (87%) and elderly
(60% were over 60 years, one of fourth of these patients
were over 70 years). More than half of patients with PAD
had almost all major CV risk factors. Of these, smoking had
the highest prevalence (68%), followed by hypertension
(HT) (66%), hypercholesterolemia (HCst) (52%), diabetes
(DZ) (50%) and hypertriglyceridemia (Htgl) (47%). Re-
garding the associated CV diseases (CVD), 3% of patients
with PAD had a previous diagnosis of hypertensive heart
disease (HTD), 29% of ischemic heart disease (or coronary
artery disease - CAD) and 2% of dilated cardiomyopathy
(DCM) (of ischemic, hypertensive or ethanolic etiology).
Dilated ascending aorta was found in 7% of patients with
PAD. 51% of PAD patients presented symmetric or asym-
metric concentric LV hypertrophy (LVH). 53% of patients
had LVIVS hypertrophy and 41% of patients had LVPW
hypertrophy. 12% of patients with PAD had LV cavity
enlargement in both diameters (EDDLV and ESDLV), 14%
of PAD patients had increased EDDLV and 7% of PAD
patients had increased ESDLV. Diastolic dysfunction (DD)
was found in 36% of PAD patients. The majority (75%) of
PAD patients had stage I of DD (impaired relaxation pat-
tern), while 25% of PAD patients had advanced DD (stage
IT with altered relaxation-compliance pattern and stage III
restrictive pattern). Over 50% of PAD patients had segmen-
tal parietal kinetic disorders (SPKD), located in one or more
LV walls. Most SPKD in patients with PAD were found in
the inferior/posterior LV wall (34 %) and in the septum
(33%), followed by SPKD in the lateral wall (26%) and in
the anterior wall (17%); 2% of patients had post-infarction
LV aneurysms. Impaired systolic function (LVEF <50%)
was found in 51% of PAD patients (35% had FE between
40-50%, 12% between 30-40% and 4% between 20-30%).

At baseline, 34% of PAD patients had a known heart
condition- 27% had CAD (silent myocardial ischemia on
ECG, ST segment and/or T wave changes, previous infarc-
tion, known angina, atrial fibrillation or left bundle branch
block), 3% had HTD and 2% had DCM. Following the
complete CV evaluation during hospitalization, we found
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the prevalence of these comorbidities increased — with 29%
for HTD (from 3% to 32%), with 22% for CAD (from 27%
to 49%) and 17% for DCM (from 2% to 19%). We found
that 17% of patients had both HTD and CAD.

After a complete CV evaluation (including clinical exam,
ECG, echocardiography and coronary angiography) 68% of
PAD patients were diagnosed with the following heart dis-
eases: HTD in 29% of patients, CAD in 49% of patients and
DCM in 19% of patients. Among patients with PAD and
heart disease, the most prevalent was the HTD (43%), fol-
lowed by CAD (32%) and DCM (25%). (Table 1).

Carotid and vertebral Doppler ultrasound evaluation
found a significant increase in the IMT of the CCA in PAD
patients (0,93 + 0,25 mm). Over a third (34%) of PAD pa-
tients had >50% stenosis (28% carotid and 6% vertebral),
21% had 50-70% stenoses, while 13% had severe (>70%)
stenoses and cervical artery thrombosis. (Table 2).

Table 1. Echocardiographic profile in PAD patients.

Parameter Known Newly diagnosed
heart disease heart disease

Concentric LVH 51%

LVIVS hypertrophy 53%

LVPW hypertrophy 41%

LV dilatation 12

EDLVD dilatation 14%

ESLVD dilatation 6%

Diastolic dysfunction (DD) 36%

Decreased LVEF (<50%) 51%

SPKD LV 55%

SPKD inf/post 34%

SPKD sept 33%

SPKD lateral 26%

SPKD anterior 17%

Heart disease (total) 34% 68%

CAD 29% 49%

HTD 3% 32%

DCM 2% 19%
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Table 2. Cervical arterial ultrasound profile in PAD patients with PAD

[Parameter Prevalence/value
Carotid IMT 0,93+£0,25 mm
(Carotid and vertebral stenosis>50% 34%

(Carotid stenosis >50% 28%

[Vertebral stenosis >50% 6%

Carotid and vertebral stenosis 50-70% 21%

(Carotid and vertebral stenosis>70% and thrombosis 13%

v. DIscussioN

Polyarterial (i.e. multisite arterial ATS lesions) patients
with clinical signs of peripheral arterial ischemia (intermit-
tent claudication, rest pain, trophic disorders) are patients
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with multiple major CV risk factors. HT, DZ and
dyslipidemia are found in more than 50% of these patients.
Similarly to other studies, PAD patients in our study were
mostly older males and smokers [1]. However, unlike data
from the REACH registry, we found a higher prevalence of
HT, DZ and HCst [1-3].

Cardiac and vascular ultrasound evaluation has found not
only significant peripheral arterial lesions (responsible for
the clinical symptoms) but also significant cardiac changes
and carotid lesions, although the patients were asymptomat-
ic at admission and without known diseases in these territo-
ries [13-16]. A careful and complete clinical and echocardi-
ographic evaluation has increased the diagnostic accuracy
for the presence and type of cardiomyopathy, proven by the
doubling in its prevalence at discharge. For example, CAD
prevalence has doubled after non-invasive and invasive
evaluation, in agreement with published data (30-60%,
depending on the hemodynamic impact of coronary angi-
ography lesions [1-3, 18, 19]. It is also possible that some
previously diagnosed CAD patients had a dilated myopa-
thic-type evolution before we evaluated them [4-8, 16, 17].
Besides, the leading cause of death in patients with periph-
eral artery ischemia is major coronary events [1-3, 18, 19].
HTD prevalence was also high, explained by a high preva-
lence of hypertension, in agreement with published data.
We found both concentric and eccentric myocardial hyper-
trophy, mainly involving the septum [4-6, 18, 20]. Patients
with PAD had significant prevalence of LVH (1/2 of pa-
tients) most likely related to pathophysiological direct pres-
ence in the high proportion of hypertension, as major CV
risk factor [17, 18]. The diagnostic criteria of HTD (concen-
tric LVH including LVIVS and LVPW hypertrophy) were
present in 29% of patients with PAD. If is evolving an
asymmetric hypertrophy, the LVIVS hypertrophy is preva-
lent, more commonly [4-6, 18, 21].

Diastolic function was altered with variable severity in
approximately 1/3 of BAP patients in our study, both with
HTD and CAD. In some cases, although LV diameters were
normal we found noticeable parietal kinetic disorder that
caused systolic dysfunction, by alteration of global systolic
motion. We might have found some cases of dilated myopa-
thic-type evolution of CAD [4, 5, 8, 9]. The high prevalence
and multisegmentary distribution of SPKD found in our
study group might be explained by and related to multi
truncal vascular lesions identified at coronarography. The
presence of multiple SPKD is correlated to decreased global
parietal kinetic function and LV systolic dysfunction (EF
<50%) [8, 9, 13].

The significant increase in carotid IMT (cIMT) is a
strong and independent predictor for the presence of coro-
nary lesions [21-25]. As a marker for extensive ATS, in-
creased cIMT is logical in PAD patients [21-25]. The pres-
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ence of cervical arterial lesions may be related to cerebro-
vascular events, which account for 10-15% of deaths in
PAD patients [19, 20]. These patients have widespread ATS
lesions, but only some of them have a hemodynamic impact
(>50% stenoses) and some of them are symptomatic. Pub-
lished data show a 20-40% prevalence of carotid lesions in
polyarterial patients; similarly to the associated coronary
lesions, this prevalence varies with the hemodynamic im-
pact of carotid lesions [1-2, 19, 20]. More than one third of
PAD patients had cervical artery stenoses, mostly carotid.
The prevalence of 50-70% stenoses was a little higher than
of severe (greater than 70%) stenoses and carotid-vertebral
thromboses. The importance of cervical ATS lesion evalua-
tion is related to the risk of stroke.

The CVR evaluation in patients with PAD is important in
the context of interventional approaches and / or peripheral
arterial surgery. Diagnosing a heart disease and / or signifi-
cant cervical arterial lesions changes medical and interven-
tional treatment strategy. Patients with PAD should receive
drug therapy for plaque stabilization (statins, antiplatelet
agents etc.), both before and after interventional and / or
surgical treatment. In order to minimize the vital CV risk of
patients with PAD, coronary and carotid intervention must
precede peripheral arterial revascularization.

Our study demonstrates that in patients with PAD, the
current CV evaluation - accessible in most of our county
hospitals, but not routinely used - plays a major role in as-
sessing the risk for coronary and cerebrovascular events,
especially in the vascular perioperative context.

v. CONCLUSIONS

The polyarterial patient with PAD symptoms has a few
features. CV risk factors present in more than half of PAD
patients are: male gender, older age, smoking, dyslipidemic,
hypertensive and diabetic.

The typical echocardiographic profile of more than half
of PAD patients include: LV hypertrophy, decreased global
parietal contractile function, segmental parietal kinetic dis-
order (especially in the interventricular septum — about 1/3
of patients, posterior and inferior wall — about 1/3 of pa-
tients) and decreased systolic performance — 1/2 of patients
and diastolic function — more than 1/3 of patients.

Following a complete CV evaluation, PAD patients were
diagnosed (with decreasing prevalence) with hypertensive,
ischemic and dilative cardiomyopathy.

Cervical arterial ultrasound reveals that PAD patients
have diffuse atherosclerosis (increased cIMT), mostly carot-
id stenoses — 1/3 of patients and more >50% stenoses than
severe (>70%) stenoses and arterial thromboses.
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Demonstrating the polyarterial profile (with significant
ATS lesions in multiple artery territories - coronary and/or
carotid) in a patient with PAD changes the orientation of the
patient's therapy. In these cases, coronary and carotid arteri-
al revascularization procedures must precede peripheral
arterial revascularization intervention.
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Abstract— Visual impairment, in terms of sight loss and
blindness, affects 285 million people worldwide. While 80% of
the cases are either treatable or preventable, the remainder
require alternative means to compensate limitations in mobili-
ty, reading, communication, access technology, etc. For this
purpose, braille is an alphabet used by the visually impaired
for tactile reading. Refreshable braille displays are electrome-
chanical devices used for the electronic display of braille char-
acters. This paper presents a one-character refreshable braille
display, implemented with electromagnetic relays and control
logic implemented on a field programmable gate array
(FPGA). The advantage of one-character braille display is that
it enables static reading, which contributes to user comfort.
From a technical point of view, one-character braille display
requires a reduced number of electromechanical components.
This allows a smaller size of the display device, as well as re-
duced costs. On the other hand, FPGA control exhibits several
advantages in terms of ease of use and parallel processing.
Experiments demonstrate the functionality of the proposed
braille display device.

Keywords— Refreshable braille display, electromechanical
relay, field programmable gate array

1. INTRODUCTION

Visual impairment accounts for a reduced ability to per-
ceive sight. While some forms of sight loss can be compen-
sated by optical means, as for example glasses or contact
lenses, some affections lead to severe visual impairment
consisting in low vision and even blindness [1].

According to the World Health Organization, as reported
in 2014, 285 million people worldwide suffer from some
form of visual impairment, with 39 million suffering from
blindness [2].

Visual impairment leads to limitations in mobility, read-
ing, communication, access technology — such as access to
computers, smartphones, etc. Up to 80% of the cases of
visual impairment are either preventable or treatable [2]. In
the remainder 20% however vision loss is permanent, and
accordingly, require alternative methods for social integra-
tion. For exemplification, mobility is aided with instruments
such as the white cane. Reading on the other hand is aided
with audio books and the braille alphabet.

Braille is an alphabet used by the visually impaired for
tactile reading [3]. A braille cell consists of six dots, ar-

© Springer International Publishing AG 2017

ranged and numbered as illustrated in Fig. 1, and embossed
on paper. The embossed pattern then encodes the characters.

Fig. 1 The 6 dots of a braille character

Alternatively to braille written on paper, there are elec-
tro-mechanical devices which perform the display of braille
characters. These devices are called refreshable braille dis-
plays. They come as a consistent aid for access technology.
The most straightforward application is a tactile alternative
to the e-book reader [4]. Similarly, braille display in con-
junction with tactile graphics can be employed for the de-
velopment of tactile displays for mobile phones and tablets
[5].

Another exemplification of the employment of braille
display in access technology is the development of web
pages with tactile readability. For example, a platform for
online shopping developed for the visually impaired was
reported in [6].

To take matters a step further, refreshable braille display
in conjunction with audio information and tactile graphics
enables the development of virtual classrooms for e-
learning environment [7].

Refreshable braille displays are indeed a very powerful
tool for communication for the visually impaired. The limi-
tation of these devices however consists mainly in size and
costs. Indeed, refreshable braille displays are developed
around electromechanical components, e.g. coils, piezoelec-
tric devices, etc., which take up a rather large space. Conse-
quently, the refreshable braille display results in a rather
bulky device. In the same time, electro-mechanic devices
increase the cost of the braille display cell, and consequent-
ly the price per character.

Another aspect to be considered with regard to refresha-
ble braille displays is the braille cell driver. The refreshable
braille display is usually driven by a microcontroller unit,
which traditionally reads the contents of a source file which
contains the information to be displayed, and drives each
braille cell individually. Limitations from this point of view
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come from the number of characters that needs to be driven,
i.e. the size of the display device, as well as the size and
type of information which needs to be manipulated for dis-
play.

In this paper we propose a braille cell which is controlled
by a field programmable gate array (FPGA). Our choice for
a single-cell braille display is mainly motivated by size. In
the same time, tactile reading on a single cell display will
expectedly increase reading speed and user comfort.

The braille cell is built with six electromagnetic relays,
which determine the elevation state of six pins for braille
character display.

Our choice for an FPGA as the braille cell controller is
mainly motivated by ease of use and parallelism. Indeed,
FPGAs have direct access to each bit within the internal
shift registers, in contrast to microcontroller which require
bit-wise operations. Moreover, FPGAs enable parallel exe-
cution of several routines, in contrast to microcontrollers
which execute routines serially. Accordingly, it is possible
to further extend the proposed braille display cell with addi-
tional functionality, by deployment of motion and gesture
analysis, monitoring, etc.

This article is organized as follows. Section II presents a
review of refreshable braille display devices. Section III
presents the implementation of the proposed braille cell
with FPGA control. Section IV validates the proposed
braille cell with experimental results. Some conclusions are
finally drawn.

1. RELATED WORK

A first classification of the electronic braille display de-
vices can be drawn considering the type of reading. Litera-
ture in the field differentiates among static reading and
dynamic sweeping. Dynamic sweeping assumes the reader’s
finger moving over the braille characters in order to feel the
elevation of the pins. Accordingly, refreshable braille dis-
plays meant for dynamic sweeping exhibit multiple braille
cells for the simultaneous display of several characters,
usually in-between 8 and 80 [8].

Traditionally, dynamic sweeping is most widely imple-
mented using piezoelectric devices [9]. Accordingly, the
height of the dots is controlled depending on the voltage
applied across the piezoelectric devices. As another exam-
ple, the solution reported in [10] for refreshable braille dis-
plays aimed for dynamic sweeping is based on piezoelectric
linear motors. In this case, the piezoelectric principle is used
for the actuation of a motor which in turn controls the eleva-
tion of the dots.

An alternative solution for the simultaneous display of
multiple braille characters was reported in [11]. In this solu-
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tion, selective elevation of the dots is controlled by the
horizontal movement of some racks which exhibit variation
of the rack width. Accordingly, sections of the rack with
large width operate towards elevating the dots, while sec-
tions of the rack with smaller with will lower the dots. Hori-
zontal movement of the racks is actuated by sprinkles at-
tached to servomotors [11].

Static reading on the other hand assumes the reader’s
finger be laid on the braille cell and the finger stays immo-
bile during the reading process. The user only senses the
changes in the elevation of the dots without sweeping the
braille cell. Accordingly, a single braille cell is required to
be displayed for static reading.

The advantage of single braille cells for static reading is
the reduced size and lower price, as only one character
display needs to be implemented. For exemplification, the
solution reported in [8] employs pulse width modulation
(PWM) servomotors which actuate 6 needles to implement
a single braille cell. Another very attractive solution for
single braille cells is based on Microelectromechanical
systems (MEMS) [12].

As far as driving the braille cells is concerned, most solu-
tions are based on microcontrollers. Accordingly, the mi-
crocontroller reads a text file from a flash memory, e.g. SD
card, pen drive, etc., or directly from a personal computer
via serial communication, and applies the specific drive
voltages to the braille cell. For example, the ATMEGA128
microcontroller is used in conjunction with a programmable
logic device (PLD) in [10]. A PIC 18F2250 is used for the
same purpose in [11]. To add some more flexibility to the
braille display driver, an Arduino board is for driving the
braille cell in [8].

1. PROPOSED BRAILLE DISPLAY DEVICE

The solution proposed in this paper for a refreshable
braille display is based on interfacing an FPGA with the
electronic braille cell. The block diagram of the proposed
system is illustrated in Fig. 2.

The text to be displayed is available in a text file on a
personal computer. Binary encoding of the braille characters
assumes six bits corresponding to the six dots, following the
numbering presented in Fig. 1. Additionally, a two-bit pre-
fix is added to the six bits as a delimiter for a new character,
a new word, a new sentence, or as a text terminator respec-
tively.
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12V top plate

Braille Vemd bottom plate

display cell

—12V—>
—GND—»

Fig. 2 The braille pin driver

Fig. 1 Block diagram of the proposed refreshable braille display

The braille display driver was implemented on a Nexys4
FPGA board. The FPGA reads the text file from a personal
computer over UART and delivers the corresponding sig-
nals to the relays. The needles of the braille cell are then
elevated accordingly.

The FPGA decodes the most significant two bits into a
delay in displaying the next character. Accordingly, a tim-
ing is imposed in-between successive character displays as
follows. A character delimiter imposes a 1s delay, a word or
sentence delimiter imposes a 2s delay, whereas the text
terminator raises all braille dots to indicate end of text. The
remainder six bits trigger the six dots of the braille display
respectively.

The braille display cell is connected to the FPGA over an
8 line bus. Two lines are used for the 12V supply and
ground respectively. The remainder six lines are applied
directly to the braille pin drivers.

A braille dot driver is illustrated in Fig. 3. Each dot of the
braille display cell is attached to a needle which is elevated
by a LEG-5F electromagnetic relay. The relay is driven by a
BD139 transistor. Accordingly, elevation of the needle is
triggered by a 3.3V control signal Vema.

Fig. 3 The braille display: (a) top view and (b) side view

1Iv. EXPERIMENTAL RESULTS o o
The braille display cell was supplied with a 12V supply

The braille display, proposed and described in section ITI, ~ able to Qeliv.er a4A sgpply current. Spice simulation of one
was implemented practically and its operation was tested.  relay driver is plotted in Fig. 5.

The braille cell is illustrated in Fig. 4. SOV Vems

Figure 4 (a) shows a top view of the one-character braille
display, illustrating the six dots of the cell. Next, Fig. 4 (b) =Y
shows a side view of the braille display, illustrating the oo T T T e T
circuitry of the cell made up by the 6 electromagnetic re- 26ma
lays. EHN

The braille cell circuit was deployed in-between two OA ms  loms 2oms 30ms 4oms  Soms
printed circuit board (PCB) plates. Holes in both top and Fig. 4 The braille pin driver

bottom PCB operate towards maintaining the needles on the

desired axis. The test bench of the braille display is illustrated in Fig.

6. For illustration purpose, the display of the test “Hello” in
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braille is shown in Fig. 7. To be noticed in Fig. 7 is that the
first character indicates that the following character is capi-
tal, while the last character indicates termination of the text.

Fig. 5 The braille display test bench

Fig. 6 Display of the word “Hello” in braille

v. CONCLUSIONS

This paper presented a one-character refreshable braille
display. The braille cell was implemented using electro-
magnetic relays. Control of the braille cell was implemented
using an FPGA. The FPGA reads the contents of a text file
from a personal computer over UART, and drives the relays
of the braille cell. Needles attached to the relays are elevat-
ed accordingly, thus allowing the display of desired text.
The proposed braille cell is validated with experiments.

The control logic was implemented in this work using
FPGA due to its advantages in terms of ease of use and
parallel processing. As future work, we aim to make use of
FPGA parallel processing and deploy the braille cell with
additional functionality in terms of motion and gesture
recognition. By this, we aim to improve user interaction
with the braille display device, and this increase user com-
fort.
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Assessing Microcirculation for Predictive Purposes with the Aim of Reducing the
Amputation Rate in the Case of Patients with Critical Lower Limb Ischemia
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Abstract - The aim of the present study is to assess
the role of the partial pressure of tissue oxygen with the pur-
pose of having a prediction on the healing capacity of periph-
eral tissues affected by critical ischemia. As far as material and
method are concerned, the study extended over a two-year
period, broken up into three distinctive stages. A total of 198
patients diagnosed with critical ischemia in the lower limbs, in
accordance with the TASC II definition, were enrolled and
then divided into four groups: group 1: primary amputees;
group 2: repeat amputees; group 3: revascularized patients;
and group 4: unsuccessfully revascularized patients. Results:
in the first stage, it was noted that the percentage of amputees
was extremely high (75%), as compared to the percentage of
revascularized patients (25%), and a large number of repeat
amputees were also noted. The latter patient category is asso-
ciated with a large number of days of hospitalization and high
costs. By using the measurement of the partial pressure of
tissue oxygen (TcPO2) as a matter of routine, it was possible to
significantly lower the number of primary amputees (57%)
and to raise the number of revascularized patients (43%), as
compared to the first stage. Also, by assessing microcircula-
tion, it was possible to use certain objective data on the healing
capacity of the tissue, so that we no longer had any repeat
amputees. Conclusion: Microcirculation is deeply affected in
critical ischemia and the assessment thereof is important in
raising the quality of life in the case of patients with critical
ischemia.

Keywords - Critical limb ischaemia, microcirculation, am-
putation, partial pressure of oxygen

1. INTRODUCTION

Peripheral arteriopathies are an important health and so-
cial problem worldwide. The frequency of this disease
among the population is estimated to vary between 4 and
30% [1]. Atherosclerotic disease is associated with a high
risk of mortality by acute myocardial infarction or stroke.
Critical ischemia is the most advanced stage of the athero-
sclerotic disease [2].

The risk of a major amputation in the case of patients
with critical ischemia is up to 40% over a 6 month period,
with a mortality rate of 22-25% one year later. The defini-
tion of critical ischemia is based on clinical and paraclinical

© Springer International Publishing AG 2017

criteria and was established by the Transatlantic Inter-
Society Consensus in the year 2000 [3]:

1) Chronic ischemic rest pain,

2) Opioid painkillers necessary > 2 weeks,

3) Ulcerations or gangrenes of the lower limb or toes;

4) Ankle systolic pressure < 50 mm Hg,

5) Toe systolic pressure < 30 mm Hg

6) The absence of lower limb pulses in the case of diabe-
tes patients,

7) Objectively proven occlusive arterial disease,

8) The necessity of a major amputation within the next 6
months — 1 year, in the absence of any significant hemody-
namic improvement.

This definition was altered by the FEuropean Working
Group on Critical Limb Ischaemia [4, 5]:

1) Ischemic rest pain,

2) Painkillers necessary > 2 weeks

3) Ulcerations or gangrenes of the lower extremity,

4) Ankle systolic pressure < 50 mm Hg

5) Toe systolic pressure < 30 mm Hg.

1.MATERIALS AND METHOD

The study was conducted over a 2-year period, and it in-
volved patients who were diagnosed with critical ischemia
when they were admitted to hospital. The patients were
included in this study in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000 and 2008. The patients
were divided into four study groups: the first group com-
prised patients who underwent primary amputation (PA) as
a first intention; the second group comprised patients who
underwent repeated amputation during hospitalization (RA);
the third group was made up of revascularized patients (R);
and the fourth group included patients who were initially
revascularized, but the procedure failed, so that eventually
amputation was necessary (RF). The patient inclusion and
exclusion criteria were defined. The inclusion criteria for
this study were: patients with critical ischemia defined on
the basis of clinical symptomatology: rest pain with pain-
killers required over a period exceeding 2 weeks or the
presence of necroses or gangrenes; patients with critical
ischemia defined on the basis of paraclinical examinations:
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ankle-arm index under 0.45, TcPO2 under 40 mm Hg, and
age: over 50. The exclusion of patients from the study was
carried out based on the following criteria: acute arterial
occlusion, major surgery (including heart surgery) within
the past 3 months, severe cardiopathy with an ejection frac-
tion of under 25%, hepatic or renal insufficiency, anemia,
coagulation disorders, acute or chronic infectious diseases,
severe diseases (septicemia, HIV, type B or C hepatitis,
lupus, multiple sclerosis).

The study had three distinctive stages. In the first stage,
which extended over the first year, the patients who were
treated in the usual manner were analyzed. The results ob-
tained in the course of this stage indicated a high amputa-
tion rate, as compared to a low rate of revascularized pa-
tients. In the second stage, a more aggressive type of
treatment was adopted, by extending the revascularization
indication, as a result of which a significant drop in the
percentage of amputated patients was achieved, corroborat-
ed with a significant increase in the number of revascular-
ized patients. During this stage, complex equipment for the
study of microcirculation (Perimed) was acquired. The
equipment comprises 3 modules for measuring of partial
pressure of oxygen in peripheral tissues (TCPO2), a module
for measurement with the aid of laser-Doppler flowmetry,
and a module for measuring toe systolic pressure. In the
third stage, by using the acquired equipment as a matter of
routine, we were able to completely eliminate repeated
amputations.A complex study sheet was prepared for each
patient and, in the end, a data base was created using Mi-
crosoft Excel. The purpose of this study was to achieve a
drop in the rate of primary and repeated amputations in the
case of critical atherosclerotic ischemia of the limbs. And
the secondary purpose, derived from the main one, was to
make profitable the cost — therapeutic efficiency ratio.

1. REsuLTs

The first stage of the study included a number of 96 pa-
tients, the second stage, 74 patients, and the last stage, 28
(Table 1).

The analysis of the patients’ general data shows that the
global average age of the patients was 65.7 years old, the
minimum being 50 and the maximum, 87, and it is shown in
detail in the 4 groups, with a much larger percentage of
male patients as compared to female patients (Table 2).

The main risk factors identified are shown in Table 3. It
is interesting to note that over half of the patients have
dyslipidemia and almost 75% of the patients suffer from
hypertension. Smoking was encountered in the case of only
33.5% of the patients, who were heavy smokers, in that they
smoked over 1 pack of cigarettes per day.
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Table 1. The total number of patients studied and their distribution by

group.
Result (1) | Result (2) | Result (3) | Global
96 cases 74 cases 28 cases result
198 cases
Primary 52 34 12 98
amputees (54.1%) (45%) (42.8%) (49.5%)
Repeat 21 7 0 28
amputees (21.8%) (12.5%) (14.14%)
Revascularized | 17 28 14 59
patients (17.7%) (37.5%) (50%) (29.8%)
revascutarises | © 5 2 13
0, 0, 0, 0,
patients (6.2%) (5%) (7.1%) (6.5%)
Table 2. General data
PA R RF RA Total
Age | Average | 67.53 62.11 64 67.21 65.7
min 51 50 51 54 50
max 87 82 82 86 87
Sex M 73 51 12 22 158
F 25 8 1 6 40

PA — primary amputations — revascularized, RF — failed revascularization
cases RA — repeated amputations

Table 3 Main risk factors

PA | R | RF | RA Total
Smoking 28 | 25 | 6 8 67(33.8%)
Diabetes o
A 57 8 8 | 15 88(44.4%)
Arterial 75 | 48 | 4 | 20 | 147(74.24%
hypertension

Dyslipidemia s3] 35 | 7 | 17 | 112(56.56%)

Besides these risk factors, the presence of the following
associated comorbidities was also noted (as shown in Table
4): cardiac (8.58%), renal (3%), respiratory (3.53%), and
neurovascular (11.61%).

Table 4 Comorbidities

PA| R RF RA Total
Cardiac 12 4 1 17(8.58%)
Renal 5 1 6(3%)
Respiratory 6 7(3.53%)
Neurovascular 13 23(11.61%)
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All patients underwent preoperative imagistic investiga-
tions. These were non-invasive (arterial Doppler scan) or
invasive (digital subtraction aortic arteriography). Based on
these investigations, the patients could be assigned to either
one of the two stages of the Leriche classification, which
correspond to the critical ischemia definition, namely stages
IIT and IV. Following the examinations, it was observed that
in over 75% of the cases the patients showed up in stage IV,
which is the most advanced, when the possibilities of revas-
cularization are greatly limited, the only surgical interven-
tions being limited just to amputation, some of which were
carried out with the purpose of saving the patient’s life.
Once the equipment for the assessment of microcirculation
was acquired, we started using it on a regular basis, and the
assessment was conducted in the case of all patients includ-
ed in this study starting with the third stage (Table 5).

Table 5 Preoperative investigations and stages

PA R RF RA Total
Stage 111 5 33 4 3 45(22.72%)
Stage IV 93 24 9 25 151(76.26%)
TcePO2 16 0 1 13 30
Doppler scan 25 12 4 4 45
Arteriography 13 40 5 4 62

At the same time, an estimate was made for the length of
the hospitalization of the patients in the four groups. It was
noticed that the patients with repeated amputations and
those with failed revascularization had the longest hospitali-
zation periods (Table 6). Due to the extension of the hospi-
talization period, the risk for certain postoperative compli-
cations to occur is extremely high. A lengthy hospitalization
period greatly raises the costs associated with these patients.
The introduction of the new methods of investigation
brought to zero the number of patients with repeated ampu-
tations, which also allowed costs to be significantly cut.

The analysis of primary amputations showed that the ma-
jority of these were major amputations (thigh) and the fact
that the percentage of the minor (digit) amputations was
lower (Table 7).
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Table 6 Length of hospitalization period

AP R RE Al
Average 3.71 4.67 6.61 4.03
Pre-op -
hospitalization Minimum ! ! ! !
Maximum 16 12 20 9
Average 11.61 11.7 14.61 19.21
Post-op ..
hospitalization Minimum ! ! 4 3
Maximum 25 35 20 60
Average 15.42 16.3 21.23 23.21
Total -
hospitalization Minimum 2 8 ? 8
Maximum 24 39 48 64
Table 7 Primary amputations
Amputation type No. %
Toe 30 30.61%
Transmetatarsal 15 15.3%
Calf 3 3%
Thigh 50 51%
TOTAL 98

As far as repeated amputations are concerned, these re-
sulted in the end, in most of the cases, in a major thigh am-
putation (Table 8).

Table 8 Repeated amputations

Amputation type No. %
Toe 3 10.71%
Transmetatarsal 5 17.85%
Calf 5 17.85%
Thigh 15 53.57%
TOTAL 28
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v. DiscussioN

Unlike the other methods, which investigate the hemo-
dynamic changes, the measurement of transcutaneous oxy-
gen pressure (TCPO;) reflects the metabolic state of the
tissues in the area where it is measured [6]. The measure-
ment can in fact be conducted at any level; however, cur-
rently, the investigated areas are the instep, the anterior
medial face of the calf 10 cm below the patella, and the
anterior face of the thigh 10 cm above the patella.

The values measured depend on the metabolic activity of
the tissue, cutaneous circulation, oxyhemoglobin dissocia-
tion, and tissue oxygen diffusion. Normally, a light progres-
sive drop is reported in the TCPO; values from proximal
segments toward distal ones, with age, as well as in an ele-
vated position of the limb.

The measurement of TCPO: is extremely important in the
appreciation of severe ischemia. Because the results are not
affected by arterial calcifications, the test has as an election
indication the assessment of the vascular state of diabetic
patients. Two exhaustive studies conducted in 1984 show
the normal and pathological TCPO; values in different lo-
calizations (Tables 9, 10) [7, 8]:

Table 9. :TCPO2 values at rest in different localizations (mm Hg)

Author Normal Claudication Rest pain

Foot | Calf | Thigh | Foot | Calf |Thigh|Foot| Calf | Thigh

Cina

+4 | 64+ - + 4| - + -
(136) | 0454|6424 46+5 | 5544 1764|4246
‘zly;;‘)e 60+7 | 63+8 | 66+8 | 56+4 | 5945 | 66+7 | 4+4 |29+2| 50«1

Table 10. Foot TCPO, values at rest and after physical exercise

Clino Ortho Orthostatism | Clinostatism
statism | statism | (during effort) | (after effort)
Normal 60+7 717 7549 69+7
Claudication 37£12 58£12 49+18 23420
Rest pain 4+4 25420 26126 5+7

The fact that microcirculation measurements were con-
ducted on all patients as a matter of routine led to a signifi-
cant decrease in primary amputations. The technique ap-
plied measures the tension of the oxygen in the skin
capillary bed and is an indirect method for measuring skin
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perfusion. The application of the method is very useful
especially in diabetes patients with non-compressible, calci-
fied arteries, in whose case the circulation cannot be appre-
ciated by determining the ankle-arm index [9]. It has very
good predictability for the appreciation of the healing of
ulcerations and it has the highest accuracy in the establish-
ment of the optimum level of amputation with a predictabil-
ity of over 87%. The measured tissue oxygen values of less
than 20 mm Hg were associated with reduced tissue viabil-
ity, confirmed by the intraoperative clinical criteria for
establishing the optimum amputation level [10]. The in-
traoperative clinical criteria for the assessment of the viabil-
ity of an amputation stump are: the appreciation of bleeding
at the level of the cross-section cut, the macroscopic ap-
pearance of the muscular masses, the appearance of the
sectioned vessels (the fact that they are loaded with athero-
sclerotic plaques, thromboses), the exteriorization of serous
edema fluid, the intraoperative endovascular ultrasound
scan, and the intraoperative angiography (if available).
Other aspects are also appreciated: the presence of osteo-
myelitis, the existence of certain necrosis areas or purulent
collections, and extended muscular necroses. The interme-
diate values larger than 20 mm Hg but less than 30 mm Hg
correspond to the values of critical ischemia, tissue viability
is at the limit, a revascularization intervention leads to an
increase in local perfusion, and the chances of keeping the
limb grow [11]. The studies showed that it is not recom-
mended for TcPO2 measurement to be used as used as a
primary diagnosis method; it should also be associated with
other paraclinical examinations as well, but especially with
a thorough clinical examination. The preoperative clinical
criteria for the appreciation of the viability of an amputation
stump are: the presence of gangrene and a possible associat-
ed infection, the state of the areas adjacent to the gangrene,
the degree of arterial ischemia highlighted by imagistic
investigations, and the duration and intensity of the pain.
Last but not least, a complete assessment must be conducted
of the general state of the patient and the presence of associ-
ated diseases: diabetes mellitus, the heart and renal function,
arterial hypertension, and stroke [12].

On the other hand, value limits have not yet been accu-
rately established, below which healing is no longer possi-
ble [13]. In our study there have also been cases in which
the values measured were below those where tissue viability
is very close to zero; however, the intraoperative clinical
criteria showed good tissue viability with good postopera-
tive healing. On the other hand, there were also patients
with good tissue oxygenation values, but, intraoperatively, a
more proximal amputation level was chosen, due to reduced
tissue viability. These controversial results, encountered in a
small number of cases, need to be elucidated by subsequent
studies, on a larger number of patients. However, TcPO2
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measurement is a useful method in the appreciation of the
optimum level of amputation [14]. In fact, our study clearly
showed that the introduction of this measurement brought
the number of repeated amputations down to zero. Another
advantage was the fact that amputations were performed at
more distal levels [15, 16]. This was associated with much
lower perioperative morbidity and mortality. On the other
hand, it was easier to fit the patients with distal amputations
with prostheses, and their social and professional reintegra-
tion went much faster. The questionnaires used in the case
of these patients also showed a significant growth in their
quality of life [17, 18].

v. CONCLUSIONS

The study has shown a correlation between the values
measured and the healing of the amputation stump, although
initially only a small number of patients were included.
Another limitation was the expensive equipment and the
necessity to have specially trained personnel to perform the
measurements and to interpret the results. Moreover, the
measurements themselves are time-consuming. However,
TcPO2 assessment is a good predictive model on the heal-
ing capacity of the tissues. An amputation level that’s as
distal as possible is associated with better patient recovery
and a greatly improved quality of life.
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An EIT Belt Reference Design with Active Electrodes and Digital Output

I. Jivet

Faculty of Electronics and Telecommunications, University Politehnica Timisoara, Romania

Abstract— A reference design of an EIT (electrical imped-
ance tomography) belt using the AFE4300 IC, with supple-
mental amplifying buffers, is presented. The experimental
results are promising, recommending it for practical imple-
mentation. The paper also indicates the possibility to develop
other EIT belts variants based on AFE4300, using multiple
impedance measuring pairs, suitable for wireless wearable EIT
belts. Lung function monitoring with tidal volume estimation
using EIT, aims at the application area of sports medicine. The
ECG sensor module of the AFE4300 was also explored as a
supplementary bio sensor channel use-full in applications. In
all, the reference design outlines a digital SPI bio-impedance
and ECG sensing modules, with low total power and cost and
ready of application in practice.

Keywords— EIT belt, AFE4300, monitoring lung function,
wireless connection.

1. INTRODUCTION

Although EIT (Electrical Impedance Tomography) re-
search failed to deliver a cross sectional body imaging tech-
nique of X-ray resolution and quality, there are yet a num-
ber of specific application areas, where the technique is
often preferred in practice. Pulmonary function monitoring
in critically ill or new born are good examples [1], [2].

The impedance image of the cross section of the torso at
the belt level is obtained by injecting currents into an elec-
trode pair and measuring the voltage difference among the
remaining pairs of electrodes around the belt [3].

The number of electrodes on the chest circumference is
usually 16 or 32. This leads naturally to as many wires run-
ning from the electrodes to the measuring and imaging
electronics. The currents and voltages at electrode pairs are
used to generate a transversal plane impedance image [4].

The concept of ‘active electrodes® refers to the idea of
bringing the electronics of current generation and voltage
measurement directly over the area of the electrodes. The
harnessing of wires thus can be reduced, as well the power
lines and noise from environment [5].

The main objectives of the work reported in the paper, is
a generic design of a versatile EIT belt, using commercially
available components.

The reference design for EIT thorax cross sectional
monitoring, is based on the commercially available analog
front end IC, AFE4300, from Texas Instruments [6]. The

© Springer International Publishing AG 2017

ASIC made available recently, was designed specifically for
bio-impedance measurements, including multiple ports for
both impressed currents and voltage measurements.

One obstacle found in using this IC for EIT belt realiza-
tion was the different impedance range of the body mass
composition target application and EIT applications. The
device was designed to measure impedances on the order of
100 — 500 ohms, a factor of 10-50 times larger than imped-
ance measured in EIT.

The sinusoidal impressed currents generated by the IC
will be multiplexed directly to the belt electrodes in pairs.
The voltage measurement electrode pairs will be supple-
mented with an amplifier to restore the collected signals
range as in the original target application to maintain device
resolution. In this way the AFE4300 16 bit precision of A/D
convertor in the voltage measurement channels is preserved.

The weight measurement channel of the AFE4300 is
used to sense the ECG signal from two electrodes placed
across the torso parallel to standard ECG ‘Lead I.

One of the inconveniencies of an EIT impedance elec-
trode belt is the need to have wires connected to it for power
and to collect the measurement data.

The output of the AFE4300 is in digital format at an SPI
(serial peripheral interface) port. The same port is used for
configuration of the device. Therefore, measured values can
be transferred to a computer using a standard SPI port. A
Bluetooth, Wi-Fi or other proprietary wireless modules can
be attached to the belt, transforming it into a wearable mon-
itoring device.

11. BIOIMPEDANCE MEASUREMEMENT WITH AFE4300

AFE4300 ADC sampling frequency is limited to 860
samples per second by design, but since the nodes can do
measurements almost simultaneously, we found that the
acquisition of digital data frame rate is satisfactory for EIT
applications.

73

S. Vlad and N.M. Roman (eds.), International Conference on Advancements of Medicine and Health Care through Technology;,

12th - 15th October 2016, Cluj-Napoca, Romania,
IFMBE Proceedings 59,
DOI: 10.1007/978-3-319-52875-5_16



74

AFE300

To Digitaizer

1SW_MATRIX
10115:]

HMUL

VSENSERN!
EIEE Tt R o S E—

s0M_PDE
o1

BODY COMPOSITION METER

Fig. 1 Impedance sensing module with an external differential amplifier.

In order to gain in speed, the imaging digital computation
part of a EIT system, is recently often implemented in H/'W
(FPGA technology) [7].

The presented reference design using the FEA3400 can
generate data at a maxim of 10 image frame/s rate, but it
does not exclude the digital processing in a FPGA for gen-
erating cross sectional impedance images at this rate. If
image reconstruction can keep the speed the final system
frame rate will be acceptable for a number of clinical appli-
cations in monitoring.

The impedance measurement module as presented in
Fig.1 uses the bio-impedance measurement part of the
AFE4300 supplemented with an external amplifier.

A modified band pass filter variation of a balanced dif-
ferential amplifier is used similar to same purpose bio-
amplifiers found in literature [8, 9].

V,

Fig. 2. The schematics of the symmetric AC voltage amplifier [8].
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The main requirement for the amplifier was to be sym-
metric in order to preserve the high CMRR (common mode
rejection ratio) of the AFE4300 voltage input stage.

The gain of the amplifier was set to a fixed value of 40,
determined experimentally as suitable, to preserve the de-
vice within the original design range of impressed current
and measured voltages.

1. PRESENTATION OF EIT BELT REFERENCE DESIGN

The AFE4300 can measure, with internal multiplexing
control, six pairs of differential voltage on the boundary of
segments of the body. Although impressive and sufficient in
a range of bio-impedance applications, for EIT cross sec-
tional impedance imaging a larger number of voltage meas-
uring pairs is necessary.

Even at a low area resolution the impedance image, rep-
resenting anatomical regions within the thorax, important
physiological parameters of the patient can be monitored.

T he two physiological parameters most frequently moni-
tored by EIT are tidal volume and cardiac output [12]. Most
of the recently published EIT systems designs use 16 elec-
trodes quasi uniformly distributed around the thorax.

For a increased resolution of the impedance image, sys-
tems with 32 electrodes are also used. As depicted in fig. 3,
with a 3/6 AFE4300 devices, all the electronics for currents
generation and voltage measurement is covered for EIT
systems with 16/32 electrodes.

Power, SPI ports select lines and the standard four SPI
wires are all the necessary wires connecting the analog front
end devices as a bus to wireless module for a complete
wireless wearable belt.

Double Link !

) L)

J ) O LIl

EL[0] EL I2 EL [3]
1] EL [1] [2] et
EL [31]
Pwr 3.3V gy 4
— (] S
SPI Sel 3
4 4
SPIData Port afed300

[0] of &

Fig. 3. The general architecture of the belt outlining resources and connec-
tions.
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The power source for the whole assemble is 3.3 V at a to-
tal operating current of only a few miliampers. Given this
power consumption a rechargeable battery with a capacity
in excess of 100 mAh will cover continuous operation for a
full day.

The wireless modules experimented with, for connection
with AFE4300 modules has been: Olimex Wi-Fi and Nordic
Semiconductor NRF24LE1 wireless modules.

The distance covered by both wireless modules is around
50 m in open space and 10-15 m inside buildings. No prob-
lems where encountered in connecting of the AFE4300
device with the wireless modules using the SPI port.

One important element of an EIT belt is the electrodes
themselves. Lack of expertise in the domain led us to use
regular (Ag-Ag chloride and contact gel) standard commer-
cial ECG electrodes.

1v. EXPERIMENTAL RESULTS

The experimental results reported in this paper refer to
the practical measurements on the body regions impedance
using the AFE4300 supplemented with external amplifiers
in front of the voltage measurement channels.

In Fig. 5 the original AFE kit with a pair of current and a
pair of voltage measurement electrodes is shown. Standard
ECG commercial electrodes have been used.

Measurements on the thorax at the heart level with elec-
trode arrangements using the most commonly EIT style [3].
A data sample is presented in Fig. 6. The values measured
have been one to two orders of magnitude smaller, com-
pared to the device specifications (100 -500 ohms).

This problem was solved by adding an amplifier to each
voltage measurement pair.

PR T

Fig. 5. The experimental kit used with current electrodes (black) and
voltage electrodes (red).
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Fig. 4. The weight module of the AFE4300 used for ECG signal sensing
similar to literature [10].

Several sets of complete data to reconstruct the imped-
ance image have been collected manually. The reason for
this is a limitation of the demo software that comes with the
original kit. Access to program the internal registers of the
AFE4300 and configure the device is limited without modi-
fications of both H/W and software.

The voltage values obtained following the addition of the
amplifiers reached the specification range of the AFE4300.

A prototype is under development with configuration
software in the wireless module MPU to collect real time
data and then use a popular free EIT image reconstruction
like EIDORS to get the cross section impedance image [11].

The speed of data collection will determine the maximum
speed of image frames, assuming the ideal case in which
computations for image reconstruction is faster.

Considering a data collection policy with one current
generation pair and maxim number of electrodes minus the
two, in pair combinations, one can estimate the image frame
rate, possible to be obtained using the AFE4300 solution.

A general estimation leads to an imaging frame rate of
10/5 fps for a belt with 16/32 electrodes. The result was
obtained taking in consideration that each AFE4300 device
needs to multiplex in sending data from only its six measur-
ing pairs, for a body cross section image. SPI speed at hun-
dreds of thousands of bits per second is not a limiting factor.

According to the literature on EIT cross sectional imped-
ance images show local variations depending both on lung
function, breathing and heart blood pumping.

In order to monitor any of the above changes by imped-
ance variation estimation the ECG sensing is also necessary.
Fortunately the AFE4300 weight measuring channel can be
used to sense the ECG voltage changes induces on the thor-
ax surface [10].
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Fig. 6. Sample respiration data on the side of the thorax (with-ought ampli-
fication ) .

In Fig. 4 is presented the recommended band pass filter
to be added to the AEF3400 weight measuring channel for
ECG sensing. This channel measured voltages, share the
same A/D conversion and SPI interface with the impedance
channel.

The sensitivity of the surface measured voltage drops, to
the lung breathing within the thorax, as can be seen from a
measurement sample data set presented in Fig 6, are signifi-
cant in value. The voltage sample rate was set to 128 sam-
ples per second and the instantaneous voltage displayed in
volts.

Lung functioning, monitoring in critically ill or wearable
tidal volume monitoring in sports medicine are thus justified
by the capabilities inherent of the present design [12].

Simplified, with less electrode pairs variant of the belt
presented, can be further developed.

The attained objective of the paper was to develop a ref-
erence design that can maximally cover a range of applica-
tions. Simplified and ‘tuned’ variants will follow as future
objectives and work.

v. CONCLUSIONS

A reference design of an EIT belt, using the AFE4300
with supplemental amplifying buffers, is presented and
shows promising results recommending a practical imple-
mentation.

The reduced sampling rate and other functional parame-
ter of the proposed design, when compared with recently
developed EIT belts found in the literature, is balanced by

IFMBE Proceedings Vol. 59
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its SPI only digital interface, low total cost and practical
feasibility.

The paper also indicates the possibility to develop an EIT
belt with multiple impedance measuring pairs with low
power consumption suitable for wireless wearable applica-
tions in monitoring body function.
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Age Simulation Suits for Training, Research and Development
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Abstract— Simulation of old age can be a strong tool in
providing information to researchers and developers for prod-
ucts that address to elderly people, and also for the disabled.
Medical personal that is working with people that need care
could be also users for an age simulator, with the purpose of
understanding the needs of the ones they take care of. The
benefits would be to provide better services and give empathy.
In this paper technical solutions are proposed for development
of age simulation suits, in order to identify different ways of
integrating the physical functions.

Keywords— ageing suit, age simulator, elderly.

1. INTRODUCTION

The importance of an age simulation suit is relevant thru
the information that it provides to the users of this systems.
So far we have identified a few areas of interest for this type
of simulators: research and development; studies regarding
elderly; development of assistive systems for elderly or the
disabled; development of biomechanisms like exoskeletons;
development of households for the elderly; development of
vehicles; the use for life insurance companies; training of
medical specialists.

There are different models of simulators that cover limi-
tation for the limbs, back, neck and head, and also different
sensorial losses like hearing and vision. The materials used
for construction start from simple products like an elastic
strap and can go up to virtual reality glasses to simulate
vision deficiencies.

1. AGEING SUITS PREVIOUSLY DEVELOPED

A. AGNES

The Age Gain Now Empathy System also known as
AGNES Fig. 1 is a suit developed by the MIT AgeLab re-
searchers and it has been designed to simulate the motor,
visual, flexibility, dexterity and strength of a person around
75 years old [1]. The main components of the suit are: a
helmet- used to anchor the elastic straps attached to the belt;
glasses to simulate eye related degradation; ear plugs to
reduce hearing; a cervical collar to limit mobility at the
cervical level; orthosis for the wrists to reduce mobility;
gloves used to alter the tactile sense and reduce the hand

© Springer International Publishing AG 2017

mobility; a belt used as an anchor for the elastic straps;
elastic straps connected between the belt and the helmet,
belt and ankles, belt and wrists - they create a tension that
creates difficulty in movement; orthosis for knees and el-
bows to reduce movement and induce fatigue; shoes made
from foam to embrace the user.

Fig. 1 AGNES Ageing Suit
B. Genworth R70i

The R70i suit, Fig. 2, produced by Applied Minds LLC
for Genworth is considered to be the most evolved ageing
simulator at this moment [2]. Latest technologies are com-
bined to create a realistic feeling of old age.

The suit is made of an exoskeleton, controlled by a com-
puter located in the back, and a virtual reality helmet. The
helmet integrates a set of headphones, that simulate hearing
disorders, and cameras combined with an augmented reality
vision systems, that simulate age related vision disorders.

The exoskeleton is able to add force to the joints, in this
way making movement difficult. This experience is high-
lighted to other participants by the LED-s installed and
change color accordingly.

The augmented system simulate hearing impediments
like hearing loss, tinnitus, aphasia, and vision deficiencies
like glaucoma, cataracts, macular degeneration, and floaters.
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These technical elements have the role to disorient and
weaken the user, in order to simulate the feelings of an
elderly person. Due to the multitude of the stimulus it is not
uncommon that the user would fall during utilization.

Fig. 2 R70i Genworth Ageing Suit

The whole system is controlled wireless by an operator
that adjusts the settings to simulate the different age related
deficiencies. The data is transmitted to the computer from
the back, and processed to execute the desired functions.
The computer also adds weight to the system, which helps
in obtaining the desired simulation effect.

C. GERT system

GERT suit Fig. 3 stands for Gerontologic Test suit and is
produced by company Produkt + Projekt Wolfgang Moll in
Germany.

Fig. 3 GERT Ageing suit
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GERT is a system that integrates different components
into a suit to limit movement and sensorial capacities in
order to create similar effects to the ones experienced by
elderly people [3].

The different components are divided in modules. The
head age simulation includes special goggles, hearing pro-
tection and a cervical collar. The torso age simulator in-
cludes a weight vest. The arms age simulation includes
elbow wraps, weight cuffs and special gloves. The legs age
simulation includes knee wraps, weight cuffs and special
overshoes for unsteady walking.

Some special modules can be available to simulate:
tremor, hearing loss and tinnitus, different eye diseases,
hemiparesis simulator and a back pain simulator.

III. DEVELOPMENT OF AGE SIMULATION SUITS

A. Major components of an ageing suit

An ageing suit should integrate different devices or tech-
nological elements into a system that covers as much as
possible all biological systems of the body, in order to simu-
late natural sensations of ageing. Of course all effects of the
suit have to be reversible.

There have been identified 4 modules, as described in
Fig. 4, which need to be integrated to obtain the ageing
experience: the head module; torso module; arms module
and legs module. Each module has to interact with the other
ones so the simulation effect would as realistic as possible.

In the research and development step both sensorial and
locomotion functions have to be taken into consideration.
The loss of some sensorial functions, like taste for example,
cannot be simulated in an immediate reversible way. Re-
garding motion related functions, we consider that most can
be simulated.

Head
module

Simulation
Suit
integrating
system

Torso
module

Legs
module

Arms
module

Fig. 4 Major components of an age simulation suit
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Age related diseases are also a part of the project and will
be taken into consideration. Affections like Parkinson dis-
ease can be a challenge in the project [4]. Physical disabili-
ties like hemiparesis could be also simulated.

B. Module description

Each module can be divided in sub modules, and will be
treated separately, having in mind the role in the integrating
system. Both sensorial and motion functions have to be
integrated. For each function more technical possibilities
will be taken in consideration. The proposed technical solu-
tions that have been identified could be extended and com-
pleted in the future.

The head module should include a vision module, hear-
ing module and a neck mobility device. In the vision mod-
ule special goggles that simulate eye disease could be used.
A pair of headphones together with a sound playback device
could be considered to be part of the hearing module. Affec-
tions like tinnitus or aphasia can be simulated. Headphones
will also have the role of sound diminution. A cervical col-
lar could be used to limit head movement. Some technical
solutions for the physical functions diminution or loss are
proposed in table 1.

Table.1 Head module proposed technical solutions

79

Table.2 Torso module proposed technical solutions

Physical function Proposed technical solution

Spine movement - Vest with weight added

- Backpack

- Belt for connecting elastic
straps

- Exoskeleton

The arms module integrates sensorial diminution that
could be simulated with a pair of gloves and movement
limitation of the shoulder, elbow and wrist. The gloves have
also the role of reducing mobility of the hand and the capa-
bility of grasping. A tremor simulator could be implemented
using a functional electrical stimulation device. Reaching
for objects and grasping capabilities are intended to be af-
fected. In table 3 there have been identified some technical
solution for physical function reduction.

Table.3 Arms module proposed technical solutions

Physical function Proposed technical solution

Tactile sense - Gloves

- Fingers protections

- Metallic exoskeleton
- Tremor simulator

Shoulder, elbow and wrist move- | -  Orthosis with elastic systems
ment - Orthosis with braking systems
- Elastic straps

- Exoskeleton

Physical function Proposed technical solution

Vision - Special glasses that simulate
eye disease
- Virtual reality system

Hearing - Audio headphones with sound
playback

- Noise protection headset

- Headphones with noise can-
celation system

Neck mobility - Cervical collar
- Head torso fixation device
- Exoskeleton

In the legs module walking is affected by hip, knee and
ankle restriction. Adding overshoes should affects stability
and would give a better understanding for the user of using
crouches and walking frames for example. Also by adding
force to the joints, fatigue will be installed and the walking
distances will be reduced. In table 4 the proposed technical
solutions are displayed.

Table.4 Legs module proposed technical solutions

Physical function Proposed technical solution

In the torso module a weight vest could be used to limit
spine movement. The main role of the vest would be to
reduce mobility in the spine and pelvis, grow the physical
load and affect equilibrium. Adding weight to this part of
the body would affect also breathing, by pressing the thor-
ax. This would create in time fatigue for the user. A belt
could be used in combination with the vest to attach elastic
straps between the limbs and the belt. Table 2 describes the
technical possibilities that could be used to limit the torso
mobility functions.

Hip, knee and ankle movement - Orthosis with elastic systems
- Orthosis with braking systems
- Elastic straps

- Exoskeleton

Foot movement - Overshoes
- Metallic plate
- Exoskeleton

IFMBE Proceedings Vol. 59

C. Simulation of physical disabilities

This type of suits could be also used to simulate different
physical disabilities. Some physical handicaps could be
easily simulated, but others would need more complex
technical solutions. For example to simulate complete
blindness, it would need just something to cover the eyes,
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but to simulate hemiparesis (Fig.5) more modules need to
be adapted.

Fig. 5 Hemiparesis simulator

In a modular system this could be possible just by modi-
fying the structure of the suit on the sub module that pre-
sents interest.

Better understanding the needs of a person that is in a
wheelchair or is suffering of hemiparesis, could help de-
signers develop products that would better fit the needs of
the users. Smart homes integrate also devices and applianc-
es addressed to the elderly and the disabled, in order to help
them have a better life. Building homes for these social
categories has always been a challenge, and simulating
physical disabilities could help in better designs [5].

Training of the medical personal that is working with the
physically disabled would be also a good possibility of
better understanding the state of the patients that they are
working with, and will create empathy for them [1].

1v. CONCLUSIONS
Ageing is associated progressively with chronic diseases

that eventually would take the person to need special care or
special devices adapted to their needs.
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These simulation systems are willing to give a better un-
derstanding of ageing for young people especially for re-
searchers, designers and medical personal.

The effects of these suits have to be reversible for the us-
er, leaving behind an experience that could create empathy
or even change a life style.

Simulating the motor effects represents just a part of the
deficiencies accumulated by ageing. The loss of Sensorial
capabilities represents also a reality, it this is very difficult
to simulate the loss of all the sensorial receptors in a re-
versible way.

The ageing effects have to be taken into consideration
when products are designed, and services are being given to
the elderly or the disabled.
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Low Cost Command and Control System for Automated Infusion Devices

B. Tebrean, S. Crisan, C. Muresan and T.E. Crisan

Electrical Engineering and Measurements Department, Technical University of Cluj-Napoca, Cluj-Napoca, Romania

Abstract— The aim of this paper is to present a low cost sys-
tem that can be adapted to different infusion devices. A labora-
tory test device is presented. The paper offers technical details
about the sensor acquisition process using an ARDUINO
UNO® board and the infusion process performed with a sy-
ringe actuation device. Several tests were carried out using a
simple and adaptable virtual instrument created in Lab-
VIEW®. Experiments involved a pulse sensor to test the viabil-
ity of the solution. The applicability of this technical solution
can be found in various fields of applications - medicine, engi-
neering, chemistry, biology, food processing.

Keywords — infusion devices, virtual instrument, pulse
monitoring.

1. INTRODUCTION

The controlled delivery of a substance through automated
infusion devices is an important area of research in various
fields of engineering. The development of integrated medi-
cal systems used nowadays includes automated syringe
pumps, controlled perfusion devices, peristaltic pumps or
many other self-operated instruments that can ease the work
of medical personnel. [1] [2]

A variety of sensors, electronic components, electric
drivers and motors are integrant parts of the mentioned
equipment. For that reason, in various cases, the real usage
of the integrated medical device is reduced and the costs are
high in respect with the real necessity of the product. [3]

The aim of this paper is to present a simple and low-cost
method of monitoring and delivery a drug to patients
through an automated syringe. The infusion device will be
controlled with respect to the response from a pulse sensor,
but the experimental device and the virtual instrument that
controls and commands it can be easily adaptable to many
other biomedical sensors or clinical situations besides the
presented one.

1. EXPERIMENTAL DEVICE

A. Device configuration and working principle

The device that is subject to the present paper has the
structure presented in figure 1.
The structure of the implemented application in based on

© Springer International Publishing AG 2017

two distinct levels:
- the signal acquisition and the actuation system;
- the measuring/processing unit and the actuation control.

o
1 ARDUINO + DRIVER STEPPER &

] ]
PULSE SIGNAL ] I STEPPER'S SYRINGE
SENSOR ACQUISITION DRIVER 4 ACTUATION SYSTEM
L

DATA PROCESSING 1
AND CONDITIONING 1

PULSE MEASUREMENT

AND DISPLAY

Fig. 1 The block diagram of the automated infusion device

Each element from this block diagram has a specific role
in the functionality of the device:
- the pulse sensor — converts the patient pulse into a time
dependent electrical signal,
- the signal acquisition block — using an analog input chan-
nel of an ARDUINO UNO® board, the electrical signal is
acquired and converted to digital; [4]
- the measurement and display block — with the aid of a
virtual instrument, created in a graphical programming
software - LabVIEW®, the signal provided by previous
structures is measured and displayed;
- the data processing and conditioning block — is used to
compare the received information with certain limits and to
correlate the decisions that will be sent to the actuation
block in respect of the measured signal;
- the actuation control block — send the stepper’s driver the
digital code necessary to impose the speed and the direction
of the stepper motor;
- the stepper’s driver block — consist of a dedicated elec-
tronic driver for bipolar steppers - A4988 and the power
circuits; [5]
- the syringe actuation system - through an electromechani-
cal system that enables proper handling of syringes.

B. The device’s components and electrical circuit

The electrical circuit and the components of the experi-
mental device are presented in figure 2.

The main part of the electrical command and control cir-
cuit is an ARDUINO UNO® board. The properties of this
platform allow for the measurement of the pulse provided
from the sensor on channel A0 (analog input 0) and to give
a 5V voltage to power-up the sensor.
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The pulse sensor is an open source hardware that
measures the blood-oxygen concentration through an optical
method. In the electrical diagram it is represented in the
middle of the board, but in real situation it is placed on a
finger or attached to the ear of the patient. [6]

—

Fig. 2 Electrical diagram of the device

In order to control the syringe a bipolar stepper motor
was used. This stepper is controlled through a specialized
driver that generates the PWM used by it. The driver is also
commanded by the ARDUINO UNO® board from two
digital output channels, one used to select the rotation direc-
tion (digital-output 2) and one to set the speed (digital-
output 3). The driver has its own power supply with 12V
c.c. voltage that can provide a maximal current of 1A/phase
for the stepper.

The syringe actuation system contains several compo-
nents as it is shown in figure 3. This structure was adapted
after a configuration created by the researchers from “De-
partment of Materials Science & Engineering, Michigan
Technological University, Houghton, USA as an “Open
source syringe pump” [7] and builds on the work described
in [8]

In our case, the structural parts ware built from high den-
sity PLA (polylactic acid) on a 3D printer. The material
properties confer the mechanical resistance necessary in this
situation.

Fig. 3 The syringe actuation system

The components of the actuation system are:
- one steel threaded rod and two aluminum guide bars (1);
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- the stepper motor NEMA 17 (2);

- the support for the stepper/guide bars (3);

- the syringe fixing elements (4);

- the end support for guide bars (5);

- the plunger holder (6) and the plunger fixing element (7).

1. EXPERIMENTAL RESULTS

In order to perform a set of tests, an experimental setup
was implemented as it is shown in figure 4.

. LT

Fig. 4 The experimental implementation

For the control and the monitoring of the automated sy-
ringe, a virtual instrument was created with the aid of the
graphical programming software - LabVIEW®. This soft-
ware allows the user to visualize the signals through a
frontal panel, to control the flowrate of the syringe or other
critical parameters of the experimental setup.
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Fig. 5 The front panel of the virtual instrument

In the central part of the front panel it was disposed a
waveform chart that presents the signal acquired from the
pulse sensor. Also on this graph, the limit of detection is
represented with a red line. This limit can be manually ad-
justed from the panel through a potentiometer, setting in this
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manner the triggering position with respect to the amplitude
of the received signal. The snapshot of the application pre-
sented in figure 5 shows the case where the pulse was artifi-
cially decreased in order to trigger an infusion condition.
The green led shows that the system is running as a re-
sponse to the threshold limit of 40 bmp being reached.

The front panel can be easily modified in order to re-
spond to various necessities of the user. In this situation just
some of the features were used such as:

- frequency of the PWM signal — used to modify the speed
of the stepper;

- direction switch — used to refill the syringe or to deliver
the substance;

- pulse value indicators — display the numerical value of the
pulse and a LED to show the presence of the pulse;

- operation and critical limit indicators — LEDs which show
if the device is in normal operating process or some opera-
tional imposed limits have been reached.

The block diagram of the virtual instrument contains
three different operational blocks, each of them having a
precise purpose in the functionality of the experimental

device:

- the pulse measurement and display block (1),

- the data processing and conditioning block (2),
- the actuation control block (3).

The first block of the diagram allows the initialization of
the ARDUINO UNO® board and sets the serial port that
operates, in this case COM 7. Using the function “Analog
Read 1 Channel” prescribed on channel 0 — analog input -
the signal from the pulse sensor is acquired. This signal is
displayed on a graph together with the detection level.

The data processing and conditioning block receives the
numerical data from the pulse sensor and stores it in a ma-
trix on each iteration of the “While loop” with the aid of a
“Shift Register”. This operation is necessary in order to use
the “Threshold Detector” function to count the number of
times when the input signal is passing the detection level.

Using a timer function, the values given by the detector
mentioned above will be introduced into another matrix that
will hold, every 15 seconds, the number of pulses detected
from the beginning of the program. In order to display the
real values of the pulse, this array will be ordered descend-
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Fig. 6 The block diagram of the virtual instrument
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ing and multiplying by four the difference between the last
two values, the pulse rate in beats per minute is obtained.

In the actuation control block the pulse value is com-
pared with a critical one and imposing the supplementary
condition that the pulse is not zero, allows - through a
“Case” structure - to select the frequency with which the
control pulses will be sent on two digital channels of the
ARDUINO UNO® board: the direction of rotation on chan-
nel 2 digital and the stepper speed on on digital channel 3.
Those values can be modified from the frontal panel of the
virtual instrument or included as constants in the block
diagram. Also in this part of the block diagram, a signal
provided by a switch sensor on digital input 7 channel is
acquired, allowing the virtual instrument to stop the infu-
sion process when the syringe has been completely emptied.

The flowrate of the infusion process (QOp) is proportional
with the frequency of the PWM signal (fpway) that imposes
the speed of the stepper. The equation is completed using
several other terms such as: the pitch of the threaded rod
(pm;), the step angle of the stepper motor (1) and the inner
diameter of the syringe (d;»,) as seen in equation 1.

f .
Qfi = dint * Puj P;ggin 1)

For different syringe volumes, the flow rate of the sys-
tem has been computed.

Table 1 Infusion flow rate on different values of PWM signal

Sringe Inside Flowrate at different PWM frequences
volume | diameter (ml/min)
(ml) (mm)
100Hz | 200Hz | 300Hz | 400 Hz | 500 Hz
1 4.69 0.07 0.14 0.21 0.28 0.35
3 9.65 0.15 0.29 0.43 0.58 0.72
5 12.45 0.19 0.37 0.56 0.75 0.93
10 20.05 0.30 0.60 0.90 1.20 1.50
20 22.9 0.34 0.69 1.03 1.37 1.72

Experiments have revealed that the current electro-
mechanical construction of the device allows for a mini-
mum resolution of 0.07 ml/min for the 1ml syringe — the
syringe with the smallest volume - and 0.35 ml/min for the
largest volume syringe tested of 20ml.

v. CONCLUSIONS

The command and control system presented in this paper
may represent a low-cost viable solution on various infusion
automated devices. The applicability of this technical solu-
tion can be found in various fields of applications - medi-
cine, engineering, chemistry, biology, food processing.

The virtual instrument can be easily adaptable to many
types of sensors and the user interface can be modified
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without major effort in order to respond to different practi-
cal situations. The main advantage of this solution is that it
allows a very fast modification of dosage of the substances,
of the flowrate or the timing of the infusion process.

The device has been thoroughly tested under laboratory
conditions. However, in order to implement such a device in
a clinical trial further enhancements are needed.

From an economical point of view, the costs of such a
system are relatively reduced in comparison with similar,
classical solution used in practice.
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Monitoring System for the Emotional States
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”Stefan cel Mare” University, Suceava, Romania

Abstract— The paper presents a developed system for moni-
toring emotional states, depending on different stress factors,
based on electrodermal response. The system is based on e-
Health Sensor Shield platform developed by the Libelium
company. Parameters monitored in order to set off emotional
states are: galvanic skin response and body temperature. The
information is sent wirelessly to a computer and the precessed
using a virtual instrument developed in LabView. The pro-
posed system allows monitoring a maximum of 253 subjects
simultaneously.

At the end of the paper are presented the main conclusions
related to the emotional states system development and im-
plementation.

Keywords— galvanic skin response, emotional states, Lab-
View, sensor, Arduino

1. INTRODUCTION

The emotional states represent an important parameter in
the study of human being behavior and for introducing
human factor in systems with artificial intelligence.

Encoding and interpreting the emotional states represent
a challenge for researchers from various research centers,
and were developed various solutions in this direction.

The systems developed for monitoring emotions are
based on several parameters, including observable changes
like face expressions, body postures, vocal tones, and phys-
iological signal changes such as heart rate, temperature and
respiration,skin response.

The skin is a conjunctive-vascular membranous integu-
ment that covers the entire body and that continues with the
semi-mucous and mucous of the natural cavities, and it is
composed by epidermis, dermis, hypodermis and skin an-
nex: sebaceous and sweat glands [1], [2].

The last one presents a particular interest because its ac-
tivity can be triggered by emotional stimuli, with its origin
in the cerebral cortex.

The connection between emotional states and electrical
phenomena of epidermis has been observed since 1880.

Subsequently, the electrically monitoring of the epider-
mis became one of the most used biosignals in psychophys-
iology. This was due to facile method of taking electroder-
mal response (EDR), whise intensity depends upon the
psychological significance and intensity of the stimulus.

© Springer International Publishing AG 2017

The term of electrodermal activity used to characterize
all electrical phenomena on the skin and its annexes was
introduced in 1966 of Jonson and Lubin.

Dermis parameter variation is due to changes induced by
different stimulion sweat gland activitythrough the balance
changing between the positive and negative ions in the fluid
secreted on its level [3].

The electrodermal measurements can be achieved by
applying an electrical current, direct or alternating, a meth-
od that is called exosomatic.

When it is applied direct current, the electrodermal re-
sponse will be the skin conductance. For the case when it is
applied, an alternating current theelectrodermal response
will be the skin admittance.

The electrodermal activity measurement method without
using a power source is called endodermal activity.

The latter is the most common method of measuring the
electrodermal activity for the emotional states interpreta-
tion.

In this paper is presented a hardware solution for the
electrodermal response measurement for monitoring the
emotional states variation according to different stressors.

1. SYSTEMS DEVELOPED WITHIN THE “STEFAN CEL MARE ”
UNIVERSITY

Within the “Stefan cel Mare” University were developed
two variants of systems for assessing the emotional states.
The first variant of the device is based on a resistive voltage
divider which measures the skin conductance by using a DC
voltage with an amplitude of 2,5 V, supplied by a source of
reference voltage thermally compensated, performed with
the circuit TL431. The voltage divider is made up of a fix
resistor and the resistance of the skin segment placed be-
tween the contact electrodes [1].

The system has 4 acquisition channels and is calibrated
to measure identically on each measurement channel availa-
ble; the only differences in measuring will be those ones
specific to the subjects connected (to the electrical charac-
teristics of their skin). The potential difference recordes is
measured with an 8- bit microcontroller “PIC18F458”.

The data are transmitted to the PC by Bluetooth proto-
col and then are processed in a Labview application that
displays them on individual graph and saves values on an
xls file. In Figure 1 is presented the block diagram of the
device [1].
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Fig.1 The block diagram of device for the first variant

The second variant of the acquisition system allows mon-
itoring of a single subject, but increases the number of data
taken. Can be used simultaneously more systems depending
on the number of subjects monitored. The resistive voltage
divider that measures the skin conductance by injecting a
DC voltage with an amplitude of 2,5 V is powered by a
source of reference voltage thermally compensated made
with the circuit MAX6029. The voltage variation is then
read by the analogical port of the microcontroller (At-
mega328) that performs internally an average for 50 sam-
ples, then sends the value as characters by bluetooth to the
virtual instrument, to be processed.

M.Cenusa et al.

Fig. 2 The second variant of the system

In Figure 2 is presented the system for monitoring the
emotional states [1].

In Figure 3 are shown graphically the skin resistance var-
iation taken for 12 subjects when they were viewing a mov-
ie sequences chosen to transmit different feelings.

On the graphics are marked changes that occur in certain
sequences of the film with the strong emotional charge.
From the analysis can be observed that the measured values
depend on the degree of involvement, reaction speed and
attention of each subject [1].

i F 8§ BB

§

§

—

Fig. 3 Skin resistance variation for 12 subjects
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1. FUTURE DEVELOPMENT OF SYSTEMS FOR MONITORING THE
EMOTIONAL STATES

The system is based on e-Health Sensor Shield platform,
produced by Libelium Company, that allow the real-time
acquisition and measurement of multiple biomedical sig-
nals, as it is shown in Figure 4 [4].

Through it can be acquired the following signals:patient
position sensor (accelerometer), glucometer sensor, body
temperature sensor, blood pressure sensor (sphygmoma-
nometer), pulse and oxygen in blood sensor, airflow sensor
(breathing), galvanic skin response sensor (GSR - Sweat-
ing), electrocardiogram sensor (ECG), electromyography
sensor (EMG).

Processing and transmission of the data taken by the e-
Health Sensor Shield system is achieved through the Ardui-
no Uno WiFi development board, as it is shown in Figure 5.
The Arduino UNO WiFi board is based on the ATmega328
and it has an integrated ESP8266 WiFi Module.

The board can be powered via the USB connection or
with an external power supply.
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To highlight emotional states, a sensor for measuring
skin resistance (galvanic skin response) and a body tem-
perature sensor manufactured by Libelium are used. Also,
the system aims to determine the influence of external envi-
ronmental, humidity and temperature parameterson electro-
dermal measured resistance value [5]. To do this, a tempera-
ture and humidity sensor is used, which has as basis the
SHT1 lintegrated circuit.Information based on the external
environmentalparameters is processed directly on the Ardu-
inoUnoWiFi.

The device consisting of sensors, dedicated e-Health
board and Arduino Uno board (Figure 6) transmitsevery 10
seconds wireless data acquired to a router and onto a central
unit, which can simultaneouslyreceive data via the router
and from up to 253 such devices (Figure 7). Data is pro-
cessed and analysedin the central unit through an applica-
tion developed in LabView programming environment.

e

Router PC

Humidity of Temperature Body Galvanic
evironment of temperature skin
environment response

b)

Fig. 6 System for electrodermal response measurement
a) prototype; b) block diagram
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Fig. 7 Communication block diagram

The experiment will be performed on groups of 5 people,
placed in a sitting position in a room equipped with video
and air conditioning, with humidity and temperature control
possibilities. For measuring the electrical resistance of the
skin, sensors are installed on each subject, one on each
index finger and ring finger. Their position was chosen
considering that previous studies have demonstrated that
this anatomical area is most suitable for measuring electro-
dermal response due to its numerous sweat glands (300
glands per cm?). The temperature sensor is placed in the
central area of the palm.

Before introducing the subjects, in the room the tempera-
ture will be set 16 C and the humidity will be set at 40%.

The screen will project a film with a lasting of two hours
during which it will insert images, conversations or unex-
pected noises meant for anxiety induction and negative
emotional reaction. The experiments were performed on
several groups of people in the following situations:

- temperature in the room will rise gradually from 16°C
to 30°C, with the humidity maintained constant
(40%);

- temperature is maintained constant and the humidity
will increase progressively up to 80%;

- gradual increase of temperature from 16°C to 30°C and
humidity from 40% to 80%.

Electrical resistance values of the skin and body tem-
perature are measured every 10 seconds and transmitted to a
computer that runs an application in Labview which are
processed and stored in a .xIx file.

Based on the results obtained is made a classification of
subjects depending on the answer to stress, age, gender and
occupation.In addition, parameters will determine the influ-
ence of ambient electrical resistance measurements on skin
tests,and will be performed in different ambient environ-
mental conditions.
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1v. CONCLUSIONS

The paper presents two solutions for monitoring the emo-
tional states. The measured values depend on the degree of
involvement, reaction speed and attention of each subject.

The achieved systems are limited on the number of sub-
jects that can retrieve data simultaneously.

The major advantage of the device proposed as a future
development, is that it can take data from maximum
253subjects, that can be transmitted wireless on a PC, where
can be analyzed.

Through the experiment is followed the influence of the
environmental parameters (temperature, humidity), over the
electrodermal response.

For this reason, the data collection is performed in an air-
conditioned room, the temperature and humidity being con-
trolled.
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Abstract— Vascular access is the most common invasive
medical procedure. Blood is a very good approach for a physi-
cian to assess the health of a patient. For obtaining blood sam-
ples, it is necessary to access the venous system. The over-
whelming majority of vascular access procedures are
performed without visualizing the venous system and instead
rely on what specialists can see through the skin of the patient
or the ability of the clinician to feel the vessel, which occurs
practically by assumption and with hard work. This interven-
tion can be quite traumatic, especially among children. Inter-
est in the medical and scientific community to facilitate an
intervention that reduces patient discomfort has been demon-
strated by the development of devices that help visualize the
vein map of the patient.

To help solve this problem, a prototype based on in-
frared light is proposed. An infrared light source will be pro-
vided by 100 IR LEDs. Image acquisition of the patient's skin
surface will be collected with a webcam that was modified in
advance. The acquired images will be post-processed to ensure
a better level of accuracy. This device will use infrared light to
illuminate the patient's skin, thus revealing the veins under the
skin like a map.

Due to the uniqueness of blood vessel networks, vein
maps are often used in biometrics. They are also used to identi-
fy a person through a process similar to fingerprint-based
identification.

Keywords— prototype, vein, infrared, vascularization, im-
age processing

1. INTRODUCTION

Vascular access is the most common invasive medical
procedure. Blood is a very good approach for a physician to
assess the health of a patient. For obtaining blood samples,
it is necessary to access the venous system. The overwhelm-
ing majority of vascular access procedures are performed
without visualizing the venous system and just rely on what
specialists can see through the skin of the patient or the
ability of the clinician to feel the vessel, which occurs prac-
tically by assumption and with hard work. This procedure
can be quite traumatic, especially among children. Interest
in the medical and scientific community to facilitate an
intervention that reduces patient discomfort has been
demonstrated by the development of devices that help visu-
alize the vein map of the patient. [1]

© Springer International Publishing AG 2017

To help solve this problem, a prototype based on infra-
red light is proposed. An infrared light source will be pro-
vided by 100 IR LEDs (infrared). Image acquisition of the
patient's skin surface will be collected with a webcam that
was modified in advance. The acquired images will be post-
processed to ensure a better level of accuracy. This device
will use infrared light to illuminate the patient's skin and
reveal veins under the skin like a map. [2]

Due to the uniqueness of blood vessel networks, vein
maps are often used in biometrics. They are also used in
security to identify a person through a process similar to
fingerprint-based identification. [3]

1. THEORY

The fact that IR light is associated with temperature
makes it possible to use it in medicine. Human body tem-
perature changes under the influence of certain aspects, such
as inflammation, or other tissue abnormalities, including
cancer. Fortunately, much of this variation in temperature
can be detected with the help of an IR camera. To under-
stand how the contrast of subcutaneous veins is improved, it
is necessary to understand how energy is transferred from
the veins to the infrared sensor. The human body in a neu-
tral temperature environment loses approximately 60% of
its energy through radiation, 25% by evaporation, 12% and
3% by convective conduction. This article will refer only to
heat exchange by radiation. [4]

1. OpTicAL PROPERTIES OF TISSUE AND BLOOD

The human body radiates infrared light at an intensity of
10 mW/cm? in the range of 3,000-14,000 nm. [5]

The amplitude of the infrared energy emanating from the
human body will vary depending on the spatial arrangement
of blood vessels, veins and capillaries. The temperature
varies due to a vein and the surrounding skin tissue, which
also has a gradient for the skin. Together with the Stefan-
Boltzmann law, the law of thermal radiation, thermal imag-
es can be generated according to equation (1): [6]

W=¢ec-0-T4 1)
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- W - radiant emittance W/cm?

- € - emissivity, 0.98/0.99 to human skin

- 0 - Boltzmann constant, ¢ = 5.6705 x 10 -12 W/cm?K*

- T - temperature at the skin surface, K

For individuals, ¢ is constant and ¢ is the only variable
that intervenes and affects emissivity, and it reflects the
temperature on the surface skin. Emissivity will be higher
when it is measured at a point over a blood vessel than at a
point between two blood vessels. Therefore, a model of a
blood vessel can be captured by a detector that is sensitive
to wavelengths above 3 pm and can be digitized in a ther-
mal image. Quantitative differences in skin temperature will
influence W and therefore significantly affect the thermal
image quality and contrast. [7]

CCD sensors are more efficient than human vision and
are sensitive to infrared light (which is invisible to the hu-
man eye) for wavelengths up to 1,100 nm. (Fig. 1) [8]
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Fig. 1 The sensitivity spectrum of the human eye (efficiency of detec-
tion of light using the CCD compared to three types of cone cells (red,
green, blue) and the components of the human eye)

v. CCD anp CMOS SENSORS

CCD and CMOS image sensors can both be found in dig-
ital cameras. They are responsible for converting light into
electronic signals. In the following sections, the differences
between the two types of sensors and how they affect image
quality will be discussed.

CMOS (Complementary Metal Oxide Semiconductor)
are chips that use transistors at each pixel to move the
charge through wires. This property provides flexibility
because each pixel is treated individually, and the manufac-
turing processes used to create traditional CMOS sensors
are similar to creating microchips. Because their production
process is simple, CMOS are cheaper than CCD type sen-
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sors. Because CMOS technology followed CCD technology
and is cheaper due to a more affordable manufacture pro-
cess, CMOS sensors are the reason why the price of digital
cameras fell. [9]

v. HARDWARE CONFIGURATION AND IR LIGHT SOURCE

The hardware configuration has a significant importance
for image acquisition. The camera used for this purpose
must be sensitive to infrared light, and the IR light source to
be strong enough to make the acquisition.

This prototype aimed to reduce or prevent discomfort
caused by trying to properly access the vascular system for
blood withdrawal or administration of various substances.
Another goal would be to increase successful access in the
first attempt because most often the first try is not success-
ful, which requires a second or third attempt and often
makes patients very uncomfortable.

This paper proposes enhancing the contrast of IR images
of subcutaneous veins through optical means. While the
main approach is similar to other practical studies, it differs
in aspects of wavelength. This procedure produces a signifi-
cant improvement in contrast and is harmless, effective and
has a relatively low cost.

The system is based on transillumination. An NIR light
source is placed over the area of interest, the image is cap-
tured by a camera specifically modified to be sensitive to
IR, and then the image is displayed on a monitor.

A. IMAGE ACQUISITION

The system consists of a compact low cost web camera
with a CMOS sensor with a VGA (1280x960) resolution
and adjustable focus. Prior to image acquisition, the
webcam underwent some minor changes in which the filter
was replaced by two layers of undeveloped film (35 mm).
The film is used to block any source of visible light below
850 nm (Fig. 2, Fig. 3) (blocks most of visible light/allows
NIR light to pass). The camera can be operated with one
hand due to its small size.

Fig. 2 The undeveloped film used to change the filter from the
webcam
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Fig. 3 Changing the optical filter with undeveloped film

B. DESIGN OF LIGHT SOURCE

Blood vessels, both venous and arterial, absorb IR and
NIR light to a greater extent than the surrounding tissues.
Therefore, when the body surface is illuminated, the tissue
that is richest in blood will absorb more of this light, and
other tissues will reflect this light. The analysis of this mod-
el allows veins to be visualized as localized reflections. [10]

To view the vein map using an IR sensitive camera, it is
necessary to use an IR light source. This light will illumi-
nate the area below the vascular system, and then it can be
viewed on a monitor using the camera.

A strong light source was built using IR LEDs (OFL-
5102). The characteristics of the light-emitting IR LEDs are
described in Table 1 [11].

To create a light source powerful enough for detecting
veins, 100 LEDs emitting IR light were chosen as the best
solution after several tests.

Table 1 LED Characteristics

Characteristics Values Unit
Peak wavelength (1) 940 nm nm
Diode case style 5 mm mm
No. of pins 2
Operating temperature -25-485 °C
Reverse voltage 5 v
D.C forward current 50 mA
Medium wide emission angle 30 °
Chip material AlGaAs

The best arrangement of the LEDs was determined to be
a 10x10 matrix (Fig. 4), which can the area of interest
where the vascular system map image acquisition will be
performed. After positioning the LEDs, they were connect-
ed in a series of 20 LEDs. Additionally, they were linked to
5 resistors of 120 Q each to prevent excessive current pass-
ing through the LEDs, which would ultimately require the
LEDs to be replaced. To avoid overheating, the LEDs be-
cause they are placed directly on the circuit board, a second
circuit board. This board was superimposed over the origi-
nal board so the LEDs would have a greater distance be-
tween their base and the circuit itself.
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Fig. 4 Positioning the LEDs

An IR light emitting system was created, and it required
a 32 V power supply.

Connecting the LEDs in a series was the best option be-
cause it was the most effective way to supply the LEDs
from a constant current source. If they were connected in
parallel, it might have led to problems of power distribution
through each LED. Powering more LEDs that are connected
in series also avoids uneven brightness due to variations in
power supply. Thus, all LEDs have the same power to
achieve the same level of brightness. The output voltage of
the driver of LEDs will be equal to Vout = VF x n. So, for 5
LEDs, the voltage VF (rated operating voltage) equals 2 V
when connected in a series, and the output voltage of the
driver LEDs will be 10 V. Care should be taken to keep the
limits of the input voltage nominal and not let them exceed
output levels over the proper limit. When connecting LEDs
in a series, the output current will be equal to: Iout = IF,
where [F is the rated current of the LED, which is very
important catalog data. [12]

Benefits of connecting LEDs in a series:

- Low Complexity of the Circuit

- Each LED will have the same current.

- High efficiency.

Disadvantages of connecting the LEDs in a series:

- The output voltage can become too large for LEDs con-
nected in series.

- During the lifetime of the LEDs, the operation parame-
ters can change unevenly, which leads to overcharg-
ing some LEDs and undercharging of others and
causes a more rapid failure of the array of LEDs or
uneven brightness.

-If an LED is faulty, it interrupts the brightness of the
whole series. A shorted LED has little effect on the
overall brightness of the circuit but can cause over-
voltage in other LEDs from the series [12].

If an 8 V supply was used for the LED circuit, the pro-
duction cost of this prototype would have increased consid-
erably due to the limitation that the batteries provide. Alt-
hough it would have created a more portable system, the
lifetime of the supply provided by the 8 V batteries would
have been much too short for the procedure that needed to
be implemented. Therefore, a DC power source was used
for the circuit power, and this source came from an old
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printer that could easily be connected to a normal 220 V
outlet.

The input voltage of the source was 100-240 V, 50/60
Hz, it had a frequency as well as a current of 1300 mA, and
the output characteristics of the voltage were 32 V, 325 mA.

Next-generation smart mobile phones have built-in a fil-
ter that enables visibility of the IR light in their photo cam-
era. After connecting the source to the built circuit, it was
powered from the outlet and tested with the camera of a
mobile phone to check if its working properly. The result
can be observed in (Fig. 5).

After mentioning the functionality of camera mobile
phone in IR domain, a series of questions was raised, in-
cluding the following: Why not chose to implement the
prototype using a telephone that is within reach of anyone?
Why was the prototype complicated with modification of
the webcam? Initially, that was the plan: to design a system
to show the venous map using a smart mobile phone cam-
era.

.
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Fig. 5 Powering the IR light source

After the IR light source was functioning, acquisition of
images was attempted with the mobile phone camera. As
observed in (Fig. 6), other light sources can interfere with
the IR light source, and positioning the source on the sur-
face of the hand did not lead to any satisfying results.

On the hand, only a purple spot could be distinguished
from IR LEDs without being able to see a high contrast
image of the hand vascularization. The hand of the subject
was isolated from any disruptive light source, and a new
image was acquired. This time, the result was not satisfacto-
ry either because the camera on the phone does not distin-
guish between the hand of the subject and the environment,
which made the captured image unintelligible.

Fig. 6 Image acquisition with the mobile phone camera
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vI. THE ACTUAL IMPLEMENTATION OF THE PROTOTYPE

The previous test, which included eliminating any inter-
ference of light, was a great help later on, when it was de-
termined that the same principle could be applied to the
implementation of the modified web camera. Therefore, a
stand was built for both the light source and the IR sensitive
webcam. The stand was made using a simple cardboard
box.

On the sides of the box, a portion of approximately 8x12
cm was cut so that the subject could insert their hand. To
ensure that the system was sufficiently contained and not
penetrated by disturbing light sources, a dark colored fabric
was used to minimize noise in the acquired images. (Fig. 7)

Fig. 7 View inside the acquisition environment

Parts of the box cover were cut for positioning the IR
light source and the webcam. Once they were in place, ac-
quisition of a new image without any disruptive sources of
light was attempted, but another obstacle arose. Because the
space was too small and the light too strong, the acquired
images were completely burned, which were displayed as
entirely white. After the study of several references and
patents in this area, it was considered necessary to use a
filter that could diffuse this light. To diffuse the light, 4
pieces of tracing paper were used, which is a translucent
paper obtained by finely grinding pulp.

T - S

Fig. 8 Positioning of the light source and the camera for image acqui-
sition




Low Cost Prototype for Viewing a Map of Vascularization

To enhance contrast and the quality of the acquired im-
age, a black background was used (Fig. 8). Because blood
vessels are visible as dark lines on the display, the black
background helped to determine the differences between the
surrounding tissue, the blood vessels and the initial back-
ground of the acquisition environment.

The hand of the subject was inserted into the box, and
with the camera that was connected to a laptop to communi-
cate with its associated software, the focus of the camera
could be adjusted in real-time while positioning the hand to
optimize the results. For better experimental results, it is
recommended that hands be kept still during image acquisi-
tion. The thumb was placed inside the palm, and fingers are
tightly held in a fist to apply pressure and increase the visi-
bility of venous structures.

The images that were acquired by the webcam had a size
of 1280x960 px. Using a photo editing program that re-
quired minimal knowledge of the photo-editing field, the
image size was reduced to 25% of its original size. Then,
the images from the tests had a dimension of 320x240 px.
This minimum image-processing operation increased the
contrast and visibility of veins.

All of these adjustments were conducted during a series
of tests on subjects of various ages, weights and skin pig-
ments. (Fig. 9, Fig. 10)

Fig. 9 Image acquisition of a 23 year-old overweight female subject

Fig. 10 Image acquisition of a 62 year-old, darker-skinned female
(acquisition was made on the wrist and hand)
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viI. CONCLUSIONS

At one point in our lives, every individual must go to a
medical center to undergo some tests, routine tests or check-
ups after some medical intervention.

The best way for a physician to assess the health of a pa-
tient or the development of pathological conditions is
through analysis of blood.

Gaining access to the blood vessels can be difficult, es-
pecially in children. Viewing a real time map of the subcu-
taneous blood vessels may be a solution.

To advance the solution for this frequently encountered
problem in the medical field, this study provides another
step towards extensive field research using the infrared light
spectrum.

A compact prototype with a strong light source in infra-
red (IR) wavelength was constructed, and the IR source is
formed by 100 IR LEDs connected in series and a commer-
cial web camera was used for image acquisition. The im-
portance of the webcam in implementing this prototype was
determined by the modifications that were made to enhance
the sensitivity of the camera to infrared light.

Using this prototype in healthcare can increase the per-
centage of successful attempts to access the vascular sys-
tem. Failure of such interventions could lead to a great deal
of patient discomfort, especially for children.

Future work should focus on finding new applications for
this prototype or attempt 3D remodeling of vascularity to
implement this system, which is a more affordable approach
to Doppler Ultrasound.
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Abstract— Here, we present a multi-channel data acquisition
system designed to record bio-electrical signals. The hardware
concept is modular and consists of front-end acquisition mod-
ules and a synchronization module. The raw data streams are
analyzed and stored on a personal computer or a single-board
computer, which enables complex decisions and control algo-
rithms even in real-time applications.

The system is capable of combining up to eight front-end ac-
quisition modules, each using a separated universal serial bus
data-link to the computer. Therefore, it is important to ensure
a reliable synchronization of all acquired signals. Hence, the
modules are synchronized by an external clock module, which
provides the time-base for the microcontrollers and generates
repetitive trigger pulses. The developed system ensures a syn-
chronization error smaller than 10 us which meets the require-
ments for real-time analysis of movements. The analog front-
end circuit is based on the high integrated chip ADS1299 (Texas
Instruments Inc., Dallas, TX, USA), which incorporates analog
filters and simultaneous digitalization of eight bipolar channels.
The hardware is designed to suit transcutaneous recording of
bio-electrical signals, like electromyogram, electrocardiogram,
and electroencephalogram. Nevertheless, the device is also ca-
pable of acquiring sensor and other bioelectrical signals.

The advantage of the system is a flexible design which sup-
ports real-time recordings up to 64 bipolar channels. The mod-
ular design reduces the front-end complexity and enables simple
integration in complex acquisition systems.

Keywords— electromyography, bio-electric signal, analog
front-end circuit, bio-signal amplifier, ADS1299

1. INTRODUCTION

In biomedical applications, EMG recordings are widely
used [1] and there are different concepts for data acquisition
systems for EMG signal detection [2], [3]. However, most of
them do not offer the possibility to record as much as 64
channels or lack synchronization.

One main benefit of multiple channels, EMG electrode ar-
rays and multi-channel data acquisition systems is that it can
replace the need of invasive needle electrode techniques and
calculate single motor unit activities from multiple projec-
tions in certain cases [4]. Another useful application is the
use of array based multi-channel EMG recordings to identify

© Springer International Publishing AG 2017

optimal electrode positions without multiple repositioning of
skin attached electrodes by applying quantitative selection al-
gorithms [5].

Our hardware design is based on an eight-channel record-
ing module and a synchronization module. The system is ca-
pable of combining up to eight acquisition modules via uni-
versal serial bus (USB) data link. In addition to EMG
measurements, the device is capable of recording various
sensor or bio-electrical signals like electroencephalogram
(EEQG) or electrooculogram (EOG). A computer processes
the input data and offers data management like filtering, stor-
age or visual feedback.

Finally, the system should be comfortably wearable.
Therefore, it has to be lightweight, compact, and battery-
powered. For real-time signal analysis, the system requires
high computing capacity which will be solved by integrating
a compact single-board computer.

1. IMPLEMENTATION OF THE SYSTEM

We designed a modular system for data acquisition (DAQ)
which integrates recordings of multiple EMG devices. The
recorded data should be processed using customized algo-
rithms.

Central
command
&

ELENEE

Fig. 1 This system configuration contains four recording units for elec-

tromyography (EMG module). These units are synchronized with a sep-

arate module (Sync module). A personal computer (PC) or a Raspberry
Pi 3 analyzes and manages the input data.
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The modules are interconnected with the USB-interface
that allows simple plug and play solutions. Reliable synchro-
nization of all acquired signals is necessary for precise data
analysis. The main drawback of comparable commercial de-
vices is the limited access to the raw data.

The designed system consists of one or more EMG mod-
ules that are connected to the participant via surface elec-
trodes to acquire the input control signals. The USB port
powers the modules and transmits the measured data to a per-
sonal computer (PC) or a single-board computer (Raspberry
Pi 3, Raspberry Pi Foundation, Caldecote, United Kingdom).
The synchronization module is also directly connected to the
computer, to set up the clock rate and trigger outputs. Addi-
tionally, the computer provides the power supply for the
module.

1. HARDWARE DESIGN

The EMG module (Fig. 2, Fig. 3) is based on an ADS1299
analog-to-digital converter (Texas Instruments Inc., Dallas,
TX, USA) and is applicable for various electrical biosignals.
The ADS1299 is capable of simultaneous sampling of eight
channels with an overall sampling rate of 16 000 samples per
second (SPS) and a resolution of 24-bits. The amplifier gain
is programmable up to 24. The microcontroller
(PIC32MX250F 128D, Microchip Technology Inc., Chandler
AZ, USA) is used for controlling the data stream. The clock
frequency is up to 50 MHz, which allows a high recording
rate. The integrated 64 KB memory is used to buffer the data
which is received from the ADS1299. The microcontroller
provides a USB 2.0 compliant full speed interface.

Because of the fact, that the device will be used in medical
applications an electrical isolation barrier is mandatory. An
ADuM4160 (Analog Devices Inc., Norwood MA, USA),

| 10 cm |

wo 9
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which is suitable for this purpose, is implemented and offers
5 kV isolation.

Fig. 3 Schematic representation of the EMG module.

The EMG module can be used as a standalone device with
eight bipolar recording channels or integrated in a cascaded
system of multiple modules interconnected by an additional
USB cable for receiving clock trigger impulses from the syn-
chronization module.

To synchronize data from up to 64 inputs, another USB
module was developed that acts as a clock distributor, which
provides the time base for the microcontrollers and delivers
trigger signals to reset the timestamp of the data packets. The
developed system ensures a synchronization error smaller
than 10 ps within 10 s for simultaneous signal recording. A
microcontroller generates a reliable clock source that is dis-
tributed to up to eight different modules. The low-voltage dif-
ferential signaling (LVDS) standard was used to distribute
the high frequency clock signal to all peripheral modules.

The central element of the system is a computer (PC or
Raspberry Pi 3), which is used to process the data and, in the
case of the Raspberry Pi 3, makes the system portable.

Fig. 2 Eight channel EMG module (usbEMG). 1 — isolated DC/DC converter; 2 — digital isolator for clock and trigger signals; 3 —microcontroller
(PIC32MX250F128D); 4 — LED driver; 5 — analog frontend (ADS1299);
6 — USB port isolator.
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v. FIRMWARE

The firmware of the PIC32MX-microcontroller is pro-
grammed with MPLABX an IDE (Microchip Technology
Inc.) which includes an assembler, software simulator, and a
debugger. The MPLAB Harmony Integrated Software
Framework (Microchip Technology Inc.) offers a flexible,
abstracted, fully integrated firmware development platform
for PIC32 microcontrollers.

The communication between ADS1299 and the microcon-
troller is realized via serial peripheral interface (SPI). It offers
data rates up to 25 Mbps. To ensure fast and safe data transfer
the direct memory access (DMA) module is used to reduce
CPU workload.

Using all eight channels and having a sampling rate of 8
kSPS the ADS1299 is producing 216 kB/s, which is within
the USB bulk transfer limit of about 1245 kB/s.

It is not possible to transfer the data in real time via USB,
therefore, a buffer is needed. Ideally, this is realized with a
ring buffer, to ensure data consistency. The ADS1299 writes
data in blocks of 27 Bytes but the USB is reading 64 Bytes at
once. Therefore, the smallest possible ring buffer size is the
least common multiple which is in that case 1728 Bytes. To
get the best results, the ring buffer was chosen to be as big as
possible. The PIC32MX offers 64 kB RAM, with the space
occupied by the program itself, the resulting ring buffer size
is around 55 kBytes.

V. SOFTWARE

A C# program was developed to process the data packets.
It allows digital filtering and visualizes the recorded signals
per channel. The software detects all connected modules and
offers the possibility to trace every channel per device. It is
also possible to set the configuration of each module, i.e.
sampling rate, gain, and other registers of the ADS1299. Fur-
thermore, the data can be recorded and saved in the common
Hierarchical Data Format (HDFS), which is particularly use-
ful for managing large amounts of data. It is supported by
many commercial and non-commercial software platforms
including C#, Java, MATLAB. Data compression is neces-
sary because of a large amount of data. Eight channels sam-
pled with 8 kSPS generate about 13 MB data per minute. Us-
ing eight modules, this would produce more than 100 MB per
minute. So structured data and especially compression are es-
sential.
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vI. EVALUATION OF THE SYSTEM

A. EMG during voluntary motor task

In a preliminary evaluation, we recorded an input signal of
the biceps brachii in a human subject. Figure 4 shows the my-
oelectric signal during a contraction of the biceps brachii
muscles, software filtered in a range from 20 to 300 Hz.

time (s)

Fig. 4 Exemplary control input based on a myoelectric signal during a bi-
ceps brachii contraction. The EMG signal is filtered in a range from 20 to
300 Hz. Sampling rate: 8 kSPS; Gain: 6; Resolution 24-bit

B. Evoked myoelectric signal

Short Methods: Surface stimulation of quadriceps,

bipolar stimulation, large electrodes (8x13cm), electrodes
5-10 cm apart. EMG sensor electrodes centrally to the stim-
ulation electrodes.

Results: Figure 5 shows five superimposed responses at
different stimulation intensities. At time zero stimulation ar-
tifact. CMAP is 3 ms after stimulation.

4

N

CMAP + artifact (mV)
R o

4

0 10 20 30
time {ms)
Fig. 5 Compound muscle action potential (CMAP) at different biphasic

stimulation amplitudes (£10V, £15V, £20V, £25V and +30V), pulse width:
2x500us. Sampling rate: 8 kSPS, gain: 12; Adapted from [6]
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Healthy subjects received electrical stimulation of the an-
terior thigh muscle group. Single biphasic, charge balanced
stimulation impulses with a width of 2x500 ps were used to
evoke muscle twitch and related M-wave response. The
evoked myoelectric signal was measured at the rectus femo-
ris with EMG electrodes. Those electrodes were placed be-
tween the stimulation electrodes, transversally oriented in re-
spect to the stimulation electrodes and the fiber orientation of
the rectus femoris muscle to minimize stimulation artifacts
[6].

The presented EMG module is not only capable of meas-
uring M-waves at different stimulation amplitudes, but also
evoked potentials caused by small activation levels.

viL. DiscussioNn

The advantage of the system is a flexible design which
supports real-time recordings of up to 64 channels. The mod-
ules are compact enough to be carried e.g. on a belt as a light
weight and small experimental recording unit. We intend to
use the system wirelessly, so power consumption is essential.
The estimated supply current of the acquisition system is be-
low 1 A. Because we use the USB standard for all our de-
vices, it is possible to use commercially available power-
banks. By using only one core of the Raspberry Pi 3 the
power consumption halves [7].

Due to the high resolution of the ADS1299 it is possible
to abstain from high-pass filters. This again results in a ben-
eficial design for measuring evoked potentials.

Additionally, the signals measured with the EMG module
can be used as control inputs for a custom-built prosthesis
prototype, developed at the Center for Medical Physics and
Biomedical Engineering, Medical University of Vienna. By
calculating the envelope of the EMG signal, the muscle ac-
tivity intensity can be measured. One of the most widely used
methods is the root mean square (RMS) [8]. Using this enve-
lope signal, it is not only possible to calculate an on/off sig-
nal, but also to control the speed of the actuators based on the
intensity of the muscle contraction.

The presented front-end device, ADS1299, is a versatile
component for EMG acquisition. The small size of the chip,
the low supply voltage, and low power consumption make it
especially suitable for small, battery-powered, portable solu-
tions.
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An ECG Front-End Device based on ADS1298 Converter
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Abstract— In cardiac diseases, the real-time electro-
cardiogram (ECG) signal acquisition using portable
devices is very important for the patient’s survival. The
aim of this paper is to presents our research regarding
the design and the development of a bio-signal acquisi-
tion device based on the ADS1298 circuit which is minia-
turized and capable of extracting a high quality ECG
signal. At the beginning our study was made on an
ADS1298 ECG-FE model from Texas Instruments. Lat-
er we design a new front-end module of small size and
low power consumption. Due to its architecture the pro-
posed device is versatile and it can be used for other bio-
signals acquisition like electromyogram (EMG) or elec-
troencephalogram (EEG) signals.

Keywords— ECG, ADS1298, Serial Peripheral Interface
(SPI), bio-signal acquisition, delta-sigma converter

1. INTRODUCTION

The electrocardiogram (ECG) is one of the most ana-
lyzed bio-signals in the world. This signal is a favorite
among specialists because it can give information regarding
heart related pathologies.

It is important to know that such an investigation is non-
invasive, painless, without any undesirable effects, which
means that the patient should not have anxiety or be reticent
in any way to do this investigation.

There are no risks in using this investigation. The ECG is
a very reliable test. The electrodes detect just the impulses
from the heart. Through the body there is no electrical cur-
rent caused by the device, so there is no risk of an electrical
shock.

The ADS1298 is an analog-digital delta-sigma circuit, on
24 bits, with electromagnetic (EMI) protection, simultane-
ous sampling and that can function on multiple channels; it
contains programmable amplifiers, internal reference and an
oscillator [1] [2].

This circuit contains all the necessary characteristics nec-
essary for medical applications (ECG and EEG). The com-
munication with a microcontroller can be done with the help
of the serial peripheral interface (SPI), and with a computer
through the SPI/USB. It can be used in different reference
configurations and differential inputs, like passive ground
module or right leg drive (RLD) [1] [2].

© Springer International Publishing AG 2017

The ADS1298 can be operated from unipolar or bipolar
supplies. The capabilities used for decoupling can be as-
sembled on the surface, with low cost ceramic capacitors,
but in systems where the board is subjected to low or high
frequencies, it is recommended to use non-ferroelectric
capacitors.

Texas Instruments [3] has projected a testing module that
can simulate and acquire the ECG signal on an interface that
uses the ADS1298 circuit. The disadvantages of this module
are its dimension and dependency of an AC external power
supply.

The aim of this paper was to design and develop another
device based on the ADS1298 circuit. The proposed solu-
tion finally derived to a miniaturized module capable of
extracting a clean ECG signal from the patient. Due to the
battery power supply, the developed system respects the
conditions for a portable device.

11. TESTING ADS1298 ECG-FE DEVICE IN ECG SIGNAL
AQUISITION

We have used the module given by Texas Instruments [3]
in order to make some experimental tests to verify the utility
of this converter.

The ADS1298 circuit can be programmed with the help
of the user graphical interface. The ECG data captured are
later post-processed by using high-pass, low-pass and notch
filters of 50/60 Hz.

The software delivered ensures complete control over the
ADSI1298ECG-FE board. By means of the user interface,
the control registers can be programmed to evaluate the
functioning options of the device. This interface contains
the user menu, some control elements to obtain the signal
and different tabs like “About”, “ADS register”, “Analysis”
and “Save”.

In vivo tests were made on three subjects (Fig. 1, Fig. 2
and Fig. 3), a 29 year old female, a 60 year old male and a
65 year old male.

In vitro test were made with an ECG simulator, with ten
ECG waveforms. The ECG electrodes were fixed in the
standard leads I, II and IIl (Einthoven), aVL, aVF, aVR
(Goldberger) and chest leads V1-V6 (Wilson).

Some of the most common applications that this module
can be configured for are: unipolar and bipolar supply oper-
ations, direct and alternative current inputs, 12-channel
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ECG, Right-Leg Drive(RLD) reference circuit, external
voltage for Wilson configuration, etc. [4].
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Fig. 1 Eindhoven and Golberger Leads of a normal ECG (29 year old
woman)
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Fig. 3 Eindhoven and Goldberger Leads of a normal ECG (65 year old
male)
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There can be some disadvantages of using this module.
Some of these are the impossibility to process data in real
time, or to detect if the electrode is detached and there are
no algorithms for the QRS detection [3].

111. DESCRIPTION OF THE PROPOSED DEVICE

Because of the usefulness of the ADS1298EGG-FE plat-
form, we have decided to design a reduced dimension
ADS1298 based ECG signal sampling system.

This module was realized in order to test the integrated
circuit ADS1298 (Fig. 4) and to obtain similar results with
those from the ADS1298ECG-FE platform.

The communication between the ADS1298 circuit and
the microcontroller can be done with the help of the Serial
Peripheral Interface (SPI).

The ADS1298 converter ensures the input of the normal
electrode, measurements for power supplies, RLD input,
differential auxiliary inputs, lead-off signals or single-ended
auxiliary inputs.

The settings of each channel can be changed through the
CHnSET register and by writing the RLD MEAS bit in a
separate configuration [3].

Three integrated amplifiers generate the Wilson Central
Terminal (WCT) and Goldberger Central Terminal (GCT),
which are necessary for a 12 LEAD ECG.

Fig. 4 Bloc diagram of the ADS1298 converter [1]

Common mode interference generated by the power
source of an ECG system is reduced by the RLD circuit. [5]
The PACE circuit detection (Fig. 5) can be ensured in

two ways: software or hardware.
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The device has to be supplied by sequential impulses. All
digital and analog inputs have to be set at 0. After connect-
ing the power supply, the Clock signal has to be supplied
from the CLK pin.

The Analog-Digital Converters from the device offer da-
ta rate from 250SPS to 32 kSPS.

The proposed circuit of the ECG acquisition system us-
ing ADS1298 was designed in a CAD environment (Fig. 6,
Fig. 7).
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Fig. 7 3D visualization of the printed circuit that contains the ADS1298
circuit [2]

Figure 6 presents the electrical diagram of the acquisition
system. The left side of the figure shows the electrodes
interface connector and the low-pass signal filtering stage.
The ADS1298 uses a S0OMHz external oscillator (HC736)
represented in figure 6 as OSC1. The lower-right part of the
schematic shows the two voltage regulator circuits for the
3.3V analog side (U3) and 1.8V digital side (U2). The PCB
design includes both an analog ground and digital ground.
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The circuit was finally realized by using SMD compo-
nents and is represented in figure 8. The primary tests of the
device indicated that it works properly and the next devel-
oping step can be done.

Fig. 8 Practical implementation of the proposed ECH front-end device

The ADSI1298ECG-FE device was designed to graph-
ically display the ECG signal on 12 channels. The monitor
provided by Texas Instruments can display a virtual oscillo-
scope, histograms, Fast Fourier Transform (FFT) and a
monitor for the ECG display. After post-processing, the
ECG data can be printed [3]. Starting from this model, for
the proposed device, areal-time monitoring user-interface
can be implemented. For this purpose, a new microcontrol-
ler-based module can be attached to the main one. In the
design concept, we took into account the pin configuration
for this extension.

1v. CONCLUSIONS

This paper focuses on the development of an embedded
medical device based on the ADS1298 converter that com-
municates on serial buses, SPI/USB. A miniaturized device
(52.9 x 45.8 mm) was designed and realized.
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Future efforts will be made for a new module dedicated
to process and monitor the acquired signals. Software pro-
grams in LabWindows CVI or LabView could be imple-
mented. This module will have also the possibility to trans-
mit remotely the data.Technologies like wireless, Bluetooth
or GPRS could be used.
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Abstract An innovative biomimetic electrochemical sensor
was elaborated for the dopamine detection using a glassy carbon
electrode modified with gold nanoparticles. The molecularly im-
printed polymers and nonimprinted polymers were electro-
chemically generated on the electrode surface after the obtain-
ing of the self-assembled monolayer of the functional monomer
- p-aminothiophenol through sulfur-gold bonds with dopamine
as template molecule (in the case of molecularly imprinted pol-
ymer). Cyclic voltammetry and electrochemical impedance
spectroscopy were used for the characterization of the sensor
considering its response in the presence of hexacy- anoferrate as
redox probe, while the morphostructural characterization of
the elaborated platform was realized by using atomic force mi-
croscopy. Differential pulse voltammetry ex- periments in saline
phosphate buffer (0.02M; pH 7.4) were performed after the pre-
concentration of dopamine in order to test the biomimetic sen-
sor performance.

Keywords dopamine, electrochemical sensors, molecularly
imprinted polymers, gold nanoparticles

1. INTRODUCTION

Dopamine (DA) is a neurotransmitter that belongs to the
catecholamine family with crucial role in humans. It is also a
precursor for other neurotransmitters - adrenaline and nor-
adrenaline. Highly abundant in the central nervous system,
DA plays an important role in brain circuitry, neuronal plas-
ticity, memory and learning. DA deficiency in the central
nervous system can be the cause of serious diseases such as
Parkinson, Alzheimer, schizophrenia, epilepsy and ADHD
[1].

Due to the physiopathological implications of DA, in-
creasing attention has been recently focused on the determi-
nation of DA levels in biological fluids for biochemical and
clinical diagnosis. The most commonly used methods are
chemiluminescence [2], Rayleigh resonance scattering [3],
capillary electrophoresis [4] and fluorimetry [5]. Due to its
electroactivity, DA can be readily detected by electrochemi-
cal techniques. Several electrochemical sensors for the detec-
tion of DA have been recently reported, employing pencil-
on-paper-based electrodes [6], calyx[4]arenes [7], poly-
mer/gold nanoparticles (AuNPs) hybrid materials [8] and
MIPs modified with graphene and carbon nanotube foam [9].

© Springer International Publishing AG 2017

Molecular imprinting of polymers is a strikethrough tech-
nique used to incorporate specific recognition sites into the
polymer and therefore to design different biomimetic recep-
tors. The advantages of molecularly imprinted polymers
(MIPs) made them an interesting tool for the development of
chemical sensors and biosensors. Molecular recognition
characteristics of these polymers are attributed to comple-
mentary size, shape, and binding sites imparted to the poly-
mers by the template molecules. The fabrication technique is
simple and cheap, consisting of polymerization of functional
monomers and cross-linkers in the presence of the analyte of
interest which serves as template molecule, followed by the
removal of the template from the polymer matrix. The re-
sulted cavities possess the ability to recognize and bind the
target analyte with high selectivity.

The integration of nanomaterials with unique chemical
and physical properties in MIPs can further improve their
performance. Metal oxide nanoparticles such as AuNPs,
quantum dots or graphene provide better accessibility of the
analyte to the recognition sites, enhance sensitivity and im-
prove the limits of detection [10].

The first step in the fabrication of the novel MIP/AuNPs
sensor for the detection of DA consisted in the electrochem-
ical deposition of AuNPs on glassy carbon electrodes
(GCEs), followed by the functionalization of the gold surface
with the monomer, p-aminothiophenol. A polymeric film
was then electrochemically generated both in the presence
(MIP) and absence (non-imprinted polymer, NIP) of the DA.
All the modifications of the electrode surface were electro-
chemically characterized through cyclic voltammetry (CV),
differential pulse voltammetry (DPV) and electrochemical
impedance spectroscopy (EIS). The morphostructural de-
scription of the platform was achieved with atomic force mi-
croscopy (AFM).

The results serve as a starting point for the design of point-
of-care devices for DA detection, which could significantly
improve the quality of life for patients, suffering from neuro-
degenerative disorders caused by DA deficiency.
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1. EXPERIMENTAL PART

A. Reagents, apparatus and methods

All reagents and chemicals were of analytical grade and
were used as received without further purification. Na,HPOs,
NaH,PO4 and p-aminothiophenol were purchased from
Merck, while H2SO4, Ka[Fe(CN)s]), K3[Fe(CN)g], NaCl, do-
pamine hydrochloride and HAuCls were purchased from
Sigma-Aldrich. All the solutions were prepared using Milli-
Q grade water. The supporting electrolyte was 0.02 M phos-
phate buffer saline (PBS) prepared with Na,HPO4, NaH,PO4
and NaCl at pH 7.4. The electrochemical studies were per-
formed with a conventional three-electrode system using
Ag/AgCI(KCl 3M) reference electrode, a Pt/Ir counter elec-
trode and a glassy carbon electrode from BASi (3 mm diam-
eter). An Autolab PGSTAT 302N equipped with an electro-
chemical impedance spectroscopy module and controlled by
Nova 1.10.4 software was used for electrochemical measure-
ments. CV and EIS measurements were carried out in the
presence of 10 mM [Fe(CN)g]*** in PBS (0.02 M, pH 7.4) as
redox probe, while DPV tests were performed in PBS (0.02
M, pH 7.4) at room temperature. CV was employed for the
electrochemical generation of AuNPs and for electrochemi-
cal polymerization. The EIS measurements were made by the
open circuit potential mode, in a frequency range from 100
kHz to 0.100 Hz, in order to characterize the properties of the
electrode surface by comparing the values of charge transfer
resistance (R¢¢) during all modification stages.

Open-circuit accumulation experiments were performed
using DA solution followed by voltammetric detection after
changing the medium to an analyte-free electrolyte solution
(PBS 0.02 M; pH 7.4) by DPV, at a scan rate of 10 mV s!, a
modulation amplitude of 50 mV and a modulation time of
0.04 s. The AFM experiments were performed by using a
Multimode 8 platform from Bruker (USA), with ScanAsyst
and controlled by Nanoscope 9 software in Peak Force Tap-
ping mode, in air. Experiments were conducted by using a
ScanAsyst-Air probe (Bruker) with a tip radius of < 12 nm in
a silicon nitride cantilever of triangular geometry with a nom-
inal resonance frequency of about 70 kHz and a nominal
spring constant of 0.4 N/m.

B. Elaboration of molecularly imprinted sensor

For the elaboration of MIP sensor, the electrode surface
was firstly cleaned by polishing with alumina of different
particle size, washed with ethanol and distilled water and
then cycled ten times between -0.5 and + 1.5 V in 0.5 M
H>SO4 with a scan rate of 100 mV s™!. After this, the electrode
was rinsed with water and was modified with AuNPs electro-
chemically deposed from a 0.6 mM HAuCl, solution in 0.5
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M H,SOs4 cycling the potential between -0.2 and 1.2 V vs.
Ag/AgCI(KCI 3M) for ten cycles (Figure 1A) [11].
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Fig. 1 CVs of the: (A) electrochemical deposition of AuNPs on GCE sur-
face; (B) p-aminothiophenol based film electrochemical generation in the
presence of DA

The electrode was soaked overnight in a 50 mM p-amino-
thiophenol solution in ethanol and left overnight at 4°C for
the formation of S-Au bonds between the Au from the elec-
trode surface and the -SH groups of the monomer. The elec-
trochemical polymerization of p-aminothiophenol was then
performed in the presence of DA (0.1 mg mL!) by cycling
the potential between -0.5 and + 0.9 V vs. Ag/AgCI(KCI 3M)
for ten cycles. CVs of the p-aminothiophenol polymerization
in the presence of DA on AuNPs are presented in Figure 1B.
DA molecules were removed by washing with PBS for 30
minutes under stirring (800 rpm). Similarly, a non-imprinted
sensor was elaborated and tested, in the absence of template
molecule.

1. RESULTS AND DISSCUSIONS
The electrochemical biomimetic sensor for DA detection

was elaborated in several steps that are schematically de-
picted in Figure 2. After the rigorous cleaning of the electrode
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surface the first step consisted in the generation of AuNPs in
order to ensure binding centers for polymer through S-Au
bonding. The monomer molecules are then self-assembled
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and electrochemically polymerized in the presence of dopa-
mine in hydro-alcoholic medium (ethanol:PBS, 1:1).
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Fig. 2 Development steps of the electrochemical sensor

An irreversible oxidation peak can be observed in the first
cycle at about 0.7 V and its intensity decreases during the
next scans and completely disappears after four scans (Figure
1B), proving the formation of polymeric film. The intensity
of the peak current continuously decreased with the number
of cycles until it reached a steady state. The polymerization
tests performed in the absence of DA did not revealed any
difference regarding the presence or absence of peaks indi-
cating that the co-polymerization of template molecules does
not take place in the potential domain used for polymeriza-
tion. Figure 3 presents the AFM topographic images obtained
for GCEs modified with AuNPs before and after polymeriza-
tion. The features on GCE surface indicate the presence of
AuNPs with an average size of 50 nm (line profile not shown
here). After polymerization, striking changes in surface mor-
phology and features size are readily apparent. AFM height
images clearly indicate that electrode surface is uniformly
covered by polymer. Nanomechanical properties, including
elastic modulus of the polymeric film and adhesion data,
have been evaluated (data not shown here) and indicate a
softer and more adhesive region between features (dark areas
in topography image). The electrochemical characterization
of the novel biomimetic sensor was carried out by using EIS
and voltammetric techniques such as CV and DPV. EIS
measurements were recorded in the presence of 5 mM
[Fe(CN)¢]*"* in 0.1 M KCI solution. The electron transfer
properties of the modified electrode were evaluated based on
the Nyquist representation of EIS. This representation in-
cludes a semicircle and a straight line corresponding to the
electron transfer and the diffusion limited processes, respec-
tively (Figure 4).
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The variations in charge transfer resistance after each
modification step is presented in Table 1 for both MIP and
NIP sensors and compared with the values obtained for bare
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GCE and AuNPs modified GCE. It can be seen that the R is
decreasing from 472.67 Q to 11.79 Q after the electrochemi-
cal generation of AuNPs onto GCE surface. The R values
increase after the polymerization process at 870.68 Q in the
case of NIP and at 1067.18 Q for MIP film, due to the coating
of the electrode surface with an isolating film. After the re-
moval of the DA template from the MIP film the R in-
creased at 1249.06 Q, probably due to the cavities formed in
the polymeric film, while in the case of NIP a significant var-
iation of this parameter was not observed (Table 1). The elec-
trodes were also tested through DPV in PBS solution (0.02
M; pH 7.4). In the case of MIPs, after polymerization, the DA
specific signal is detected through DPV tests at about +0.2 V,
signal which disappears after extraction and reappears after
immersion of the MIP in 0.1 mM DA solution for 30 minutes.

Table 1 The variation of R, for different electrode configurations

Electrode configuration Ru (Q)
GCE 472.67
AuNPs/GCE 11.79
MIP/AuNPs/GCE after polymerization 1067.18
MIP/AuNPs/GCE after extraction 1249.06
NIP/AuNPs/GCE after polymerization 870.68
NIP/AuNPs/GCE after extraction 880.51
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-0.20 T T T T
0.0 0.1 0.2 0.3 04 0.5

E V vs. Ag/AgCI

Fig. 5 DPVs for: NIP after polymerization (black); NIP after DA capture
for 30 min in 0.1 mM solution (red); MIP after polymerization (green);
MIP after dopamine extraction in PBS for 30 min (blue); MIP after DA

capture for 30 min in 0.1 mM solution (brown)

The tests performed for NIP did not show a significant dif-
ference before and after the accumulation in DA solution
(Figure 5), demonstrating that the DA signal obtained for
MIP is the result of the template molecule inclusion into the
polymeric film and not of the adsorption on the surface of the
sensor.
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1v. CONCLUSIONS

A novel biomimetic sensor based on AuNPs decorated
MIP for the dopamine detection was elaborated. The protocol
implies one-step polymerization of p-aminothiophenol in the
presence of dopamine in a hydro-alcoholic solution, preceded
by the electrochemical generation of gold nanoparticles onto
the glassy carbon electrode and the self-assembling of the
monomer monolayer through the S-Au bond. This strategy is
very simple and versatile and can be adapted for a wide range
of target molecules, from small ones to peptides, proteins and
even cells. The polymeric films were successfully obtained
both in the presence and absence of the template molecule,
higher sensitivity and selectivity being obtained for the poly-
mer imprinted with dopamine. Future prospects include the
evaluation of the analytical performance of the sensor (limit
of detection, reproducibility, the possibility of multiple use),
and the dopamine detection from serum samples.
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Aptamer-based Electrochemical Sensor for the Detection of Ampicillin
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Abstract— Antibiotics represent an important therapeutic
class, but their overuse and erroneous use for humans, animals
and agriculture have resulted in increased levels of exposure to
sub-therapeutic concentrations of antibiotics, with an in-
creased number of allergies and in the development and
spread of antibiotic resistance, a major health problem for the
modern world. For these reasons, World Health Organization
recommends an urgent improvement in the surveillance of the
use of antibiotics, hence the need for developing new analytical
sensors, capable to detect selectively low concentrations of
antibiotics from different matrices. This study focused on the
detection of ampicillin, a B-lactam antibiotic, widely used, both
for humans and as veterinary drug, due to its large spectrum
of action.

The purpose of this study was to develop an electrochemical
sensor based on the use of an ampicillin-selective aptamer for
the detection of ampicillin from environmental and pharma-
ceuticals samples. Two different strategies for the immobiliza-
tion of the ampicillin-selective aptamer have been employed:
by the grafting of a carboxyl containing diazonium salt by
cathodic reduction on a glassy carbon electrode, followed by
the chemical reaction with the aptamer containing an amino
group and by incubating the aptamer containing a thiol group
on a gold electrode, leading to a self-assembling layer of the
aptamer. The modified electrodes have been characterized by
electrochemical impedance spectroscopy.

The detection of ampicillin using the modified electrodes is
a label-free method, using the variation in the impedance sig-
nals to quantify the ampicillin concentration.

Keywords — ampicillin — aptamer — modified electrode —
electrochemical impedance spectroscopy

1. INTRODUCTION

Antibacterial drugs have revolutionized the treatment of
infectious diseases, but their use and misuse have resulted in
the development and spread of antibiotic resistance, a major
health problem for the modern world, each year in the Eu-
ropean Union alone, over 25 000 people dying from infec-
tions caused by antibiotic-resistant bacteria [1]. Another
problem associated with the misuse of antibiotics is the
spread of allergy reactions related to antibiotics intake,
impairing the use of certain antibiotics for certain patients
and threatening their health.

The WHO report from 2014 clearly states that resistance
to common bacteria has reached alarming levels in many
parts of the world. Thus, WHO strongly recommends an

© Springer International Publishing AG 2017

intensification of the prevention, including strengthening
hygiene, infection prevention and control measures, improv-
ing sanitation and access to clean water [2].

Our environment becomes polluted with antibiotics and
the runoff from farms and from our own sewers exposes
more and more of the world bacteria to low concentrations
of antibiotics, increasing the antibiotic resistance, which is a
societal problem, deriving from the way we use antibiotics,
involving different problems: antibiotic overuse, infection
control, surveillance for resistance, antibiotic use in animals
and crops, environmental contamination with antibiotics.
The statistics show a significant increase in resistant staph,
enterococci and Pseudomonas aeruginosa over the last 30
years in US hospital intensive care units [3].

The 2015 report of the European medicines agency
(EMA) about the consumption of antibiotics for veterinary
use showed that penicillins are one of the most employed
classes of antibiotics [4].

The most used conventional methods for the detection of
antibiotics are instrumental ones [5], such as capillary elec-
trophoresis [6,7], gas chromatography [8,9] and liquid
chromatography [10,11] coupled with mass spectrometry
[12]. However, these methods are expensive and present
limitations, like the need for expensive laboratory instru-
ments, which require skilled technicians, time consuming
separation/clean-up methodologies, long analysis time,
extensive sample handling with multiple washing steps, use
of expensive and pollutant solvents and the impossibility to
perform field analyses, making necessary the development
of new sensors to overcome these limitations [13]. Electro-
chemistry based methods appear as an interesting and low-
cost alternative for antibiotics detection. Electrochemical
sensors are fast and could be easily miniaturized to achieve
portable sensors.

Aptamers consist of single stranded-DNA and RNA short
chains and they are capable to bind specifically different
types of molecules. These properties make them a suitable
option for assuring a good selectivity and sensitivity to
electrochemical analyses of antibiotics.

Among the sensors developed for the detection of antibi-
otics the most used are the electrochemical sensors, together
with the optical ones. Thus, electrochemical [14] and color-
imetric [15] sensors based on the use of aptamers were used
for the highly selective detection of antibiotics.
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The purpose of this study was to develop an electrochem-
ical aptasensor for the detection of ampicillin (Figure 1), a
B-lactam antibiotic, widely used both for humans and as
veterinary drug, due to its large spectrum of action. For this
purpose, two different strategies for the immobilization of
the ampicillin-selective aptamer have been employed: by
the grafting of a carboxyl containing diazonium salt by
cathodic reduction on a glassy carbon electrode, followed
by the chemical reaction with the aptamer containing an
amino group (ss-DNA 5'-
CACGGCATGGTGGGCGTCGTGTTTTTTTTTTTITTTT-
3'-(CH2)s-NHb») and by incubating the aptamer containing a
thiol group (ss-DNA 5'- CACGGCATGGTGGGCGTCGTG
TTTTTTTTTTTTTTT-3'-(CH,)s-SH) on a gold electrode,
leading to a self-assembling layer of the aptamer. The modi-
fied electrodes have been characterized by electrochemical
impedance spectroscopy. The detection of ampicillin using
the modified electrodes is a label-free method, using the
variation in the impedance signals to quantify the ampicillin
concentration.

Fig. 1 Chemical structure of ampicillin

1. MATERIALS AND METHOD

All chemicals were of analytical grade and were used as
received without further purification. HCl, Na,HPO4 and
NaH,POs were purchased from Merck; H,SOs,
K4[Fe(CN)s]), Ks[Fe(CN)s], NaCl, HAuCls and ampicillin
were purchased from Sigma-Aldrich; N-
hydroxysuccinimide (NHS) was purchased from Alfa Aesar
and 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide
(EDC) was purchased from Calbiochem.

All solutions were prepared with ultrapure water (18.2
MQ, Millipore Simplicity). The supporting electrolyte was
0.02 M phosphate buffer saline (PBS) prepared with
Na,HPO4, NaH,PO4 and NaCl at pH 7.4. The aptamer was
diluted in a Tris buffer containing 10 mM
tris(hydroxymethyl)aminomethane and 1mM EDTA, with
pH=8.

The electrochemical experiments were performed using
an AUTOLAB PGSTAT 302N (Ecochemie, The Nether-
lands) equipped with the associated NOVA 1.10 software.
The glassy carbon electrode (GCE), used as working elec-
trodes in the conventional three-electrode cell, along with
Ag/AgCl (KCI1 3 M) as reference electrode and a Pt wire as
counter electrode, were purchased from BAS Inc. (West
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Lafayette, USA). Before each analysis, the GCE was pol-
ished using an alumina suspension and polishing cloth. The
screen-printed electrodes (C-SPE) with a carbon-based
working and counter electrodes and a silver pseudo-
reference were purchased from Dropsens (Spain).

The cyclic voltammetry (CV) experiments were per-
formed in the conventional three-electrode cell of 5 mL, in
static mode, at scan rate of 0.1 V s,

The electrochemical impedance spectroscopy (EIS)
measurements were carried out in the presence of 10 mM
[Fe(CN)g]*”* in PBS (0.02 M, pH 7.4) as redox probe. The
impedance was measured in a frequency range of 100000 to
0.0100 Hz using the open circuit potential. The EIS meas-
urements were used both for the characterization of the
electrode after different steps of modification and for the
determination of the ampicillin concentration, the ampicillin
trapped by the aptamer leading to a change in the EIS sig-
nal.

Prior to its immobilization, the aptamer was brought in
its active form, the unfolded one, by heating the aptamer
solution at 93° C for 3 min.

The modification with the aptamer of the GCE involved
several steps: a stirred solution of 0.5M HCI containing 4-
aminophenyl acetic acid and NaNO, was used for the graft-
ing of the linker molecules by applying a potential of -0.2 V
vs. Ag/AgCI(KCIl 3M) for 30 s under nitrogen atmosphere;
the carboxylated linker was activated by incubation for 15
min with a solution containing 100 uM NHS and 400 pM
EDC; then, the electrode was incubated for 30 min with 5
UM solution of the aptamer containing an amino group,
resulting an immobilization of the aptamer through an am-
ide bond. In order to prevent the non-specific preconcentra-
tion, by adsorption of the ampicillin molecules at the sur-
face of the electrode, the electrode was incubated for 30 min
with 1 mM ethanolamine. Between each step the electrode
was rinsed with 1 mL with a Tris buffer solution.

The modification with the aptamer of the C-SPE was per-
formed in two steps: first, gold nanoparticles (AuNPs) were
electrochemically deposited at the surface of the working
electrode by applying 60 pL solution of 0.6 mM HAuCly
prepared in 0.5 M H,SO4 and performing ten cycles of CV,
sweeping the potential between -0.2 and 1.2 V wvs.
Ag/AgCI(KCI1 3M) [16] (Figure 2); then, the electrode was
incubated with 20 uM solution of the aptamer containing a
thiol group, obtaining a self-assembling layer of the ap-
tamer.

The determination of the ampicillin concentration in-
volved two steps: the preconcentration of ampicillin at the
surface of the modified electrodes by applying a drop of the
solution containing 1 pM ampicillin and incubating for a
certain time in a stable atmosphere, followed by an EIS
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analysis of the electrode with the ampicillin trapped at its

surface.
>

l COOH + (NHS &
_
+HAuCl, Y
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Fig. 2 The two strategies for the modification of electrodes
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1. RESULTS AND DISCUSSIONS

A. Modification of the GCE

The electrochemical reduction of the arildiazonium salt
formed in situ leads to a covalent attachment of the linker
molecules and to the formation of multi-layers that impair
the electronic transfer. To diminish the number of layers at
the surface of the electrode the electrochemical reduction
was limited to 30 s. The cycling voltammetry analyses,
using [Fe(CN)q]*"* as redox probe, show the passivation of
the electrode after the immobilization of the phenyl acetic
acid (Figure 3).

1/mA

04 02 00 02 04 06 08
E/Vvs Ag/AgCI

Fig. 3. CVs of 10 mM [Fe(CN)6]3-/4- in PBS on bare GCE (black)
and modified with phenyl acetic acid (red). Scan rate 0.1 V s-1.

The EIS measurements were used to characterise the
modification of the electrode and as ampicillin detection
method. The Nyquist spectrum registered at the electrode
modified with the diazonium salt shows a large charge
transfer resistance (Rc) (Figure 4), due to the linker layer at
the surface of the electrode.

The electrochemical reduction of the arildiazonium salt
formed in situ leads to a covalent attachment of the linker
molecules and to the formation of multi-layers that impair
the electronic transfer.

After activation of the carboxylated linker with NHS and
EDC, the immobilization of the aptamer at the surface of
the electrode seems to facilitate the electron transfer, with a
decrease of the R.. After incubation with an ampicillin
solution, the capture of the ampicillin molecules by the
aptamer makes it to adopt a conformation that facilitates
even more the electron transfer. The variation of the R¢ by
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comparison to the aptamer-modified electrode depends on
the concentration of ampicillin, allowing its quantitative
determination.
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Fig. 4. Nyquist spectra of 10 mM [Fe(CN)q]>"* in PBS registered at bare
GCE (black), modified with phenyl acetic acid (red), modified with the
aptamer (green), modified with the aptamer and incubated with ampicillin
(blue)

B. Modification of the C-SPE

The modification of the C-SPE was performed using a
HAuCly solution. The deposition of gold nanoparticles at
the surface of the electrode was done by performing 10
cycles of CV between -0.2 V and 1.2 V, allowing the for-
mation of a homogenous layer of gold, hence the stabilisa-
tion of the electrochemical signal after the 7% cycle (Figure
5).

The electrochemical reduction of HAuCls leads to the
formation of Au nanoparticles at the surface of the elec-
trode, which enable the electron transfer, leading to a pro-
nounced decrease of charge transfer resistance (Figure 6).
The presence of the Au layer at the electrode surface allows
a simple way of immobilization of the ampicillin-selective
aptamer that contains a thiol group: an incubation with a
solution of the aptamer leads to a strong attachment of the
aptamer at the surface, with the formation of a self-
assembled monolayer.

[
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Fig. 5. 10 cycles of CV on 60 pL solution of 0.6 mM HAuCl, in 0.5 M
H,SO, using a C-SPE, Scan rate 0.1 V s™'.

This incubation step was optimized, using EIS measure-
ments as an indicator of the amount of linked aptamer (Ta-
ble 1).
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Table 1. Aptamer incubation time optimization

Aptamer incubation time

(min) Ret (Q)
30 77.3
80 105.45

1200 132.15

The R increases with the incubation time, showing that
more aptamer was immobilized, but the small difference
between 30 min and 20 h, combined with the need for short
procedure, suggests that 30 min are enough for this step.

200 - . - F

150 E

T T T T T T
500 600 700 800 900 1000

Fig. 6. Nyquist spectra of 10 mM [Fe(CN)s]*** in PBS registered at C-SPE
(black), modified with Au-NPs (red), modified with the aptamer (green),
modified with the aptamer and incubated with ampicillin (blue)

After the incubation with the ampicillin solution, the R
increases, this increase being used for the quantification of
ampicillin. The EIS experiments after different incubation
times (Table 2) show that the interaction aptamer-ampicillin
occurs quickly, 30 min incubation being enough.

Table 2. Optimization of the incubation time with ampicillin

Ampicillin incubation time

(min) Ret (Q)
30 130
1440 215.5

For both types of the aptasensor, a change in the EIS sig-
nal occurs after ampicillin incubation, which could be used
for ampicillin detection. In the case of the sensor obtained
by linking the aptamer containing an amino group a greater
difference in the EIS signal was obtained after ampicillin
incubation compared to the difference in the EIS signal in
the case of the immobilization of the thiol-containing ap-
tamer. This suggests a better sensitivity for the first modifi-
cation method, but the second method presents the ad-
vantage of fewer steps in the modification process.

v. CONCLUSIONS

An electrochemical, label-free aptasensor for the detec-
tion of ampicillin was developed.
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Two different strategies for the immobilization of the
ampicillin-selective aptamer have been employed and char-
acterized by EIS: by linking the aptamer containing an ami-
no group through an amide bond and by incubating the
aptamer containing a thiol group on a gold electrode, lead-
ing to a self-assembling layer of the aptamer. The developed
aptasensors presented good affinity for ampicillin.
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Determination of the Electrical Parameters of Some ECG Electrodes
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Abstract— In this paper we verify if ECG electrodes are ad-
equate for the bioimpedance measurement. A square wave
signal (U=1V, f=5, 500, 5000 Hz) is applied to a calibrated
resistance R=10 kQ, in series with two identical ECG elec-
trodes glued together by their adhesive part. Using an ap-
propiate model, we find from the data a series resistance with
one or more groups of a parallel resistance R; with a capacitor
Ci (i=1, 2, 3).

Keywords— electrode, square wave, model, bioimpedance,
ECG.

1. INTRODUCTION

Surface biomedical electrodes are used in various forms
in a wide range of biomedical applications: detection of
bioelectric events such as the electrocardiogram (ECG),
application of therapeutic impulses to the body transcutane-
ous electrical nerve stimulation (TENS), application of
electrical potentials for transdermal delivery of ionized
molecules and systemic therapeutic effect (iontophoresis),
and electrical bioimpedance characterization of body tissues
[1].

In applications such as human body's electrical imped-
ance monitoring we inject small currents or voltages into
the body and record the resultant voltages or currents. The
electrical properties of the body segment can then be calcu-
lated. In many of these applications, the magnitude and
mismatch of contact impedances can give rise to significant
errors or artifacts [2]. As relatively high frequencies are
often involved in these techniques, even the series re-
sistance of the gel pad (which is generally ignored) may
become significant [2]. Because we are interested in the
measurement of the skin impedance, we verify in this paper
if the commercially available ECG electrodes are adequate
for this purpose.

1. EXPERIMENTAL METHOD

The electrical measurements for impedance spectroscopy
are commonly performed using sinusoidal currents over a
large frequency range (e.g. 1Hz to 1MHz) [1]. The experi-
mental data are fitted using electrical models or empirical
formulas. The electrical models are combinations of electri-

© Springer International Publishing AG 2017

cal resistances and capacitances. Behind these electrical
components are physical mechanisms that generate the
interesting electrical behavior of the sample versus frequen-
cy.

An alternative approach for doing impedance spectrosco-
py uses square-wave electrical pulses to measure the electri-
cal properties of the material [3]. This time-domain analysis
has the advantage of being able to measure in a single shot
the frequency characteristics of the sample impedance. This
method is well suited for observing impedances which
change rapidly in time, and it allows for a more direct and
explicit link between the measured quantities (voltages and
currents) and the attributed electrical quantities (electrical
components, resistances and capacitances).

PC

Picoscope 2206 A

Pulse
Generator
—

R=10 kQ

B ES

e

J?Ground Rp1— = Rp2
Rs1 Rg Rs2
»

Electrodes

Fig. 1 The experimental arrangement for measuring the two identical ECG
electrodes E, » glued together (equivalent circuit: series resistances, R s,
parallel resistances, R, 2, gel resistance R, and capacities, C, ), in series
with a calibrated resistance R=10 kQ.

Figure 1 presents the experimental arrangement used to
measure two identical ECG electrodes glued together by
their adhesive part. A digital oscilloscope (Picoscope 2206
A) generates the square wave signal (U=1V, f=5, 500, 5000
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Hz) and measures the voltage on the electrodes and on a
calibrated resistance Rc=10 kQ, in series with them for
determining the electrical current through circuit. The digi-
tal oscilloscope is controlled through a USB link with a
computer that displays the waveforms.

Before each measurement, the electrodes were short-
circuited to avoid parasite charges on electrodes capacitanc-
es. The ECG electrodes tested were: Clinical S55, 3M 2228,
and Medi-Trace 210.

1. MODEL AND DATA ANALYSIS

Due to the fact that the calibrated resistance Re=10 kQ is
much greater than the electrodes impedance, the electrical
current through circuit is practically constant. The equiva-
lent circuit model for electrodes [2] has a resistance R in
series with one or more groups of a parallel resistance R;
with a capacitor C; (i=1, 2, 3). When the square wave signal
change polarity, the current through circuit changes practi-
cally instantaneous with AI=21 and so arises a voltage jump
(vertical variation of voltage): AU=Uy,—Ugown=Al R, where
Uyp is the upper limit of the voltage jump and Ugown is the
lower limit (see Fig.2). This voltage jump is sustained only
by the series resistance because the other voltages belong to
the capacities in the circuit and cannot change so fast. Thus,
the series resistance Ry may be easily computed as:

R, = AU/(2]) ()

| = |Jav

oo 200 2 Py 400 s o 2000 a0 wna a0

Fig. 2 The oscilloscope's signal (20ms/div.) from Clinical electrodes glued
together (red line with voltage jump marked, 10mV/div.) and from
calibrated resistance (blue line, 0.4V/div.) at 5 Hz excitation signal.

The solutions for the system of Kirchhoff equations for
this circuit are those from [4]. The important difference
from [4] is that the applied signal is a biphasic square wave
and the "initial" condition is now a condition for periodicity
(i.e. the voltages across capacities are identical in absolute
value at the beginning and at the end of a semiperiod, but
with a different sign):

I(t=0) = ~I(=T/2) 2)
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where I; is the current through parallel resistance R;, and T
is the period of the applied signal. As a consequence, the
voltage across electrodes is modeled by:

U(t) = IRAFIYR; + YiAi-exp(-t/) )

where:
Ai = —2IR; [[1+exp(~T/213)] )
ti=R;-Ci ®)

The amplitudes, A;, and time constants, t;, are found by
fitting the measured voltage across the electrodes with the
function: y0 + > Aje”(-x/t;) with 1, 2 or 3 time constants.
Taking into account that the current through circuit is
known: I= Ugpp/Re = 1V/10kQ = 0.1mA, the electrical com-
ponents of the model can be computed from the above equa-
tions as:

Ri=—-Ai[1+exp(-T/(2'1))] / 21) (©)
Ci=/R: )
Ry =y0/T =Y R;. ®)

v. REsuLTs

The series resistance from the equivalent circuit for 2
electrodes glued together by their adhesive part was calcu-
lated with relation (1) for the three types of electrodes at the
proposed frequencies. The found values were very stable,
with differences between series resistance values at different
frequencies < 1 Q, usually, with the exception of only one
case in which a difference of 7.8 Q have been seen, see
Table 1, for average value between 34 and 76 Q.

Table 1 The series resistances for two identical ECG electrodes glued
together by their adhesive part at 3 test frequencies.

Electrode Test condition Series resistance Ry(Q)

Clinical S55 5 Hz (T=200 ms) 58.2
500 Hz (T=2 ms) 59.8
5000 Hz (T=0.2 ms) 59.7
average value 59.2

3M 2228 5 Hz (T=200 ms) 77
500 Hz (T=2 ms) 76.5
5000 Hz (T=0.2 ms) 75.4
average value 76.3

Medi-Trace 210 5 Hz (T=200 ms) 31.5
500 Hz (T=2 ms) 31.5
5000 Hz (T=0.2 ms) 39.3
average value 34.1
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Between two consecutive jumps of the voltage across the
electrodes, the data were fitted by a generic function: y0 +
> Aie”(-x/ti)) with 1, 2 or 3 time constants, using Origin Pro
software and monitoring the coefficient of determination R2.
For 3 time constants the fitting procedure has instabilities
for some data, a phenomenon known in the literature [5].

In spite of a large coefficient of determination (usually
R>>0.99), especially for 5 Hz measurements, plotting the fit
in a logarithmic time scale reveals large and systematic
deviations between experimental data and calculated values
at small values of time (<5ms) for a 1 time constant proce-
dure, but not for 2 time constants procedure, see Fig. 3.

1 time constant
[ PR | M

Voltage (mV)

T T T T T T T T T T
1 10 100

Time (ms)

2 time constants

30—l Ll . M|

20 4

Voltage (mV)

-20 4

T T T T T T

1 10 100

Time (ms)

T T T T T T T T

Fig. 3 The results for data analysis with Origin software for 1 time constant
(up) and 2 time constants (bottom) for Clinical electrodes at 5 Hz
(black-experimental data, red-calculated).

Hence, we concluded that a model with 2 time constants
can be enough for describing the electrical behavior of the
electrodes. The amplitudes and time constants obtained by
fitting procedure using Origin software for data from 5 Hz
measurements are displayed in Table 2.
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Table 2 The amplitudes, A, and the time constants, T, for two identical
ECG electrodes glued together by their adhesive part obtained from fitting
procedure for 3 types of electrodes measured with 5 Hz square wave.

Electrode Clinical S55 3M 2228 Medi-Trace 210
R? 1 time constant  0.995 0.992 0.986
yO(mV) 30.3 35.8 16.9
—A(mV) 39.1 42.9 23.6
T (ms) 50.6 37.2 60.6
R?2 time constants 0.999 0.998 0.989
y0(mV) 36.3 413 32.0
—A;(mV) 41.0 40.7 344
T, (ms) 74.5 58.3 168
—Ay,(mV) 7.90 13.1 5.47
To(ms) 5.53 6.36 11.8

The lumped electrical components of the model were
computed with equations (6) and (7), and displayed in Table
3, for 5 Hz measurements. The total resistance Rio= RstR,
was calculated as Ri(Q)=y0(mV)/I[(mA).

Table 3 The parallel resistances and capacitances of two identical ECG
electrodes glued together by their adhesive part for 3 types of electrodes
measured with 5 Hz square wave.

Electrode Clinical S55 3M 2228 Medi-Trace 210
R2 1 time constant  0.995 0.992 0.986
Ri(€2)) 303 358 169
Ry(©) 223 229 141
Cp(1F) 227 162 431
R22 time constants 0.999 0.998 0.989
Ria(€2) 363 413 320
Ri(©) 259 240 267
Ci(uF) 288 243 629
Ry(Q) 39.5 65.5 27.4
Cy(uF) 140 97.1 432

IFMBE Proceedings Vol. 59

It is important to say that the characteristic values (re-
sistances and capacitances) for a single electrode can be
obtained from the tabulated data dividing by 2 the tabulated
resistances and multiplying by 2 the tabulated capacities,
because of the series arrangement of the electrodes, see Fig.
1.

v. CONCLUSIONS

The choice of electrodes for electrical measurements in-
fluences to a great extent the signals that are measured and
because of that it is important to find the best-suited elec-
trode for the intended use [6]. We have tested ECG elec-
trodes because the silver-silver chloride electrodes tend to
have very low interface impedances [7] and have been
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shown to be particularly stable and resistant to noise [2],
useful properties for bioimpedance measurements.

The electrical behavior of the electrodes is usually de-
scribed by a model with a series resistance and a resistance
in parallel with a capacitance or a constant phase element
[2, 6-9]. We have chosen a capacitance, instead of a con-
stant phase element because it describes well enough our
experimental data.

Our results have shown that a square wave test signal can
be used to quickly determine the electrical behavior of the
electrodes. This method provides fast and stable results for
the series resistance, R, over a large spectrum of frequen-
cies. Worth mentioning that the main factor affecting the
bioimpedance measurements is the series resistance.

We showed here that the ECG electrodes, usually used to
detect bioelectric events (electrocardiogram) can be used to
measure the impedance of body tissues.
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How to Describe the Skin's Electrical Nonlinear Response
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Abstract—The skin's electrical nonlinearities found experi-
mentally are related to stratum corneum and modeled by the
parallel resistance (Rp) as a linear current dependence in con-
ductance (1/Rp). We show that such dependence could occur
because the skin's current-voltage characteristic has a non-
ohmic linear portion at large voltage, due to pores' conduction,
that can be detected as a constant dynamic resistance (dU/dl).

Keywords—skin, nonlinearity, dynamic resistance, current-
voltage, model

1. INTRODUCTION

The electrical stimulation of the human body is a medical
tool for investigation, diagnosis and treatment [1], especial-
ly transcutaneous electrical stimulation — with electrodes
applied on the skin. The skin-electrode impedance has a
direct influence on the investigated parameters values or on
the treatment outcome.

The models of the skin-electrode interface are mainly de-
scriptive models based on electrical resistive-capacitive
circuits or on constant phase elements (Cole's empirical
formula) [1]. These models are used on experimental data
obtained with sinusoidal low amplitudes currents (or volt-
ages) of various frequencies (usually spread over several
decades). An alternative measurement uses square wave
stimuli, with the advantage that it is closer to the real stimuli
used on applications and it is a faster measurement [2-4].
This type of measurement is better adapted to study nonlin-
earities associated with larger signals (currents or voltages)
applied to the skin [5-6].

In spite of a large palette of applications that use voltages
greater than 1V and consequently are in the nonlinear re-
gime of the skin [2, 7], there are few studies on the nonline-
ar regime of the skin, with the exception of the very large
voltages where the electroporation phenomenon arises [8].

In this paper we focus on lumped parameter models for
the nonlinear electrical properties of the skin, with an ex-
planatory flavor, since a better understanding of the physi-
cal processes acting within the skin-electrode system is a
key factor for development of new devices. We begin with a
review of what we consider to be the main landmarks in the
field of skin's electrical nonlinearity, then discuss the pores
conduction as an explanation for nonlinearity below few

© Springer International Publishing AG 2017

tens of volts and the role of current-voltage characteristic in
detecting main mechanisms that shape it.

1. LANDMARKS FOR NONLINEAR SKIN RESPONSE

In 1963 Stephens [9] describes an in vivo experiment
with a 7 cm? active liquid electrode and a 20 cm? pad coun-
ter (reference) electrode, on the front and back of the fore-
arm, respectively, and a d.c. or square-wave stimulus (10-
600 Hz). The voltage across the skin was measured between
a probe electrode in the electrolyte and a 3 cm diameter pad
electrode placed near the liquid electrode on the skin. He
found 2 components in the nonlinearity of the skin re-
sistance: a slow fall in skin resistance dependent on electri-
cal charge passed and a fast resistance fall (without time-
lag) modeled as a fixed capacity shunted by a nonlinear
resistance.

In 1970 Lykken [2] made an in vivo square-wave analy-
sis of skin impedance using active electrodes (0.7 to 10 cm?
area) with or without a drilled reference electrode. He ap-
plied a square-wave voltage to electrodes in series with a
100 Q resistance. An oscilloscope monitored the voltage
drop on 100 Q resistance, hence the current through the
circuit. Watching the influence of electrode area on model's
parameters of the skin-electrode interface (Ry— series re-
sistance, R,— parallel resistace and C— capacitance) Lykken
showed that the series resistance of the model contains 2
area dependent resistances (one for each electrode) and an
area independent resistance (common resistance of the body
core from electrode-to-electrode, ~500 Q). Removal of the
stratum corneum eliminates the parallel resistive and ca-
pacitative elements, and slightly reduces the series re-
sistance (~30%), indicating that R, and C belong to the
stratum corneum, but the area dependent part of R has at
least 2 anatomically distinct components: one in stratum
corneum and other beneath it but yet close enough to the
surface so that its conductivity varies directly with electrode
area. The nonlinearity of the skin manifests into the parallel
resistance, R, that held reasonably constant for pulses of
0.2 to 2 V, but decreased sharply above 2 V for all subjects.

In 1981 Yamamoto and Yamamoto studied skin's electri-
cal nonlinearity [7] at low frequencies (0.01 Hz to several
kHz) with a 3-electrode technique. Experiments were per-
formed in vivo with a constant-current source and Ag-AgCl
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electrodes (1 cm? discs) with Beckman paste (NaCl 18%) or
PEG solution (polyethylene glycol 91.6%, NaCl 0.9%, H,O
7.5%,). They obtained lower impedance and more linearity
with Beckman paste than PEG solution. They concluded
that a linear range exists (where the current dependency
disappears) when the current is extremely small, but a point
boundary value can not be unconditionally determined.
Worth mentioning the asymmetry of their Lissajous figures
for positive-negative currents and the electrical breakdown
of the skin for very low frequencies (0.01 Hz) and negative
currents.

In 1989 Kaczmarek and Webster [10] describe an in vivo
experiment with a conductive rubber belt which encircles
the abdomen (moistened with tap water before the experi-
ment) as reference electrode and 5.5 mm gold-plated active
electrode, powered by current pulses (0.4 ms, 1-25 mA).
They found that the static resistance (R = steady-state elec-
trode voltage near the end of the current pulse / current i)
can be modeled by a series ohmic resistance (R,) and two
parallel resistances, an ohmic one (R,) and a nonlinear one
(Ryv= Rylo/1) depending on current i (R=Rq+(Rp||Rv)).

In 1990 Kasting and Bowman [11, 12] describe ex vivo
measurements for human allograft skin (0.7 cm? both sides
immersed in a saline buffer) with short bursts (~20s) of
direct current of alternating polarity (0 to £10 pA in 2pA
steps, 0 to £50 pA in 10pA steps, and 0 to £250 pA in S50pA
steps). Their U-j curves (j-current density) were "satisfacto-
rily described" by the relationship U = (4aRT/F) sinh™!(5j),
where a and b are adjustable parameters; a is equal to the
number of barriers within the membrane which each ion
must cross and b is the sum of the rate constants for travers-
ing the barrier (the authors consider the equation "as a phe-
nomenological means of characterizing the data" [11]).
They report that the measured voltage was quite stable after
5-10 s for the £10 pA current range, but for larger currents
rather than waiting to achieve stable potential readings (tens
of minutes per reading), they chose to record the potential
after 15-20 s. Their graphical tool of voltage versus loga-
rithm of the current density is a very cogent argument for
the correctness of their formula. For long time effects and
mathematical models describing iontophoretic transport
through skin barrier see Gratieri and Kalia review [13].

In 1997 Craane-van Hinsberg et al. experimented in vitro
on stratum corneum (SC) samples (0.79 cm? area for current
transport), exposed to current densities from 0.013 to 13
mA/cm?, applied as square-wave pulse (5Sms positive, Sms
current off, Sms negative, Sms current off and repeat) [14,
15]. The falling parts of the voltage waves were "satisfacto-
rily modeled" (R*>0.99) by a series connection of two R||C-
circuits. For 0.013 mA/cm? the values of R and C remain
constant for long times (up to 1h), but for larger current
densities the resistances decrease and the capacitances in-
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crease. For shorter times (10 ps between voltage samples)
the resistances decrease and the capacities increase with the
increase of the current density. They concluded that the
electrical field change the ordering of the intercellular lipid
lamellae. This aspect is sustained by the thermal behavior of
skin impedance [14]: a ~10°C lowering of the transition
point where a sudden drop in resistance arises with the ris-
ing current density, and by the structural changes of the
intercellular lipid lamellae detected with X-ray diffracto-
grams and electron microscopy on freeze-fracture replicas
[15]. They calculated an activation energy (from an Arrhe-
nius plot of the natural logarithm of the conductance versus
the inverse of the absolute temperature) that strongly de-
creases with current density rise. After chloroform-
methanol lipid extraction, stratum corneum was character-
ized by a single RC circuit. The resistance of extracted
stratum corneum was <1% of the original pre-extraction
value, which indicates that the resistance of stratum
corneum is mainly determined by the intercellular lipids.

In 1999 Dorgan and Reilly proposed a mathematical
model for the electrical impedance of human skin [16] dur-
ing surface functional neuromuscular stimulation. It consist
of the parallel arrangement of a constant linear capacitor
with a nonlinear time-dependent resistor, Ry, in series with a
constant linear resistor, i.e. the common model for skin, but
R, is modeled by a modified form of the Hodgkin-Huxley
equations to take into account the memory effect (slow
variation of skin impedance) and fast variation of skin im-
pedance. The model has 15 simulation parameters, a little
too much for the taste of an experimenter, but worth men-
tioning that the nonlinear conductance, 1/R,, contains a term
proportional with the injected current.

111. RECENT FINDINGS AND AN EXPLANATION

In 2014, Birlea et al. [S] used a typical neuromuscular
electrical stimulation signal (square wave constant voltage
pulses) to study changes in the electrical properties of the
skin-electrode interface during a week-long stimulation
program. The skin-electrode system was modeled with a
series and parallel resistances and a capacitance. From the
acquired data it was found a strong inverse relation between
the parallel resistance and minimum current: R;=R;+U1/Inin
(with a coefficient of determination R? = 0.94) and between
the series resistance and peak current: R=Ry+Us/Inax (With
a coefficient of determination R? = 0.95). Here R;, Uj, Ry,
U, are parameters found from the experimental data. These
statistical correlations arise from all the data of 14 different
subjects, on 7 consecutive days, in 30 minutes sessions, i.e.
the correlations are not limited to the data of a single subject
or session, but works globally.
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In 2015, Luna et al. [6] published a thorough paper fo-
cused on building a model of the skin-electrode interface for
transcutaneous electrical stimulation with current or voltage
controlled impulses. They found experimentally a linear
increase of the parallel conductance G, (1/R,) with current
amplitude (for voltage-controlled stimulation the current at
steady state was used as reference, i.e. Imin). Their model
contains the series and parallel resistances and a capaci-
tance. The parallel resistance, R,=R¢+R,, includes the non-
linear effects related to instantaneous variations described
by Re=1/(al(t)+b), due to electroporation, as a current-
dependent phenomenon, and the nonlinear effects related to
slow changes (as a charge-dependent phenomenon, presum-
ably electro-osmotic) described by Ro=R,i below the thresh-
old qum, and Ro=R,i-Aa'/(Aa+tq—qm) for charges above the
threshold. Here A is electrode area and a, b, a' are parame-
ters to be determined from the data. The coefficient of de-
termination, R?, was around 0.99 in a simulation using the
proposed dynamic model for both stimulation types.

Birlea and Birlea [17] provide a simple explanation for
the nonlinearity and the asymmetry of the current-voltage
characteristic of a pore in a membrane, using a Nernst-
Planck model and usual approximations from electro-
poration theory [18, 19]. They found a quasi-ohmic, slow
rising linear current at low voltages, a nonlinear region at
intermediate voltages, and a non-ohmic, fast rising linear
current at large voltages. The asymptotic behavior of the
current-voltage relation for a triangular profile of the poten-
tial energy inside the pore is:

J=u—w/r for u>>1 )
J=uw/(e” —1) for u<<1 2)

with u=qU/(kT) as dimensionless transmembrane potential
and j= JL/(cqD) as dimensionless current density, where U
is the voltage applied to a pore of length L, ¢, ionic concen-
tration; k, Boltzmann constant, 7, absolute temperature, ¢,
elementary charge, » = d/L with d the length of the pore
domain where the potential energy varies from 0 to maxi-
mum value W, w=W/(kT) dimensionless energy barrier
height, and J is the current density (I/S=current /pore section
area).

Taking into account Einstein's relation between diffusion
coefficient D and electrical mobility of the ions, p= gD/(kT)
and the electrical conductivity of the electrolyte ¢ = cqp, the
asymptotic relation between U and J for U>>kT/q is:

J =0 [U-Wlgr)JL = o [(UL)-Wl(qd)] (3)
J=c(U/L)ywl(e”~1) for U<<kTlg: @)

For small voltages the pore has an ohmic behavior, the
equivalent resistence of electrolyte filled pore multiplied by
a factor dependent on the energy barrier height w= W/(kT):

IFMBE Proceedings Vol. 59

117

R=[L/(aS)][(e"~1)/w] (6))

The maximum energy barrier height W, is related to the
pore radius p by a simple relation [19]: W= kT-5(nm)/p(nm).

Because the human body temperature is 37°C, the ther-
mal potential, £7/g, is 26.7 mV, hence the pore voltage drop
can easily attain the high voltage regime (U>>kT/q or U > 4
kT/q = 0.1V) and the asymptotic relation seems more useful
than the complete formula of the current-voltage for pore's
electrical behavior. The relation (3) for large voltages shows
that the current through a pore is determined by the differ-
ence between the external applied field (U/L) and an inter-
nal electrical field (W/(gd)) created by the energy gradient at
the pore entrance (W/d). Rewriting equation (3) as a formula
for voltage U:

U= [1/(So) + Wi(qd)]-L (6)

we can calculate the resistance of the pore of length L and
section aria S, as a simple ratio between voltage and current:

Uu L Lw
- ™
I oS Iqd

The pore resistance (7) has 2 components, the resistance
of the electrolyte inside the pore (ohmic) and a nonlinear
resistance inversely proportional with the injected current.
Connecting in series N pores lead to summing N voltages as
(6) thus total voltage has a current proportional part (ohmic)
and a current independent part, NLW/(gqd), that generates a
nonlinear resistance inversely proportional with the current.

We propose such a model as a first approximation of the
stratum corneum electrical behavior. In this context a thick
stratum corneum (palms) with many layers of corneocytes
(~N) has a larger voltage threshold (NLW/(qd)) between low
and high voltage regimes, than a thin one, with few layers
(eyelids, face, lips). Also computing the dynamic resistance,
dU/dl, instead of a static resistance, seems more appropriate
for the nonlinear U-I characteristic. In our case the dynamic
resistance of the pore is constant (resistance of electrolyte
filled pore) at larger voltages than threshold:

Rey = dU/AI = L/(GS) (8)

This fact is consistent with Pliquett et al. findings [20]
that no changes were observed in dynamic resistance Rqy for
voltages below 40 V across stratum corneum, only voltages
in the region 40-90 V cause dramatic and usually reversible
changes of the dynamic resistance due to electroporation.

v. CONCLUSIONS

The skin's electrical properties can be described by a
lumped parameter model with a series resistor (Rs) and a
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parallel combination of a resistor (R;) and a capacitor (C).
The nonlinearities experimentally found belong to stratum
corneum and are modeled by the parallel resistance (Rp) as a
linear dependence on current of the conductance (1/Ry).

To build a model for the nonlinear parallel resistance, Rp,
we propose to begin with the current-voltage response of
the skin, because current and voltage are the directly meas-
ured quantities. A constant dynamic resistance (dU/d/) at
voltages above 1V [2] indicates that nonlinearity is due to
ionic conduction through pores [17], and a further decrease
in dynamic resistance at voltages above 40V [20] indicates
the appearance of electroporation, see Fig.1. The numerical
values are for a single skin-electrode interface.

Lumped parameter models for the skin-electrode inter-
face are intuitive and easy to use. To elaborate such nonlin-
ear electrical model for the skin the starting point should be
the skin's current-voltage response.

pore conduction

electroporation

Fig. 1 A schematic current-voltage response of the skin (black line) and the
dynamic resistance behavior (dU/d], red line, with 2 plateaus below and
above a threshold voltage), emphasizing the regions for pore conduction

and electroporation.
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Case Study of Static and Dynamic Postural Balance
of an Overweight Pregnant Woman
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Abstract— Most studies related to the investigation of preg-
nant women postural balance and stability are statistic analy-
sis performed upon a set of normal weight subjects, with no
risk factor regarding their pregnancy. The authors decided to
monitor a more complicated case starting from the first weeks
of pregnancy until the last ones, by determining the postural
stability during stance, and plantar pressure during normal
gait. The subject is over 35 and overweight, meaning that she
involves more risks than other persons.

Keywords— overweight, pregnancy, base of support, pos-
tural balance, center of pressure.

1. INTRODUCTION

It is a well-known fact that pregnancy is a normal physio-
logical state for most women; nevertheless it triggers some
spectacular changes in the woman’s body starting with
weight gain, edema, diminished joints mobility, altered
posture and balance, also hormonal, cardiovascular and
pulmonary changes. [1]

Additionally, when some risk factors are involved even
from the beginning of pregnancy, the situation should be
carefully studied and monitored. There are several risk
factors like: mother’s age, pre-pregnancy weight, health
problems (diabetes, high blood pressure, HIV, etc.), multi-
ple pregnancy [2] but the ones of interest in our case study
concern the age of the mother (over 35) and her overweight
since before the pregnancy.

Considering the fact that the weight gain during pregnan-
cy is usually between 9 and 14kg, sometimes even up to
20kg, all located in the abdominal area, it becomes obvious
that body posture adaptations are required in order to main-
tain stability and balance both during stance and during
dynamic actions. [3]

The term body posture is used to describe the orientation
of a body segment relative to the gravitational force direc-
tion while balance refers to body posture dynamics that
prevents the person from falling. [4]

In order to maintain equilibrium the neural-muscular
control system of the human body works to keep the COP
(center of pressure — location of the projection of body cen-
ter of gravity) within the base of support (BOS — minimum
area enclosing the feet’s contact with the ground). [4]

© Springer International Publishing AG 2017

Due to the increase of weight in the anterior part of the
body during pregnancy, there is a certain risk of altering of
COP’s position towards outside the BOS, leading to a grow-
ing risk of falling, [5] especially in the case of a preexistent
overweight in the area.

Even in normal situations it was determined that up to
25% of the pregnant women sustain a fall [6] being thus
exposed to complications or even pregnancy loss.

Most studies are generally excluding extreme situations
when the investigated subject is overweight already before
pregnancy, like shown in [3]. For this reason our team de-
cided to investigate this particular situation, the results be-
ing applicable to other persons subjected to similar risk
factors.

1. MATERIALS AND METHODS

The investigation was performed upon a 38 years old
woman, height 167cm, mass at the beginning of pregnancy
87kg (BMI = 31,2kg/m> — obese class I) and mass towards
the end of pregnancy 99kg (BMI = 35,5kg/m? — obese class
I1). She was pregnant the second time and had an increased
weight following the first pregnancy and due to an un-
healthy nutrition and lack of physical activity.

The subject was tested two times: first time when she
was 6 weeks pregnant and second time, 36 weeks pregnant,
that is during the first trimester and during the third tri-
mester, wearing different shoes that were comfortable for
her at that time (heels between 2cm and 3cm high).

The subject was investigated in the morning, around 10
o’clock each time. She was instructed to assume three types
of BOS (small, intermediate and large) and maintain a re-
laxed standing position with eyes directed straightforward,
arms along the body for 30s. For each type of BOS, there
were three measurements performed in order to obtain as
accurate as possible results.

The experimental setup consisted of a force platform
(Kistler) (fig.1) connected to a PC by means of an AC/DC
converter. Bioware software was used for data processing.

Each session of measurements started with the force plat-
form calibration, which also provided the exact weight of
the subject at the investigation moment, allowing the deter-
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mination of body mass and BMI in order to be able to estab-
lish the obesity class of the subject.

Fig.1 Kistler force platform

The subject is presented while assuming small BOS after
six weeks of pregnancy (fig.2) and intermediate BOS after
36 weeks of pregnancy (fig.3).

Fig.2 Small BOS 6 weeks Fig.3 Intermediate BOS 36 weeks

In order to perform the dynamic testing, Kistler platform
was used in dynamical conditions. The assembly used for
measurement involves besides the Kistler platform, two
covered wooden platforms having the role of damping the
difference of level between the plate and the floor and also a
buffer material. So the subject will step naturally on the
plate from the wooden platform without being influenced of
the gap.

The subject was instructed to step across the platform
three times with the right foot and three times with the left
in normal gait.(fig.4 and 5).

Fig.4 Normal gait at 6 weeks
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Fig.5 Normal gait at 36 weeks

She was instructed to start walking a few steps before
coming in contact with the force platform in order to cap-
ture the regular allure of the gait and was tested at 6 weeks
and 36 weeks pregnancy.

1. RESULTS AND DISCUSSIONS

Using the dedicated Bioware software, several diagrams
can be created based upon the experiments results. The most
expressive results are given by the representations of the
stability area, showing the positions of the vertical projec-
tions of the body center of gravity during stance for a 30s
period of time, with different BOS.

In fig.6 and 7, the stability area is shown for a small BOS
determined at 6 weeks and respectively 36 weeks of preg-
nancy.

By analyzing the diagrams it becomes obvious that there
is an increased instability at 36 weeks, especially in the
sagittal plane, due to the fact that a considerable weight
developed in the anterior part of the trunk.
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At 6 weeks, the stability was almost normal, as the body
structure was already adapted to the existing overweight and
managed to compensate the unbalance. The posture howev-
er is affecting the spinal cord normal position.

For comparison, the stability area for both time periods is
presented, this time in large BOS, which allows the subject
a more secure and comfortable support area. The diagrams
are shown in fig.8 and 9.

Ax
Fig.9 Stability area at 36 weeks, large BOS

The representations are showing the fact that stability is
similar in large BOS, at 6 weeks and at 36 weeks, as a larg-
er base of support offers more safety by enlarging the area
where the projection of the center of gravity could fall with-
out jeopardizing too much the subject’s balance.

Viewing the statistics offered by the software, we found
that the range of the projection of COG displacement on the
axis Ox, that is anterior-posterior starts at 0,023m at 6
weeks and increases to 0,047 at 36 weeks in small BOS,
while the values for large BOS start at 0,013m at 6 weeks to
0,015m at 36 weeks. The values on the axis Oy, expressing
lateral balance are within a range of 0,027m at 6 weeks to
0,056m at 36 weeks for small BOS, while for the large BOS
the range values remain the same at 0,013m both for 6 and
for 36 weeks.

Another interesting parameter to present is the reaction
force (Fz) in direct connection to the weight distribution on
the support. The diagrams obtained for the force Fz are
shown in fig.10-13, following the same conditions as for the
stability area (small and large BOS, 6 weeks and 36 weeks
pregnancy).

It becomes obvious by analyzing fig. 10-11 that the val-
ues of the reaction force Fz are increased at 36 weeks, from
an average of 864,5 kgf at 6 weeks to an average of 976,8
kgf at 36 weeks. The values of the reaction force are not
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significantly different in small BOS or large BOS. Howev-
er, the force Fx on anterior-posterior direction shows in-
creased values in small BOS.

F[N]

Time [saconds]

Fig.10 Fz at 6 weeks small BOS

e Fz[IN]

l Time [seconds]

Fig.11 Fz 36 weeks small BOS

In dynamic stance, the representations of the forces on
the axes Ox, Oy and Oz are shown in fig. 12 for 6 weeks
and in fig.13 for 36 weeks of pregnancy.
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Fig. 12 Stepping with the right foot (6w)
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Fig. 13 Stepping with the right foot (36w)

By analyzing the dynamic diagrams of the forces varia-
tions during the contact with the platform, the first thing
that can be observed is the increase of the reaction force Fz,
due to the fact that the subject gained weight. The duration
of the contact is longer at 36 weeks as the subject becomes a
little more cautious and walks with a little difficulty. The
variation of the maximum value of the reaction force for the
right foot is shown for comparison in fig.14.




122

1100 =¢=—Fz max
1888 T h right 36w
I e e
800 . . . =ll=Fz max
1 2 3 right 6w

Fig.14 Variation of Fz max

Also the analysis of stability area, showing the projection
of the COG on the ground during walking exhibits obvious
changes in 36 weeks, the instability is pronounced due to
the occurrence of some “wobbling” when the full contact of
the foot with the ground takes place.
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Fig. 15 Stability area at 6w, right foot

Ax

Fig.16 Stability area 36 w, right foot

In order to be able to perform the comparison, in fig.15
and 16, the stability areas are presented for 6 weeks and 36
weeks pregnancy when stepping with the right foot.

The lateral balance increases from approx. 0,04m at 6
weeks to 0,135m at 36 weeks according to the software
statistics.

1v. CONCLUSIONS

Though generally pregnancy is a normal physiological
state that involves some changes of the woman’s body,
there are situations when higher risk occurs due to several
factors. Some of them are related to pre-pregnancy over-
weight and age over 35 years. These factors together with
the postural changes, weight gain and balance difficulties
might produce accidental falls leading to miscarriage or
other problems.

The methodology proposed by the paper shows in an ob-
jective and non-invasive manner, the way in which stability
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is affected in both static and dynamic conditions, raising
awareness of the balance issues and increased demands
upon the human body posture, in order to help future moth-
ers and the specialized medical staff to avoid accidents and
even miscarriages due to falls during pregnancy.

Our research shows that pre-pregnancy overweight is a
risk factor in accidental loss of balance and even falls, thus
supporting the recommendation that future mothers should
carefully monitor their weight by adequate motion and
healthy nutrition.

Future researches will be carried out by the team on sev-
eral subjects, considering also the influence of different
types of shoes, weight gain during pregnancy, age, previous
illnesses, etc. and also develop a suitable mathematical
model that could be adjusted according to the subject.
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Abstract— The present paper presents an approach to the
patients or elderly persons monitoring able to oversee some
vital signs for more persons in a delimited area. The system is
able to collect also the images of patients. Wireless sensors
networks (WSNs) became a successful alternative to cabled
systems used for surveillance or monitoring. The system is
based on the ZigBee wireless technology and using a low-cost
Beagle Board, designed with the DM3730 embedded proces-
sors. Even if the data rates provided by the ZigBee technology
are not very high the application proposed can be successfully
achieved using this low-cost approach.

Keywords— WSN, ZigBee, embedded processor, vital sign
monitoring.

1. INTRODUCTION

In our days the technology reaches a new level of
improvement. Medicine is one of the largest areas who are
dependent by evolution of technology. One of the biggest
problems in hospitals is to monitoring persons, patients with
chronic diseases, independent living seniors and the
in-patients who have to be cared for in assisted living
facilities. WSN technology could be used for monitoring
vital signs of some patients on ambulatory, emergency
rooms and post-operative care.

Healthcare monitoring: the medical applications might be
of two sorts: wearable and implanted. Wearable devices are
applied to the body surface of the human or maybe at close
proximity from the user. The implantable medical devices
are the ones that are inserted inside your body. There are
numerous other applications too e.g. body position meas-
urement of the person, overall monitoring of ill patients in
hospitals and also at homes. [1]

Researchers from different areas are working towards
“smart healthcare” [2]. For instance, some applications are
focused on continuous medical monitoring for degenerative
diseases (Parkinson’s, Alzheimer’s) or other cognitive
disorders. The “Code Blue” project at Harvard employs
WSNs for medical applications in disasters, while other
projects focus on high-bandwidth, sensor-rich environ-
ments. Another example of application in the Romanian
area is presented in [3].

© Springer International Publishing AG 2017

Using WSN technologies for smart healthcare provide
some important features, like:

- portability and unobtrusiveness. Very small devices
gather data and communicate by wireless connection, net-
work setups can be carried out without fixed infrastructure;

- ease of deployment and scalability. Devices can be used
in large numbers with less complexity and cost compared to
wired networks;

- real-time and always-on. The continuously monitored
data, (physiological and environmental) allow real-time
response by workers in healthcare or emergency scenario (it
can be accessed by using a centralized monitor);

- reconfiguration and self-organization. The miss of
wired connections allow removing or adding sensors which
leads to instant reconfiguration of the network. [1]

The wireless technologies [4] differ in a number of di-
mensions, most notably in just how much bandwidth they
provide and how far apart communicating nodes can be.
Other important differences include the electromagnetic
spectrums they choose and consumed power. The wireless
technologies of interest for this type of application are:
Bluetooth (802.15.1), ZigBee (802.15.4), Wi-Fi (802.11g),
Wi-MAX (802.16), and 3G cellular wireless. Some details
of the main features for these technologies can be found in
(3] [4].

Our purpose was to implement a wireless system able to
monitor some vital signs parameters of patients with chronic
diseases or elderly persons and also make a real surveil-
lance. The system was implemented based on the ZigBee
technology which provides some suitable features like:
simplicity, flexibility and low cost. For a better hard-ware
component simplification, we focused on system functional-
ity therefore the values of the parameters are emulated by
lookup tables in the acquisition node side.

1. THE SYSTEM ARCHITECTURE PRESENTATION

The system contains a PC dispatcher and a series of ac-
quisition modules, in a multipoint architecture. The acquisi-
tion system is based on two types of modules: the acquisi-
tion module based on the BeagleBoard-xM platform (this
module is used to gather images and data from patients) and
the visualization module employed in data collection from
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acquisition modules (see fig 1). The physiological parame-
ters are scanned from a lookup table for each vital parame-
ter. The range of values for the selected parameters (pulse,
blood pressure and body temperature) covers the normal
and abnormal values to verify the correct functionality of

the system.
e ™)
il BN B
HDOMmI
XB
BeagleBoard - xM °e
UART - USB

‘Web Camera

Acquisition module |

.

Fig.1 The main architecture of acquisition system (one node)

An XBee-Pro module is also connected to the acquisition
platform through an USB-serial adapter. The patient images
and parameters are transmitted using XBee-Pro radio mod-
ules implementing the Zigbee communication protocol,
when an abnormally monitored parameter value occurs. For
the collector module, in order to gather data from the acqui-
sition nodes we employ a laptop/PC, where the images and
data arrive from multiple acquisition systems (patients). The
computer is also connected to an XBee-Pro module in order
to be part of the radio communication network with the
acquisitions nodes.

A. Hardware module

a) Dual-core DM3730 based Embedded System

BeagleBoard-xM is a single board computer built for the
Open Source community and is suitable for health
monitoring applications and other embedded applications as
previous experiments proved. DM3730 (Texas Instr.), a
processor used also in some generations of smart-phones, is
based on a dual-core hybrid architecture (ARM + DSP)
Digital Media Processor compatible with OMAP™3 archi-
tecture and has the following significant properties [6].
The Beagle-Board XM is a DM3730 based development
board and contains all the needed components in order to
access peripherals such as mouse, keyboard, monitor,
memory cards/sticks, internet, USB, WLAN adaptor speak-
ers, microphone [7]. The BeagleBoard has a local disk (Mi-
croSD card) that is loaded with a Linux OS. Angstrom is the
most used Linux distribution on BeagleBoard and it is also
the recommended option for an operating system [8].
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b) ZigBee-Pro module

XBee-Pro PRO RF Module (Radio frequency) meets the
IEEE 802.15.4 specifications and supports the basic needs
of a low-cost and low-power wireless network. The module
operates in the ISM band (Industrial, Scientific and Medi-
cal) of 2.4 GHz, and has a fixed RF data rate (250 Kbps).
Various network topologies are supported: point-to-point,
point-to-multipoint and peer-to-peer [9].

¢) ZigBee-ProUSB Explorer

XBee-Pro USB Explorer is an adapter board from USB
to UART line for the Xbee modules. Xbee modules must be
connected to Xbee Explorer and it will get direct access to
serial communication terminals and programming pins of
the Xbee unit. [10].

B. Key Tools for Software support

a) X-CTU application

X-CTU is a free multi-platform application designed to
enable developers to interact with Digi [11] RF modules
through a simple-to-use graphical user interface. X-CTU
6.3.2 a new version of X-CTU tool includes unique features
like graphical network view, witch graphically represents
the XBee network along with the signal strength of each
connection, and the XBee API frame builder, which builds
and interprets API frames being used in API mode, combine
to make development on the XBee platform easier.

The Frame generator (generate any kind of frame),
Frame interpreter (decode a specific frame and see its val-
ue), Recovery (recovers radio modules with damaged firm-
ware), Range test (performing a range test between two end
points from the same network);

: CORD1
: ZigBee Coordinator AT
: COM3 - 5TE00/8/NST/N - AT

: 0013A20040E993B2
i MY 16-bit Metwork Address (4]
i DH Destination Address Hgh 138200
i DL Destination Address Low ADESSABL

i Ml Mode |dentifier CORD1

Fig.2 X-CTU tool interface used for modules configuration [11]

b) Open-Source Computer Vision Library

OpenCV [12] is an open source computer vision and ma-
chine learning software library. This library was built to
provide a common infrastructure for computer vision appli-
cation and to accelerate the use of machine vision in the
commercial products. Being a BSD licensed product,
OpenCV makes it easy for user to utilize and modify the
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code. The library has a lot of optimized algorithms, which
includes a comprehensive set of both classic and state of the
art computer vision and machine learning algorithms. It has
C, Python, Java and MATLAB interfaces and supports
Windows, Linux, Android and Mac OS. OpenCV targets
real-time vision applications and takes advantage of MMX
and SSE instructions when available. OpenCV is written
natively in C++ and has a templated interface that works
with STL containers [12].

. THE IMPLEMENTATION OF THE SYSTEM. EXPERIMENTS.

The system is composed from two acquisition parts
based on BeagleBoard-xM platform and a data
collector part represented by a computer. Communication
between devices is performed by ZigBee protocol using the
XBee modules. First of all the modules were initialized
using X-CTU software tool with the desired rates in order to
allow communication.

For experimental purposes, some real strings of values
for the physiological parameters (pulse, blood pressure and
body temperature) were stored in the acquisition systems
like lookup tables. Fig.3. is illustrating the values of abnor-
mal systolic and diastolic blood pressure for a labile arterial
hypertension patient.

Systolic and Diastolic Blood Pressure

Samples
@ m
b
3 —_—
I
g X ——— —~—
e E
B E —~—DBP ——5BP
2
@ .

Time [h]

Fig.3 Abnormal blood pressure from experiments

Fig. 4 presents a simplified flowchart of the application
with the main steps performed by the acquisition node soft-
ware.

In this kind of configuration the application running on
the collector side allows to display the patient’s received
image on the computer screen. If the number of acquisition
nodes (number of patients) is more than one it will create
new frames instances for each patient. In this case the XBee
modules can exchange information without any monitoring.
The ZigBee network was composed from one XBee module
used like router and the other modules, one for each patient,
was configured as end points (coordinators). The system
works by following algorithm: all images of the patient are
captured and the values of vital parameters are scanned at
an adequate rate, which may be selected. The sample rate
will be set one hour for temperature and blood pressure and
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for the pulse we choose to sample at every five minutes.
Then the values of the vital parameters are compared with
the alarm threshold and if an out of range value is detected
the subsystem begins to send images with the superimposed
parameters value toward the collector system. Because we
have two or more acquisition modules we first of all will
send an ID, unique for each module. This ID is write as a
header in each data packet before begin sent.

START
!
Open serial port
1

Initialize serial port

Take image from
WebCam (YUV)

Create a new
frame instance

¥

I NO YES
/! A -
NO / Save image / it
inJPG AR
format D?_-
l 'S
Send iniagc and
Scan vital

parameters
through serial port
& ¥

parameters

__ Parameters are out of
range ?

YES

Fig.4 The application flowchart running on BeagleBoard-XM

At the receiver a dynamic matrix is automatically de-
clared for each newly ID that was found. If the number of
acquisition modules is more than one, a prioritization algo-
rithm will manage the package prioritization. The alarm
threshold may be set by the user depending of patient age
and disease. In our experiments we choose the normal range
for the temperature (36.5-37°C), for the pulse (60-100
beats/min) and for blood pressure: 90< SBP<140 mm Hg,
70<DBP<90 mm Hg. For retrieving an image from the
video camera we used Gst-launch, a tool that builds and
runs streams. It is based on integrating different plug-ins for
reading and writing in certain file formats and also for con-
verting between different formats. In this case a JPEG en-
coder is used for converting from video format to JPEG
format. For the VGA resolution of (640x480) of the video
camera, we transmit a file of 60kB average size. An image
processing is necessary for interpolating the values of vital
parameters and the date and time stamps on the image. For
the interpolation of text on the image the OpenCV library
was employed. Fig. 5 presents two instances of patient im-
ages with the physiological parameters, received by the
collector. The delay introduced in the image transmission,
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for a detection of out of range value, for one or more vital
parameters to the acquisition node, and the image reception
to the collector is about 8 seconds for a 57.6 Kbps rate [13].

Temperature: 37.3

Pulse: 82 &

31.08.2016 - 23:56:41

31082016 - 22:39:21

Fig.5 Two patient images received from two acquisitions nodes

v. Concrusions AND OUTLOOK

In this paper we have presented a low-cost, multi-
operational and experimental system for monitoring people
who need a particular surveillance like patients with chronic
disease or elderly persons. The monitoring system was
designed to work on a WSN network using the ZigBee
technology. The acquisition node is developed around the
BeagleBoard-xM platform, a powerful low-cost single
board computer. Similar work for long term ECG monitor-
ing using this platform is presented in [14]. To prove the
functionality of monitoring system we decide to emulate the
selected physiological parameters (pulse, blood pressure
and body temperature) by strings of real values and sampled
at an adequate rate, set by the user. Additionally, the trend
to increase nominal read rate, allows flexible monitoring for
a better safety, but it also modify the protocol. For this situ-
ation we will realize a TCP/IP communication protocol
between the modules. The number of nodes actually imple-
mented is three, and is limited by the number of Beagle-
Board modules available in the lab. Increasing the number
will be a challenge for the applications and communication
capabilities of the system. There are several future direc-
tions and open problems. One open problem is the fact that
critical systems that rely on computing devices already have
a high complexity. If these systems include wireless compu-
ting devices, additional precautions are necessary to ensure
that the computing devices balance safety with convenience
and do not introduce unacceptable risks. Medical device
design is one such situation. We will make a serious risk
analysis in the next phases of the project.

There are few obvious minor next steps and our research
will require innovative actions. This work emphasizes the
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need for a principled and deeper investigation into preven-
tion mechanisms, detection mechanisms and vital signs
determination methods. The application of the system out-
side hospitals will increase the functionality. Such innova-
tions will become crucial, as the technologies and capabili-
ties for the new monitoring devices continue to evolve.
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Abstract— Mechanical ventilation is often used in patients
suffering inadequate oxygenation. Many ventilator regimens
have been already introduced, however mechanical ventilation
still causes significant adverse effects. Practicing an intubation
and guidance of mechanical ventilation can be crucial for a suc-
cessful use of mechanical ventilation in the clinical practice. Use
of simulators with life-size mannequins represents a unique op-
portunity to realize simulations with a high fidelity. Aim of this
paper is to introduce a scenario prepared for a demonstration
of automated ventilatory regimen with automatically controlled
fraction of oxygen in a ventilatory mixture with a possibility of
studying the effect of ventilatory parameters upon vital signs of
the mannequin. The simulator with life-size mannequin and real
medical devices used in the simulation increase its fidelity and
are used in education of biomedical technicians, biomedical en-
gineers and medical rescuers.

Keywords—fraction of oxygen, mechanical ventilation, simu-
lation, close loop system, life-size simulator, mannequin.

1. INTRODUCTION

Mechanical ventilation (MV) is an important technique
that can replace a spontaneous breathing for some time. It is
used to deliver oxygen and remove carbon dioxide in patients
with inadequate spontaneous breathing or with intentionally
inhibited spontaneous breathing. One of the important aims
of MV is a maintenance of blood gases inside physiological
limits [1, 2].

Preterm born babies require MV very often because of
lung immaturity. It is necessary to use a ventilatory mixture
with increased fraction of oxygen (FiO) in many cases to
maintain a proper oxygenation, on the other hand it is advis-
able to minimize FiO; considering adverse effects of higher
partial pressure of oxygen upon the lung tissue and the pa-
tient’s organism [3].

Oxygen saturation of the blood is commonly monitored to
evaluate the oxygenation of the organism. It is routinely
measured by a monitor of vital signs and too low level of the
saturation turns on an alarm. There are cases when the prem-
ature infants requiring MV are supported by ventilation with
the ventilatory mixture with useless high FiO,. It can result
in a few diseases, e.g. bronchopulmonary dysplasia and reti-
nopathy [4, 5, 6].

© Springer International Publishing AG 2017

There are a few automated systems to control FiO> in a
close loop system according to the monitored vital signs. One
of them is a CLiO2 system that is commercially available in
Avea (Carefusion, Yorba Linda, CA) ventilators. CLiO2 rep-
resents the close loop system that automatically adjusts the
FiO; in the ventilatory mixture according to the level of oxy-
gen saturation in the arterial blood. It helps maintain a safe
blood oxygen level in a long term MV with an adequate frac-
tion of oxygen in the ventilatory mixture. It can contribute to
better care for neonates.

Wilinska et al. describe effects observed during a titration
of FiO; in the ventilatory mixture in newborns. They com-
pared two manual approaches called attentive and observing
with automated system CLiO2 in two ventilated newborns
with stable and unstable blood oxygenation. The target range
of oxygen saturation was specified at 87-93 %. The results
shown that there was less time that newborns spend outside
the target SpO» range with CLiO2 compared to the manual
settings. There was a slight difference for the stable patient
while higher differences were seen at the unstable patient.
There were also lower nursing times required for CLiO2 pe-
riod [7].

Education and training is crucial for a proper administra-
tion and guidance of many medical devices and approaches.
Therefore, simulations have unique importance in the bio-
medical engineering and simulators and models are very im-
portant for the education of the students and the further train-
ing and education of a medical staff. They are used also for a
calibration of the medical devices or a check of their function.
The simulations are also very important for neonatology
which is quite specific in many domains [8].

There is a special group of the simulators called patient
simulators. These simulators contain life-size mannequin to
emphasize the reality of the simulation of taking care about a
real patient. Mannequins support a lot of basic procedures re-
quired when examine the patient. The mannequins support a
connection of a ventilator and support MV of the lungs. Hu-
man patient simulator (CAE Healthcare, Sarasota, FL) is one
of the commercially available systems equipped with the
mannequins.

The Human Patient Simulator (HPS) is intended for the
training of practical skills and solution of crisis and severe
situations. HPS consists of three components; HPS lab rack,
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instructor workstation with software Miise and life-size man-
nequin based on the human anatomy. Software Miise is used
for a control of the model including parameters of the man-
nequin.

HPS is equipped with anatomically accurate upper air-
ways that support a practice of difficult airway management
techniques. An endotracheal tube can be placed and use of
MYV is supported. Lungs are formed by two bellows that are
placed in Lab Rack and the ventilatory mixture used for the
ventilation of the mannequin is moved to the Lab Rack from
the mannequin and its composition is analyzed with each
breath. It allows to use different FiO; in the ventilatory mix-
ture and one can see its effect upon the blood gases of the
mannequin. HPS simulates a consumption of oxygen and a
production of carbon dioxide. Therefore, HPS allows simu-
lation of end tidal carbon dioxide concentration that can be
analyzed by the monitor of the vital signs. One part of HPS
is a module OxSim simulating SpO; signal that can be also
measured by the standard monitor of the vital signs. Manne-
quin of HPS represents an adult human with its size, weight
and other basic parameters of the vital signs, e.g. tidal volume
about 8 mL/kg. A lot of parameters can be adjusted in the
control software Miise that allows to change the individual
parameters of the mannequin, e.g. the consumption of oxy-
gen or the production of carbon dioxide in breathing.

The aim of the paper is to introduce a scenario designed to
demonstrate the close loop ventilatory regimen CLiO2. Ven-
tilator Avea and simulator HPS are connected to design a
close loop system with controlled FiO; according to the oxy-
gen saturation of the arterial blood. The effects of middle and
severe desaturation are studied.

1. METHODS

We have used mechanical ventilator Avea to ventilate the
life-size mannequin HPS. Automated system CLiO2 can be
activated only in the neonatal ventilator mode where tidal
volume is limited to 300 mL. Initial ventilatory parameters
used in the demonstration are summarized in Table 1.

Table 1 Ventilatory parameters set on Avea ventilator in the neonatal
ventilatory regimen.

Ventilatory parameter Value
Tidal volume 300 mL
Ventilatory frequency 30 bpm
PEEP 4 cmH,0
Initial fraction of oxygen 25%
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Demonstration of a desaturation was started with a vol-
ume-controlled ventilation and normoventilation was
achieved by a change of the parameters of HPS that are re-
lated to the breathing or ventilation. Because HPS mannequin
represents an adult human it was necessary to adjust its pa-
rameters corresponding to the lower tidal volume used in the
neonatal ventilatory regimen CLiO2. Following parameters
of HPS were changed (see Table 2) and held constant in the
demonstration of automated ventilatory regimen CLiO2.

Table 2 Parameters set on HPS.

HPS parameter Value
O, consumption 20 mL/min
CO; production factor 0.6
PetCO,-PaCO, factor 1.3
PaCO, Set-Point 60 mmHg

The consumption of oxygen was decreased to 20 mL/min
to simulate a small oxygen consumption of a neonatal patient.
The production of carbon dioxide was also decreased corre-
sponding to a smaller amount produced by a neonate. A
PetCO,-PaCO, factor was set to 1.3 increasing partial pres-
sure of carbon dioxide in exhaled gas in contrast to partial
pressure of carbon dioxide in the arterial blood. Value of
PaCO; set-point changes the sensitivity of the HPS to level
of the partial pressure of carbon dioxide in the arterial blood.

N 3 &
Fig. 1. Experimental settings with HPS and Avea.

A scenario in Miise software was prepared for the experi-
mental demonstration. The scenario starts with a stabilization
period where the vital signs become stabilized close to com-
mon physiological values. Neuromuscular blockade (NMB)
follows in the second part of the scenario. NMB is set on
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99%, followed by a reduction of the spontaneous tidal vol-
ume. Subsequently, HPS mannequin was intubated with an
endotracheal tube and connected to ventilator Avea.

The automated regimen CLiO2 was set on the ventilator
and moderate and severe desaturation was simulated. The au-
tomatic change of FiO, in the inspired ventilatory mixture
was observed according to the level of desaturation. The sce-
nario was prepared for each experimental phase including the
change of the selected parameters in a specified time. It as-
sures synchronous change of more parameters in one mo-
ment.

The values of oxygen saturation and partial pressure of ox-
ygen in the arterial blood were downloaded from the software
Miise and the values of corresponding FiO, were written
down from the ventilator.

. RESULTS

The results of conducted simulations are depicted in the
following figures. A five minute time course of the oxygen
saturation of the mannequin and FiO; in the ventilatory mix-
ture are depicted in Fig. 2.

100

oof
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60
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0 50 100 150 200 250 300 350
time (s)

Fig. 2. Time courses of fraction of oxygen in the ventilatory mixture and
oxygen saturation.

Corresponding time course of simulated partial pressure
of oxygen in the arterial blood is depicted in Fig. 3.

Increased heart rate in the period of desaturation is de-
picted in Fig. 4.

180
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50 100 150 200 250 300 350
time (s)

Fig. 3. Time course of partial pressure of oxygen in the arterial blood in
severe desaturation.
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Fig. 4. Time course of the heart rate in severe desaturation.

v. DiscussioNn

The target range for the oxygen saturation for the purposes
of the demonstration was set in 88-95 %. When the oxygen
saturation falls under 88 % the ventilator in automated regi-
men should increase FiO, in the ventilatory mixture to com-
pensate a desaturation. This dependence can be seen in Fig.
2 where the time course of the oxygen saturation in the arte-
rial blood is depicted for the simulated scenario of severe de-
saturation at the patient.

The initial value of FiO; in the ventilatory mixture, which
was set at 25 % is automatically increasing after a fall of the
oxygen saturation in the arterial blood below 88 %. There is
a delay approximately 20 seconds in the reaction of the ven-
tilator. The algorithm of the control of FiO, takes into ac-
count also a time response of the changes in the oxygen sat-
uration. FiO, changes quickly (less than 5 seconds) if there is
a quick change of the oxygen saturation. It can be seen in
145% second of the time courses of the signals in Fig. 2.

One can see a significant delay in the time course of partial
pressure of oxygen in the arterial blood (Fig. 3) in simulated
severe desaturation. The value of PaO, reached 180 mmHg
in maximum.

Rapid changes of the heart rate are depicted in Fig. 4. One
can see the increase of the heart rate with decreasing oxygen
saturation with a maximum heart rate 83 beats per minute.
The heart rate is even quickly decreasing after 150 s of the
experiment in finishing desaturation.

Developed scenarios allow a demonstration of the desatu-
ration of an organism and studying of the vital signs of the
mannequin and its dependence on the parameters of MV.

v. CONCLUSIONS

Connection of the mannequin with the mechanical venti-
lator and developed scenario of the severe desaturation of the
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organism represents a perfect tool for the education of medi-
cal and technical staff. Medical devices are placed together
with HPS in the special laboratory of the simulated intensive
care unit and together with the realized scenario will be used
for the education of biomedical technicians, biomedical en-
gineers and medical rescuers. Introduced experimental set-
tings gives a unique opportunity to train and practice intuba-
tion, setting the ventilator and study the interaction of the
ventilator and the patient.
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A Study of the Effects of Geometry on the Efficiency of Single Slot Microwave
Ablation Antennas used in Hepatic Tumor Hyperthermia

V. Neagu

Technical University of Cluj Napoca/Faculty of Electrical Engineering, Cluj Napoca, Romania

Abstract— Microwave ablation (MWA) has gained appreci-
ation as an alternative to radio frequency ablation in the
treatment of tumors. In this paper, COMSOL Multiphysics
software is used to perform an analysis of single slot, end-
capped MWA antenna with a variable geometry fed at a fre-
quency range between 900MHz and 2500MHz, with the pur-
pose of finding configurations that reduce reflections, increase
the power transfer to the hepatic tissue and produce faster
heating, giving a more efficient antenna design.

Keywords— microwave, ablation, tumor, simulation, opti-
mization

1. INTRODUCTION

Thermal ablation is the process of destroying unwanted
tissue by changing its temperature, either by raising (above
~50-60°C) or lowering it (typically freezing) to cytotoxic
levels. This can be performed through a number of tech-
niques, including laser, radio frequency currents (RF), cryo-
ablation and microwave ablation (MWA), the latter gaining
more attention in recent years as an alternative to RF [1, 2].
These techniques offer an alternative treatment for patients
suffering from malignancies that are not eligible for surgical
resection either due to positioning of the tumor close to
blood vessels and other structures, insufficient healthy tis-
sue, number of tumor spots or comorbidities. There is abso-
lute evidence of the damaging effects of cancer on the body
and studies have found that, if left untreated, hepatocellular
carcinoma has a mortality rate of 100% after 5 years, claim-
ing more than 1 million lives per year [3].

MWA operates on the principle of exciting polar mole-
cules (typically water or protein) through the use of varying
electromagnetic fields. During MWA, an antenna is inserted
into the target tumor laparoscopically, percutaneously or
under open surgery with imaging techniques such as ultra-
sound or CT guidance. The antenna radiates microwave
energy resulting in tissue molecules rapidly changing orien-
tation to match that of the EM field, creating heat through
friction. As a direct consequence of this, the method is de-
pendent on the tissue’s properties, most importantly its
water content which is directly linked to the tissue’s relative
permittivity. Studies have found that MWA gives better
results in low conductivity tissues like bone or lung com-
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pared to RF ablation in terms of penetration depth and fre-
quency dependent scattering patterns [4]. This paper focuses
on an interval of frequencies which includes the industry
standard 2.45GHz, shown to offer good results in terms of
energy transfer, size of ablation zone and temperature gradi-
ents [5, 6].

1. MATERIALS AND METHODS

A. Reflection coefficient and heat transfer

A good measure of an antenna’s efficiency is the ratio
between feed power and reflected power described by its
reflection coefficient, I" given by:

I'=10-log,, (2-)[dB] (1)
Pin
It is desired that this coefficient be as small as possible
which denotes a good transfer of power from the generator
to the site of the tumor. Antennas operating at high reflec-
tion coefficients can cause overheating of the waveguide
which cause damage not only to healthy tissue surrounding
the antenna but also to the microwave generator [7].
The most commonly used equation for describing heat
transfer in biological tissue is the Pennes equation, below:

a
pC 3 = V- (keVT) + Qumee — Qp + Qexe @)

where the first, second, third and fourth right terms denote
heat conduction, metabolic heat generation, heat loss due to
blood perfusion due to the “heat sink” effect and absorbed
heat due to exterior sources [8]. When normalized by tissue
density, Q.. is referred to as specific absorption rate
(SAR).

B. Mathematical model

The geometry of the problem allows for a 2D axisymmetric
rotation model to be built in COMSOL Multiphysics. The
coaxial antenna is one of the most preferred applicators in
MWA due to its small dimensions which allow for easier
use in interstitial spaces, as well as its ease of manufactur-
ing. Dimensions for the antenna were selected to allow for
the variation in geometry required for the study. The anten-
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na was modeled with a polytetrafluoroethylene (PTFE)
coating to simulate the catheter it would be placed in. Stud-
ies have shown the impact this coating has on antenna effi-
ciency [9]. Power is supplied through a Port condition on
the top boundary of the antenna using 10W. For the purpose
of this paper, the frequency will be variable. A slot with
position from antenna tip and height parametrically con-
trolled was then modeled. A sufficiently large cylindrical
sample of homogenous hepatic tissue was then modeled
around the antenna. As such, @, in eq. (2) is constant in the
modeled volume. It is important to note then that the re-
sponse will depend on vascularization, with proximity to
major blood vessels greatly increasing this factor. The tissue
radius is selected several times larger than the maximum
penetration depth of microwaves in hepatic tissue to mini-
mize changes of leftover energy reaching the edges of the
model and causing unwanted reflections. The initial geome-
try and temperature field is illustrated in fig. 1. The 50°C
isotherm is the one closest to the antenna tip. Antenna and
liver dimensional and material properties can be found in
Table 1.

Catheter

0.0157]

__ |Hepatic tissue

Inner conductor

Quter conductor

0.0057

Slot

o 0.03 0.02% 34.9

Fig. 1 Base geometry (left) and temperature distribution contours
(50°C,45°C,40°C) at 600s (right)

In order to simplify the problem, perfect electric conduc-
tor boundary conditions are attributed to the waveguide
walls and a scattering boundary condition was applied to the
outer boundaries of the hepatic tissue to avoid additional
reflections of microwave energy, which would not happen
in continuous tissue. For the thermal problem, only the liver
tissue was taken into consideration and a thermal insulation
boundary was attributed to the PTFE catheter. Antenna
heating can be inferred from the reflection coefficient and
minimizing this is included in the scope of this paper.

V. Neagu

Table 1 Dimensions and properties of antenna and tissue
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Parameter Value
Inner conductor radius 0.255[mm]
Outer conductor radius 1.095[mm]
Antenna length 80[mm]

Slot width 0.25-5[mm]
Slot distance from antenna tip 0-30[mm]
Catheter radius 1.72[mm]
Catheter relative permittivity 2.6
Coax dielectric relative permittivity 2.03
Blood density 1000[kg/m3]
Blood specific heat 3639[J/(kg*K)]
Blood perfusion rate 3.6 e-3[1/s]
Blood temperature 37°C
Hepatic tissue radius 3[cm]
Hepatic tissue relative permittivity 43.03
Frequency 900-2500[MHz]
Feed power 10[W]
Time 0-600[s]

C. Studies

Three studies have been performed within COMSOL fo-
cused on determining the effects slot height, slot position
from antenna tip and microwave frequency have on antenna
efficiency. While the primary focus is the ablation itself
since the antenna can be fed through an external impedance
matching generator to improve efficiency as well as be
equipped with internal cooling to reduce damage to sur-
rounding healthy tissue through unwanted heating of the
waveguide, the target of this study was trifold: to observe
the geometric configurations that would minimize reflected
power, maximize deposited power in the hepatic tissue and
provide adequate temperatures in the ablation area. The
latter was checked by measuring temperature Smm away
from the antenna in a point centered on the slot.

1. REsuLTs

A. Slot width and slot position variations at 2.45GHz

The first study performed centered on the most common
frequency used in MWA, namely 2.45GHz. Fig.2 and Fig.3
illustrate the reflection coefficient and dissipated power in
hepatic tissue obtained from this study. It is desirable for the
attenuation and dissipated power to be maximum. As the
two figures illustrate, this can be found at a distance of 4mm
from antenna tip with a slot size of 4.8mm. The study has
also found a region of minimum efficiency for the antenna,
namely centered around 20mm distance from antenna tip,
for all slot width values. It is advisable that manufacturers
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avoid this specific configuration as most feed power will
not be transmitted into the tissue and instead will heat up
and damage the antenna and surrounding healthy tissue.

Reflection coefficient (S11) for 2.45GHz

Slot distance from antenna tip (mm)

Fig. 1 Attenuation of reflected power (in absolute value) as a function of
slot width and slot distance from antenna tip

Dissipated power in hepatic tissue at 2.45GHz
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Fig. 2 Dissipated power as a function of slot width and slot distance from
antenna tip

During MWA, exposure time is of great importance.
Most MWA procedures operate at higher power inputs than
this study to reduce this exposure time while still attaining
cytotoxic temperatures. Looking at the results, we find that
at 300s 35.48% of combinations produce a temperature
above 50°C and only 8.11% produce a temperature in hepat-
ic tissue of 60°C or above while at 600s, 52.9% of combina-
tions produce a temperature above 50°C and 39.25% pro-
duce one above 60°C, with a maximum reached temperature
of 67.97°C.
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B. Slot width at 900-2500MHz

Considering the results of the previous test, the distance
of the slot from antenna tip was fixed at 4mm. while the slot
width was varied from 0 to 5Smm. For each of these values, a
frequency sweep from 900 to 2500MHz was performed in
25MHz increments. As with the previous study, the reflec-
tion coefficient and dissipated power were plotted for each
combination of parameters. The study also takes a look at
temperature outputs at the measuring point. Figures 4
through 6 illustrate the results.

In terms of power transmission, S11 peaks at -25.39dB at
2.3GHz and a slot width of 5mm while the maximum atten-
uation obtained for 2.45GHz is -22.78dB which is still con-
sidered a good value.

S11 reflection coefficient at variable slot widths
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Fig. 3 Attenuation of reflected power as a function of frequency. Each
series represents a slot width step

Dissipated power in hepatic tissue
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Fig. 4 Attenuation of reflected power as a function of frequency. Each
series represents a slot width step
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Temperature reading
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Fig. 5 Temperature at 300s and 600s measured at Smm from middle of
slot as a function of frequency

Dissipated power in tissue (fig. 5) shows a similar situa-
tion, with the maximum located at 2.325GHz and 2.3GHz
as next maximum, both with over 99.6% of input energy
dissipated into the tissue.
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Fig. 6 Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for
maximum attenuation (left) and maximum power dissipation (right) at
600s. Slot position is highlighted in blue

Temperature readings were plotted in fig. 6. The maxi-
mum temperature attained at 300s was 58.2°C, although
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only 50.38% of combinations reached temperatures above
50°C and none reached 60°C. At 600s, 82.5% reached 50°C
and 30.8% reached 60°C, with a maximum of 65.46°C. The
most considerable difference between the previous study
and the present one is the absence of any combinations able
to reach 60°C in 300s or less, leading to a need for longer
procedure times.

An important fact to note is that the temperature maxima
are not centered on the slot itself, shown in blue in fig. 7
and, as such, care must be taken during the MW A procedure
with regards to the correct positioning of the ablation anten-
na for best results. A second consequence of this fact is the
difference between temperatures maxima obtained at the
reading point and overall temperatures maxima visible in
fig. 7.

C. Slot position at 900-2500MHz

The slot width was fixed at 2mm while the distance was
varied from 0 to 30mm. For each of these values, a frequen-
cy sweep from 900 to 2500MHz was performed in 25MHz
increments. As with the previous study, the reflection coef-
ficient and dissipated power were plotted for each combina-
tion of parameters. The study also takes a look at tempera-
ture outputs at the measuring point.

Fig. 8 shows the resulting reflection coefficient for this
study. Highlighted are the series corresponding to 4mm
distance that was considered as fixed by the previous study,
and which gives identical results (-11.886dB at 2.45GHz) in
combination with the 2mm slot width, as well as two series
which correspond to the first and second maxima, with
attenuations of -34.9dB. As with the previous study, trans-
mission efficiency increases with frequency for small dis-
tances while larger distances from the antenna tip see an
increase in efficiency at lower feed frequencies.

S11 reflection coefficient at variable slot
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Fig. 7 Attenuation of reflected power as a function of frequency. Each
series represents a slot position step
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Total power dissipation as function of frequency
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Fig. 8 Attenuation of reflected power as a function of frequency. Each
series represents a slot position step
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Fig. 9 Attenuation of reflected power as a function of frequency. Each
series represents a frequency step

Dissipated power (fig. 9, fig. 10) follows the trend of re-
flection attenuation, the slope steepness being directly pro-
portional to the feed frequency. The study also shows that
higher frequencies provide an overall better power dissipa-
tion, with a peak of 98.3% of feed power dissipated for
2.45GHz and only 88.9% for 925MHz. Additionally, it is
again found that there is a band of greatly reduced power
efficiency at 20mm distance for 2.45GHz.

Temperatures measured at Smm from the slot are plotted
in fig. 11. The 4mm series highlighted in the plot provide a
steady increase in temperature over the entire frequency
sweep, while the 13mm and 15mm series which were found
to give best reflection attenuation present faster rises to
cytotoxic levels and a plateau in the middle of the frequency
sweep, decreasing to undesirable values at the high end of
the sweep. The study has found that 61.04% of combina-
tions have reached a temperature of 50°C at 600s and 32.2%
at 300s while 17.56% have gone to 60°C or above at 600s
and only 1.14% have reached 60°C at 300s. A maxima of
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67.83°C was reached at 600s and 60.48°C at 300s, compa-
rable to the values obtained in the previous study.

Temperature reading
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Fig. 10 Temperature at 300s and 600s measured at Smm from middle of
slot as a function of frequency

It must be pointed out that due to how the ablation area is
formed, these temperatures are not entirely representative of
the overall maxima achieved during the procedure and care
must be taken when inserting the antenna to ensure correct
positioning in the malignant tissue for optimal coverage.
Fig. 12 and fig. 13 show the effective ablation area for
925MHz and 2.45GHz for the 4mm slot position and 15mm
slot position.

002 S
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Fig. 11 Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for
925MHz (left) and 2.45GHz (right) at 4mm slot distance. Slot position is
highlighted in blue

At the 4mm distance, the higher frequency gives a more
spherical volume which helps with better control over the
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ablated tissue. At the 15mm distance however, the higher
frequency antenna fails to heat a large enough volume of
tissue although still presenting a small elongation of the
heated volume. The higher frequency was also able to pro-
duce higher temperatures, reaching 80.5°C for the 4mm
distance compared to 57.8°C for 925MHz at the same value.

.02

S 003 V340 © 0005 0.01 0.0I5 0.02 0,025 0.03 ¥ 349

Fig. 12 Temperature and necrosed tissue contours (1.0, 0.5, 0.1) for
925MHz (left) and 2.45GHz (right) at 15mm slot distance. Slot position is
highlighted in blue

v. CONCLUSIONS

This paper focused on the effects geometry has on the ef-
ficiency of MWA single slot coaxial antennas. Using
COMSOL Multiphysics three studies have been performed
on a homogenous volume of hepatic tissue to determine
how the size of the slot, its position from the antenna tip and
frequency impacted the overall characteristics of the anten-
na, microwave propagation and the ablation zone. While in
practice there are limitations to the frequency range used,
both physical as generators and antennas cannot operate on
the entire spectrum used, and regulatory like the ISM band,
this paper wanted to observe antenna behavior over the
entire spectrum and compare it to common frequencies used
in MWA. As such, during the studies, the 2.45GHz fre-
quency was repeatedly highlighted since this is the most
commonly used in MWA therapy. It has been shown that
higher frequencies provide a more spherical ablation vol-
ume, thus avoiding damaging healthy tissue due to the char-
acteristic “teardrop” shape produced by lower frequencies.
The 925MHz frequency has also been highlighted for its
proximity 915MHz which previous studies mentioned for
its benefits and appears in some manufacturer’s medical
equipment [10].
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This paper has identified several geometric combinations
which provide the best results for one of the enumerated
factors of overall efficiency however, a single best combina-
tion of geometrical elements could not be found. This can
be attributed to the fact that the MWA procedure is a com-
plex problem and exterior factors must be taken into ac-
count. Such factors include impedance matching feed gen-
erators, variable frequency generators, higher feed powers
or using multiple antennas.

This paper has also identified an important aspect of the
ablation area, namely that it does not center on the slot it-
self, as shown in fig. 7, 12 and 13 and, as such, temperature
readings and antenna positioning must be performed taking
this into account. The need for larger slot distances and slot
widths must be balanced by the fact that these combinations
can lead to increased elongation of the ablation zone which
is undesirable.
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The Influence of an Orifice Plates as a Flow Sensors on the Removal of Carbon
Dioxide in High Frequency Oscillatory and Jet Ventilation

P. Kudrna and M. Rozanek

Department of Biomedical Technology, Czech Technical University in Prague,
Kladno, Czech Republic

Abstract— For the comfortable and safe use of high-
frequency ventilation (HFV) it is suitable to use a system for
continual monitoring of inspiratory and expiratory gas flow
especially for calculating tidal volumes. The orifice plate is one
of the usable solutions for experimental practice. But the ori-
fice plate causes an increase in flow resistance in the ventila-
tion circuit, which may affect the elimination of CO: from the
patient's lungs. Proper compensation for the pressure losses
caused by the orifice plate is then necessary.

Keywords— High frequency ventilation, orifice plate, CO:
elimination.

1. INTRODUCTION

High frequency ventilation (HFV) is a technique of me-
chanical ventilation, which uses a high respiratory rate and
low tidal volumes that are comparable to or smaller than the
anatomic dead space in the patient's airway. From this per-
spective, HFV seems to be a safe technique of mechanical
ventilation with a minimal risk of volutrauma [1]. HFOV
(High Frequency Oscillatory Ventilation) and HFJV (High
Frequency Jet Ventilation) are techniques applied especially
in therapy of pulmonary disease of extremely preterm in-
fants with typical device representatives: 3100A (Sen-
sorMedics, CareFusion, CA) for HFOV and Life Pulse
(Bunnell Inc., Salt Lake City, UT) for HFJV.

However, monitoration of tidal volumes or flow, is not a
standard use (parameter) in these devices [2]. Suitable sen-
sors for the experimental measurement of flow during HFV
are hot-wire anemometers or orifice plates. The commer-
cially available respiratory monitor Florian (Acutronic,
Switzerland) which uses a hot-wire for measuring flow and
Vr during HFOV is sometimes used in clinical practice but
the the monitor is not produced anymore. However, these
sensors, especially the orifice plate, can have a negative
effect on the course of mechanical ventilation because the
measuring elements increase resistance in the ventilation
circuit [3].

The aim of this study is to investigate whether the flow
sensor (particularly the orifice plate) affect the ability of
CO; avoided and whether it is possible to compensate the
negative effects.

© Springer International Publishing AG 2017

1. METHODS

The arrangement of the experiment is presented in figure
1 and figure 2. The experiment was realized in several var-
iations in order to compare HFOV and HFJV with and
without the orifice plate and during different frequencies as
it is shown in table 1.

Table 1 Variations of the CO, elimination experiment.

Type of HFV Orifice plate Re[i)ig:tt}?/rgﬁ};]ate
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S . —§ 300
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A 540
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= &

& £ ) 420
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= = 540
660

A sealed rigid bottle was used as the model of the respir-
atory system of a newborn patient with a volume 1000 mL,
compliance 2.87 mL/cmH»0, fitted with an endotracheal
tube with a diameter of 3 mm. It included ports for monitor-
ing pressure inside the model, for filling the modelled pa-
tient’s respiratory system by CO, and a closed loop for
analysing the concentration of CO» (an exhaustion gas sam-
ple for analysis and return samples of CO» gas back to mod-
el). Patient monitor S/5 (Datex Ohmeda,Finland) was used
as a CO; analyzer.

The newborn respiratory system model was continuously
infused by 110 mL/min (1 mL/min) of CO, in each con-
figuration. A VT Mobile (FlukeBiomedical, Ohio) electron-
ic flow meter was used to control the dosige rate of COs,.
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Fig. 1 Setup of the CO, elimination experiment using HFJV. We continuously infused 110 ml/min (£10 ml/min) of CO, into a rigid bottle using the Fluke
VT mobile and in the same time we tried to eliminate it out of the bottle using the Bunnel LIFE PULSE high frequency jet ventilator (PIP = 20 cmH,0 —
without compensation). A conventional ventilator was used to produce PEEP (5 cmH,0) in the system. We measured the concentration of CO; in the bottle
using the Datex Ohmeda patient monitor and we observed the pressure inside the bottle using the experimental system iMON.
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Fig. 2 Setup of the CO; elimination experiment using high frequency oscillatory ventilation. We used the SensorMedics 3100A ventilator
(Paw = 12,5 cmH,0, maximal intensity of oscillations).
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At the same time we were tried to eliminated CO; from
the rigid bottle by HF (high-frequency) ventilators accord-
ing to the Table 1.

The pressure inside of the bottle was measured in order
to observe decrease of pressure caused by the orifice plate.
Specialized equipment (iMON monitor) with pressure sen-
sors 26PCO1(Honeywell, United States) with a pressure
range of 1 psi was developed for the simultaneous meas-
urement of up to three pressures at the same time. Signals
from the sensors were amplified through instrumental am-
plifiers INA 128 (Texas Instruments, Dallas, Texas, United
States) and recorded by a multifunctional measuring card
NIDAQ 6009 (National Instruments, Austin, Texas, United
States). The sampling frequency was 1 kHz. LabVIEW
Signal Express (National Instruments, Austin, Texas, Unit-
ed States) was used for signal analysis. Pressure losses were
compensated by adjusting a higher peak inspiratory pressure
on the ventilators (HFJV) or changing the CDP (continual
distending pressure) during HFOV.

The actual concentration of CO, was recorded by SW
and the data were processed using Matlab Curve fitting tool
(MathWorks, Natick, Massachusetts, U.S.A.).

A. Sensor — orifice plate

The experimental orifice plate was designed and made of
stainless steel. The orifice plate is placed in the ventilation
circuit between the jet-adapter and the endotracheal tube.
Dimensions of the aperture are shown in Figure 3 and its
flow-pressure characteristics are shown in Figure 4. Both
connectors located on the orifice plate were attached to the
differential pressure sensor but this signal was not further
processed.
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Fig. 3 Orifice plate - cut
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Fig. 4 Pressure-flow characteristics of the experimental flow sensor

1. RESuLTS

The increase of CO, concentration in the bottle can be
described by the following equation:
t

c(co,)= c | 1- er

Values of the final concentration of CO, dependent on fre-
quency (Respiratory Rate) and the time constantt are
shown in figure 5.

1v. DiscusioN

This experiment establishes the effect of an orifice plate
on the elimination of carbon dioxide in high frequency
ventilation. The orifice plate was used as a flow meter for
measuring inspiratory and expiratory flow, respectively
volumes, during HFOV and HFJV. Time constants during
HFJV were increased when using the orifice plate without
compensation. The result of this phenomena was that the
final concentration of carbon dioxide in the lung model
increased. After the compensation for the pressure loss,
deterioration of carbon dioxide was not detected and the
system acted as it would without the orifice plate. For clini-
cal use of the orifice plate (as a flow sensor) is compensa-
tion of losses inevitable, but difficult for forecast. This plays
an important role during practical application in clinics.
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The effect of the orifice plate during high frequency ven-
tilation was not as evident as in the previous case with jet
ventilation. The embedded sensor caused only small chang-
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es in the time constants and did not affect the final concen-
tration of CO; in the lung model.
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Fig. 5 Values of the time constant (1) (A, B) and the final concentration of CO; (c) (C, D) for different variations of the carbon dioxide elimination experi-

t
ment. These values were found in the Matlab Curve Fitting tool. We smoothed the data using the function (1) c(CO,) = c¢* (1-e ). Goodness of fit (R?)

intervene between 0,9865 and 0,9994 for different variations of the experiment.

v. CONCLUSION

We came to the conclusion that ventilation parameters
such as flow, resp. tidal volumes, can be monitored by an
orifice plate in HFOV, because the orifice plate doesn’t
affect CO, elimination significantly. In HFJV there is a
considerable increase in the final concentration of CO;
when the orifice plate is used. Compensation for the loss in
pressure was effective but recognizing how to set up for it
in clinical practice could be difficult.
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Evaluation of the Electric and Magnetic Field near High Voltage Power Lines
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Abstract— The paper studies the magnetic and electric field
distribution around a Romanian high voltage overhead power
line. Different electrical and geometrical parameters are taken
into consideration: power line current load, sky wires, phase
wires conductor sag, positioning on electrical towers. Obtained
numerical results are related to the appropriate regulations re-
garding the human exposure to electric and magnetic fields.

Keywords— Electromagnetic human exposure, electromag-
netic field distribution; power lines; numerical modeling.

1. INTRODUCTION

Developments in technology and industry have simplified
human life. However, exposure to electromagnetic fields
(EMFs) by using electrical machines, tools, industrial instru-
ments, power lines, and communications devices has oc-
curred as a result of these technological developments and is
causing a threat to biological lives [1].

Since the late 1970s, questions have been raised whether
exposure to low frequency electric and magnetic fields pro-
duces adverse health consequences. As a result, much re-
search has been done, successfully resolving important issues
and narrowing the focus of future research. Several interac-
tion mechanisms are well established. These enable extrapo-
lation of scientific results to the entire frequency range and
wide-band health risk assessment. They have been used to
formulate guidelines limiting exposures to EMF in the entire
frequency range from static fields to 300 GHz [1, 2].

There are established biological effects from acute expo-
sure at high levels (above 100 pT) that are explained by rec-
ognized biophysical mechanisms. External low frequency
magnetic fields induce electric fields and currents in the body
which, at very high field strengths, cause nerve and muscle
stimulation and changes in nerve cell excitability in the cen-
tral nervous system. External low frequency (ELF) electric
fields similar to static electric fields cause redistribution of
electric charges within initially uncharged objects, and con-
sequently charging of the body surface, however, this time
oscillating. This leads to periodic electromechanic forces act-
ing upon charged hair and may lead to perception or even
annoyance. In addition, alternating electric charging may
cause periodic discharges at the body surface or to grounded
objects. These repetitive (micro-) electroshocks may also
lead to perception or even annoyance. In contrast to static

© Springer International Publishing AG 2017

fields periodic recharging induces intracorporeal electric cur-
rents and electric fields strengths which, if strong enough
may stimulate nerve and muscle cells. ELF magnetic fields
induce intracorporeal electric field strengths that according
to the induction law increase with frequency and cross sec-
tional area. Consequently, inside the body, the strength of in-
duced electric fields increases from zero at the center to the
maximum at the body surface [1, 3].

Most electric power operates at a frequency of 50 Hz or
60 Hz. Close to certain appliances, the magnetic field values
can be of the order of a few hundred uT. Underneath power
lines, magnetic fields could be about 20 uT and electric fields
could be several thousand volts per meter. However, average
residential power-frequency magnetic fields in homes are
much lower - about 0.07 pT in Europe and 0.11 pT in North
America. Mean values of the electric field in the home are up
to several tens of volts per meter [2, 4].

The growing public concern about this risk has led several
national and international bodies to set prudentially restric-
tive limitations on permitted exposure levels, even introduc-
ing concepts such as “attention levels” and “quality goals”
for the magnetic field component [3+7].

The 1999/519/EC European Council Recommendation
(EC, 1999) defines, in its Annex I, the basic restrictions and
reference levels for limiting exposure of the general public.
This had been added by the directive 2013/35/EU on occupa-
tional exposure to EMF. In accordance to EC (1999) and
ICNIRP (1998) restrictions on exposure to time-varying elec-
tric and magnetic fields that are based directly on established
health effects and biological considerations are termed ‘basic
restrictions’. The main national safety regulation concerning
human exposure to low frequency electromagnetic fields is
HG 1136 din 30/08/2006, issued by the Romanian govern-
ment [1, 3, 7].

Therefore, the International Commission on Non-lonizing
Radiation Protection (ICNIRP) [3] and the European Recom-
mendations [5] set the public exposure limit, for electric
fields to 5 kV/m, and to 10 uT in case of magnetic fields,
according to Table 1 (where f'is the frequency).

To respect these limitations, it is necessary to quantify re-
alistically the electromagnetic field environment associated
with electric systems, in particular electric power lines that
have the widest impact on the territory. Therefore, the current
paper studies electric and magnetic field distribution around
a Romanian high voltage power line, by numerical modeling
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and on site field measurements. Obtained results are related
to the appropriate regulations regarding the human exposure
to the electromagnetic fields

Table 1 Reference levels for general public exposure to time-varying
electric and magnetic fields (according to ICNIRP)

Frequency Electric field Magnetic Magnetic flux
range (KHz) strength, field density, B (uT)
E (V/m) strength,

H (A/m)
0,025 -0.8 250/f 4/f SIf

Due the fact that the accuracy of numerically estimated re-
sults depends upon the degree of detail used in simulations,
several electrical and geometrical parameters were taken into
consideration: power line current load, the presence of sky
wires, active conductors sag and positioning on electrical
towers.

1. ELECTRIC AND MAGNETIC FIELD ANALYSIS

The accurate 3D analysis of any electrical transmission
line requires a great amount of memory and computational
power. Therefore, usually simplified 2D cross-section analy-
sis is done to determine the magnetic and electric field distri-
bution around power line phase wires.

A. Evaluation of the magnetic field

The magnetic field is produced when an alternating cur-
rent flows through a conductor. Applying Biot—Savart law,
the magnetic field intensity A at point P produced by an infi-
nite straight conductor is expressed by [8]:

I —_
T aa ke [A/m] )

ﬁ:

where:
= [is the mean square value of the current flowing through
conductor;

= d is the distance from the conductor to observation point
P;

= u, is aunit vector in the g-direction.

Since the power line consists of more than one single ac-
tive conductor, the summation of the magnetic fields by each
phase wire current must be repeatedly calculated at the point
P. Fig. 1 shows the magnetic-field intensity produced by a
system of n carrying currents conductors ( /,,/,,...,/, ) in the

z-direction (perpendicular on the transversal cross-section
plan).
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Fig. 1 Magnetic-field intensity for a  active conductors system

For A.C. transmission lines, the line currents have sinus-
oidal variation with time at power frequency. Consequently,
the produced magnetic field in the vicinity of the power lines
also varies at the power frequency and phasor algebra can be
used to combine several components in order to yield the am-
plitude of the required field (horizontal and vertical vectors).
For a three-phase system with one conductor per phase (as in
our case), / current can be written as follows:

sin(wt + @)
-| sin(wt + ¢ —120°) (2)
sin(a@t + @ —240°)

[I]=1

m

The magnetic-field intensity at any point (X, y) produced
by current 7, can be computed using equation (3) [9]:

_l_ :L'(XP_X[).;)‘_()/P_yi).uy 3)
2z ('xP_xi)2+(yP_yi)2

where:

* Xx,and x,are the x-coordinates of the observation point
P and conductor i respectively;

= y,and y,are the y-coordinates of the observation point
P and conductor i respectively;

* u.and u, are unit vector on the x and y-direction.

The x-and-y components of the magnetic field intensity
in (3) are described in (4) and (5), while equation (6) com-
putes the total magnetic field intensity in the x and y-direc-
tions [10]:

I (xP—x.)
Hri:_l. 2 . 2 (4)
‘ 27 (xP_xi) +(yP_yi)
-1, (y _yi)
H,=—:" = (5)

2n (xP _xi)2 +(yP _yi)z
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th:Zn:Hxi Hyt:iHyi (6)
i=1 i=l1

where 7 is total number of current-carrying conductors.
Therefore, the magnitude of the total magnetic flux den-
sity B, (rms value) is:

Bt=/.l-vHx2t+H;t @)

where y is the magnetic permeability of the medium in which
the flux density is evaluated.

B. Evaluation of the electric field

To calculate the electric field under the power line, phase
conductors are considered as infinite line charges [11]. The
line charge densities of the phase conductors are calculated
using equation (8):

lol=[P]" [V] @®)

where:

= [Q] is a vector representing the line charge densities of
each power line conductor (phase wires and sky wires);

= [V] is a vector representing each power line conductor
potential regarding remote earth;

. [P] represents Maxwell’s potential coefficients matrix,

which can be computed using image charge method, equa-
tions (9) and (10) [12]:

B, - ;,(&J )
T 2omeg 8 7

1 di;
P, =———"In| (10)
Y 2meg, -8, d;

with: /; conductor i height, r, conductor radius, d,; and

d,.” ; the distance between conductor i and conductor j, re-

spectively conductor j image.

After the line charge densities are determined, the horizon-
tal and vertical components of the field, due to the three phase
conductors at the desired locations, are calculated separately
using equation (11) and (12) [13]:

; 1 1
Exi_q—'(xP_xi).|:;_D./2:| (11)

_2-7z-g,-go ;
.= qi . (yP_yi)_(yP+yi) (12)
" 2.meg, g, D} D}?
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where: D, and D, are the distances from conductor i, re-

spectively conductor i image to observation point P.

Fig. 4 shows the components of the electric field at the
observation point P(x,y) due to one phase conductor and its
image.

q -' 4
Fig. 2 Electric field produced by conductor i at observation point P

Resultant of horizontal and vertical components of the
field gives the total electric field at the desired locations as
shown in equation (13) [11]:

E = El+E2 (13)

E,=YE, and E, :iEyl. (14)
i=1

i=1

1. NUMERICAL EVALUATION OF THE MAGNETIC AND
ELECTRIC FIELD EXPOSURE

The investigated power line is a Romanian single circuit
110 kV overhead line. It is one of the main power lines that
connect Cluj county to Bistrita-Nasaud county, explicitly the
110/20 kV Dej substation to the 110/20 kV Nasaud substa-
tion (see Fig. 3).

Fig. 3 Dej-Nasaud 110 kV power line

To determine the magnetic and electric field distribution
by the above presented relationships, the chosen power line
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has been implemented in the Maxwell 14, dedicated field
analysis software, considering an R-S-T phase distribution,
as in Fig. 4:

Fig. 4 Numerical model of the studied geometry

Fig. 5 and 6 presents the electric and magnetic field distri-
bution around the power line, considering a maximum 105 A
symmetrical current load on each phase wire (20 MW), and
a 5.5m conductor sag:
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Fig. 5 Electric field distribution around power line (cross-section)
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Fig. 6. Magnetic field distribution around power line (cross-section)

For a more detailed analysis, the electric field values had
been extracted at 1.7 m and 0.7 m above ground (human me-
dium height and respectively sheep height) for different sep-
aration distances on both sides of power line axis (see Fig. 7).
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Fig. 7. Electric field values at 1.7 and 0.7 m on both sides of the power line

According to Fig. 7 even under power line phase wires the
imposed 5 kV/m electric field limitation for human health are
respected [3-7]. The asymmetry one side and another of
power line axis is as a result of the phase wires triangle posi-
tioning on pylons.
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Fig. 8. Magnetic field values at 1.7 and 0.7m for 52.2A current load

Fig. 8 highlights the magnetic field values at 1.7 m and
0.7 m on both sides of the power line axis for the minimum
recorded current load on phase wires, 52.5 A (10 MW).
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Fig. 9. Magnetic field values at 1.7 and 0.7 m for 105 A current load

Magnetic Field Values [pT]

Fig. 9 presents the magnetic field values at 1.7 m and
0.7 m on both sides of the power line axis for the maximum
recorded current load on phase wires, 105 A (20 MW). As it
can be seen, even for maximum current load on phase wires,
the imposed 10 uT limitation is not exceeded.
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1v. FIELD MEASUREMENTS

To test and validate the results obtained by numerical
modeling and simulations, magnetic an electric field meas-
urements have been made in open field between Floresti and
Mogosesti villages, (Bistrita-Nasaud county), more precisely
between pylon No.142 and No.143. The separation distance
between the two SCSI 161 type concrete pylons is 236 m,
and conductors sag varies with temperature according to ta-
ble 2 data:

Table 2 Conductors Sag Variation with Temperature

Opening
, s°C
Pylons | Distance 0°C | +10°C | +20°C | +25°C | +30°C | +35°C
: and frost
142-143 | 263m 038cm | 513cm | 530cm | 547em | 555¢m | 563cm | 571lem

The chosen measurement location is approximately at
600 m from a national road which connects the two villages
and it is intersected by the power line.

To determine the magnetic and electric field distribution
by the above presented relationships, the chosen power line
has been implemented in the Maxwell 14, dedicated field
analysis software, considering an R-S-T phase distribution,
as in Fig. 5:

The measurements were made on 10" of June 2013, from
10:00 am to 03:00 pm. The average temperature was around
+25°C. Therefore, a 555 cm conductor sag could be consid-
ered for phase wires. The electrical parameters of the power
line, provided by the system operator (SC Electrica SA) were
the following, during measurements:

= Power line voltage level: 112 kV;
= Power load: 11.2 MW;
= Current load on phase wires: 58 A;

This time, both magnetic and electric fields were meas-
ured at 1.7 m above ground, corresponding to human height,
using a more precise ESM—100 3D H/E field meter.
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Fig. 10. Magnetic field measurements with respect to separation distance.
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Fig. 11 presents the measured magnetic field along a
straight perpendicular line placed at midspan and respec-
tively in line with pylon 142, on the right side of the power
line axis. As it can be observed, due to the less current load
on phase wires, lower magnetic field intensity has been rec-
orded around the power line.

Also due to the presence of iron reinforcement, which con-
centrates the magnetic flux line inside the pylon, and due to
the bigger height of the phase wires, the magnetic field
around the pylon is much lower than at midspan.
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Fig. 11. Electric field measurements with respect to separation distance.

Fig. 11 presents the electric field values measured along a
straight perpendicular line placed at midspan and respec-
tively in line with pylon 142. The peak of the electric field
values for both cases it was recorded under phase R conduc-
tor, where the electric field produced by this conductor is
stronger and is not compensated by the electric fields created
by the two other phase conductors.

In order to examine the influence of conductor sag on the
electromagnetic field distribution, magnetic and electric field
measurements had been done along power line axis between
pylon 142 and 143 at 1.7 m above ground.

— along conductor span

Magnetic Field [nT]

] 30 100 150 200
Measurment point from pylon 142 [m]
Fig. 12. Magnetic field measurements along conductor span.

Fig. 12 shows the measured magnetic field values along
power line axis. The maximum field value was not recorded
at midspan point as an effect of the height difference between
the two pylons.
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Fig. 13. Electric field measurements along conductor span.

Fig. 13 presents the measured electric field along power
line axis. The irregularities on the measurements are as a re-
sult of existing bushes and soil bumps under the power line.

Analyzing the measured magnetic and electric field val-
ues, form Fig. 10+13, it can be observed that the measured
values are in the predicted variation range determined by nu-
merical evaluation Fig 7+9.

CONCLUSIONS

Overhead high voltage lines are sources of the electric and
magnetic fields of low frequency. Near the ground surface,
these fields cannot exceed values determined by ecological
and health regulations or EMC standards. According to the
above regulations, the considered fields should be estimated
during the power line designing.

In this paper, an analysis of the electromagnetic field
around a Romanian high voltage overhead line has been
done, taking into consideration the presence of sky wires, dif-
ferent current loads on phase wires and conductor sag. Elec-
tric and magnetic field values obtained by numerical simula-
tions has been compared to on-site field measurements along
power line axis, and along a perpendicular straight line
placed at midspan position and in line with a lifting pylon.

Both numerical simulation and on-site measurement have
confirmed that the produced electrical and magnetic field val-
ues are in the imposed limitation values and no risks are pre-
sent for biological life.
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Analysis of Pulse Wave during Magneto-Therapy Session
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Abstract— The aim of this study is to highlight the influence
of the therapy with magnetic fields of low-frequency on the
human body through the evaluation of the hemodynamic pa-
rameters during this type of physiotherapy sessions. Theraphy
using low-frequency magnetic fields is one of the procedures of
physiotherapy which brings a lot of benefits to the patients and
in this paper work we have demonstrated that there is a con-
siderable influence on the circulatory system. In a low-
frequency magnetic field, blood circulation to the patient im-
proves, the elasticity of the vessel walls is increasing, and the
concentration of oxygen in bloodcells increase with 200%.

Keywords— monitoring biomedical parameters, magnetic
theraphy, hemodynamic circulatory

1. INTRODUCTION

The energy from magnetic fields used for therapeutic
took a tremendous impetus nowadays, which is felt world-
wide. Magneto-therapy is a form of physical therapy that
uses low frequency magnetic fields energy, noninvasive,
being an effective remedy for treating a wide range of
rheumatology and beyond.[1]

The principle behind this therapy is that some cells and
tissues in the body presents electromagnetic pulses, which
in the case of diseases or disorders degrades. Magneto-
therapy works by producing different levels of magnetic
fields that can penetrate the human body, having healing
powers on him.[2]

Monitoring of cardiovascular parameters during magne-
to-theraphy session can provide information particularly
helpful to personalize medical treatment.[3]

II. STUDY OBJECTIVES

The evaluation of patients during magneto theraphy ses-
sion by monitoring biomedical parameters aims to detect
changes in functional status of the subject, and the activity
of the human body in the electrical, mechanical and magnet-
ic fields.

By measuring hemodynamic parameters we can obtain
useful clinical information about cardiovascular function of
the body.

Currently, this method of improvement and healing of
diseases attracted the attention of specialists, and the studies

© Springer International Publishing AG 2017

in this area has intensified proving real qualities of magnets
theraphy. However, research towards healing effects of
magnetic therapy is still in the early stage. The reason be-
hind the choice of the theme was the desire to bring more
studies dedicated to magneto theraphy and its effects on the
body.

The monitoring parameters during magneto theraphy se-
sion aims to highlight the influence of low frequency mag-
netic fields on human body by evaluating hemodynamic
parameters during this physiotherapy procedure.

Hemodynamic studies referes to the factors that maintain,
modify and regulate the movement of blood through the
circulatory sistem.

Blood flow (Q) is a fundamental hemodynamic parame-

ter, which is the volume flowing (4 V) through the unit time
(t) in section (D) [3]:
Q=2V/D*t (1)

The flow rate is a derived parameter, represented by the
cross-sectional area relative to the volume flow [3]:

v=D/S )

The structural and functional large arteries are vessels to
be conductive, while arteries and arterioles are resistance
terminal vessels. In turn, the veins are vessels through
which blood circulates capacitive under low pressure. Re-
gardless of the vascular territory, the movement of blood
through the blood vessels is determined by two main fac-
tors.

The difference pressure between the two ends of the ves-
sel (P1 and P2) as the biasing force and displacement of the
blood by the pressure within the high to the low pressure;

Many staff who resists blood flow, called vascular re-
sistance.

E‘ :__,_,_.-—?rassura (Gradisnt —_— ’,
.-’-- Y R T . Bloodflow
Fasistanes )

Fig.1 The expression of vascular resistance [3]

P1 is the pressure of blood vessel origin; at the opposite
end, the pressure is P2. Resistance occurs due to the friction
between the bloodstream and the intravascular endothelium
over the entire inner surface of the vessel. The flow through
the vessel can be calculated using the formula [3]:
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F=Ap/R (Ohm's law ) 3)

F is the blood flow, Ap is the pressure difference (P1-P2)
between the two ends of the vessel, and R is resistance. This
formula is in effect saying that blood flow is directly pro-
portional to the pressure difference, but inversely propor-
tional to resistance.

It is very important to remember, that the pressure differ-
ence between the ends of the vessel, is not absolute pressure
in the vessel, which determines the flow rate. For example,
if the press-united at both ends of the vessel is 100 mm Hg,
and there is no difference in pressure between the two ends
of vascular, there will be no flow though a pressure of 100
mmHg. [4]

When the body is under the influence of a magnetic field,
blood flow increases and the oxygen is absorbed into the
tissues. This is probably one of the mechanisms that helps
in healing and one of the reasons why it is helpful in so
many different diseases.

. RESULTS

Magnet has a great influence on our organism, this being
discussed and analyzed in numerous documents and publi-
cations. The research made so far to make a statement that
there is a series of variations in the human body signals
during magneto-theraphy session are highlighted by various
records during this procedure, and photoplethysmography is
one of the body signals who helps as to get information
from the circulatory sistem. For a more accurate assessment
of biosignals obtained from the pacient in this study we
have decided to record the photopletysmography before,
during and after magneto-theraphy session.

Venue of research is the Department of Medical Reha-
bilitation from the Hospital CF, lasi, department specialized
in all new methods of recovery and physical medicine,.

Magneto theraphy is the physiotherapy procedure chosen
for research. During this procedure we monitored the blood
flow parameters in patients that received therapy with low-
frequency magnetic fields due to their diagnosis of diseases
including the treatment procedure.

The device for magneto theraphy used in our study is a
product of Romanian origin, and consisting of two sole-
noids and two inductors coil that blur associated with the
following parameters:

Commonly 50Hz;

Intensity fixed: - 4 mT for cervical coil;

-2 mT for lumbar coil;
- 20 to 23 mT for locating coils.

The effects of therapy with low-frequency magnetic
fields device are:
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-to continues unmodulated form: sedative, sympathicolit-
ic, trophotrope;

-to interrupted form: excitatory, sympathicotonia, er-
gotrop.

The patient is placed in a comfortable position (supine)
on parallelipipedal component and placed in the magnetic
field by placing the coil with diametrically di largest in the
lower limbs. Jewelry and the metal objects are removed
from the patient.

Fig. 2 The position of the pacient in the magneto-theraphy device

Duration and stages of research

For research we monitored during the magnet therapy
procedure 37 patients with different diagnoses, in several
days (the monitoring was in at least one day and up to six
days).

4050 W 51-60 WE1-78

Fig. 3 Age repartition of the patients

For each pacient we recorded the biomedical signals us-
ing photoplethysmography before, in time and after the
magnto-theraphy session, obtaining a PPG (photoplethys-
mogram) and a APG (Acceleration PlethysmoGram) wave
form.

Dicrotic
tch
Systolic Peak / notcl
// Diastolic Peak
s,
Width v .

Fig. 4 A typical waveform of the PPG and its characteristic parameters,
whereas the amplitude of the systolic peaks is x while y is the amplitude of
the diastolic peak [5].

There are different types of APG waveforms. The first
APG waveform A (far left) refers to good circulation,
whereas the amplitude of B wave is lower than C wave. The
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last APG waveform G (far right) refers to distinctively bad
circulation, whereas the amplitude of C wave is lower than
B wave [5].

€ e

A
A P e P A A

Fig. 5 APG waveforms and types of photoplethysmogram [5]

After collecting all necessary data we have made an
analysis of results and graphical method was used to high-
light more clearly the level of every patient and its future
evolution.

Most indices are based on the second derivative of the
finger photoplethysmogram (APG) which seems to provide
more information than the first derivative of PPG. The indi-
ces calculated from the APG waveforms can be correlated
with the distensibility of the carotid artery, age, the blood
pressure, the estimated risk of coronary heart disease, and
the presence of atherosclerotic disorders

By interpreting the APG form we could decide in which
category of hemodynamic risk we can include our pacient.
For example in figure 5 we can observe that from the inter-
pretation of APG obtained during theraphy session, the
pacient is in a risk category and the blood circulation is
getting worse, because the blood pressure is increasing due
to the fact that the blood vessels wall narrows.

Type of APG waveform: [C]

It might appears when the blood circulation is getting pretty worse. Usually appears amang 40's to 50's

3]

[A] [E] D] [E] [G]

20's 30s - 0% 40's ~ 50's 5075 ~ 60 60s ~ T0's s - 80 05 -

Fig.6 The APG obtained during theraphy session to pacinet A.M.

For each age category we did records, as illustrated in
fig.6, fig.7 and fig.8 for wave APG:

i

Fig. 7 APG wave for pacients between 40-50 years
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Fig. 9 APG wave for pacients between 61-78years

As we can see from these three graphs, the age of the pa-
cient influences the APG wave form, because the elasticity
of the blood vessels is decreasing with age.

For all 37 subjects included in the research, were record-
ed four individual sheets with daily monitoring of their
biomedical parameters that enable better analysis and inter-
pretation of the evolution of each patient during magneto-
theraphy and at end of treatment.

The graphical representation of the variation in mean
heart rate (HR avg) of the entire group of patients undergo-
ing research:

‘o | N N ]
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Fig. 10 Change in HR prior magneto therapy session

Fig. 11 Change in HR in time of magneto- therapy session
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Fig. 12 Change in HR after magneto- therapy session
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As we can see from the statistical interpretation of the
obtained data, the blood circulation improved, evidenced by
regulating heart beat (HR).

Statistics.

Histogram

HR med
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Missing 0
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Median 8,00
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Fig. 13 HR mean before magnetoteraphy session
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Fig. 14 HR mean in time of magnetoteraphy session
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Fig. 15 HR mean after magnetoteraphy session

1v. CONCLUSIONS

Magneto-therapy, is one of the basic pro-cedures on
physiotherapy, and brings a lot of benefits to patients who
can enjoy this therapy, and as has been observed in our
study, the parameters from the circulatory system are modi-
fied, and helps on the healing of the pacient.

Photoplethysmography used as an objective method for
registration of biomedical parameters has failed to identify
magneto-theraphy impact on the human body. APG wave
illustrates the changes in hemodynamic parameters during
this physiotherapy procedure. This method of biomedical
signals recording, enabled better analysis of the impact of
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this therapy on the human body. Thus we have observed an
improvement in blood circulation, evidenced especially by
regulating heart rate.

In conclusion, we can say that the therapy with low fre-
quency magnetic fields is a safe, tackle low and surprising
benefits for treating various diseases. It is undeniable the
influence of magneto-theraphy to human body. Because of
the many indications in a wide variety of diseases and the
few contraindications, magnet should be one of the most
popular and most used methods of treatment both prophy-
lactically and therapeutically.
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Abstract-Pulmonary arterial hypertension (PAH) is a se-
vere, low survival and rapidly progressive disease, character-
ised by an increase in the distal pulmonary vascular resistance
and decrease in pulmonary compliance. The current standard
procedure for PAH diagnosis and therapy response assessment
is right heart catheterisation (RHC). Although if performed in
a specialist centre, the severe complications associated with
RHC are reduced, non-invasive alternatives are desirable.
Windkessel models have been previously proposed|[1], [2] to es-
timate the overall pulmonary system resistance and compliance.

The aim of this study was to evaluate whether the pulmonary
resistance and total vascular compliance computed using a
Windkessel model can be used to assess the therapy response in
PAH patients using MRI input data.

56 treatment naive patients, diagnosed with PAH at RHC,
underwent MRI of the main pulmonary artery (MPA) at base-
line and one year follow-up. A plug-in implemented in
MATLAB was used to segment the MPA images at baseline and
follow-up, extract the area and flow waveforms and compute
the values of the Windkessel model.

At follow-up, the computational results showed statistically
significant increase of the compliance, Cwk(p<0.05), and de-
crease in resistance, Rwk (p<0.01). Separated according to the
patient’s sex, the femalesub-group showed a statistically signif-
icant increase of the compliance (p<0.01) and decrease of the
resistance (p<0.01). However, the male sub-group showed sta-
tistically significant reduction of the resistance (p<0.05) but no
significant increase of the model’s compliance (p=0.19). When
separated upon patient’s age, younger patients (age<50 years)
showed statistically significant decrease of the Windkessel re-
sistance (p<0.01) and increase of the compliance (p<0.05), while
older patients (age>50 years) showed statistically significant re-
duction of the resistance (p<0.01) but no significant increase of
the Windkessel compliance (p=0.21).

The non-invasive proposed metrics have the potential to as-
sess the response to PAH therapy, reducing the RHC interven-
tions at follow-up.

Keywords— PAH, WindKkessel, non-invasive, follow-up, MRI
1. INTRODUCTION

Pulmonary hypertension (PH) is a condition defined by an
increased mean pulmonary arterial pressure (mPAP>25

© Springer International Publishing AG 2017

mmHg), measured at rest, by right heart catheterisation
(RHC).

According to pathophysiology, clinical presentation, and
therapeutic approaches, PH wasdivided at the Dana Point
congress into 5 groups [6] as follows: Group 1: Pulmonary
arterial hypertension (PAH), Group 2: Pulmonary
hypertension due to left heart disease (PH-LHD), Group 3:
Pulmonary hypertension owing to lung disease and/or
hypoxia (PH-Lung), Group 4: Chronic thromboembolic
pulmonary hypertension (CTEPH), Group 5: Pulmonary
hypertension with unclear or multifactorial etiologies. Only
group 1 (PAH) and group 4 (CTEPH) have a defined clinical
treatment, whereas for the other three groups, the optimal
treatment is not clear, being determined mainly by the
treatment of the underlying cause.

Pulmonary arterial hypertension (PAH) is a severe, low
survival and rapidly progressive disease [7], characterised by
an increase in the pulmonary vascular resistance (PVR) and
decrease in the compliance (C). Both are contributing to an
increase in the heart afterlod, leading to heart failure, which
is one of the most common death causes in PH[8].

According to the guidelines, once the PAH diagnosis is
established at baseline, a 6 to 12 months RHC follow-up is
recommended. RHC presents risks to the patient, including
bleeding, hematoma formation, vessel puncture, reaction to
the contrast dye, abnormal heart rate and, in extreme cases,
heart attack, stroke and death [9],[10]. Although the severe
complications are reduced when the procedure is performed
in a specialist centre[11], non-invasive methods for PH diag-
nosis and assessment are highly desirable to reduce the risks
and improve patient’s life quality.

A three element (R.-C-Ry) electrical analogue Windkessel
model was previously proposed by the authors [2] to estimate
the overall pulmonary system resistance and compliance
based on MRI flow and anatomy data and showed promising
results for differentiating between healthy volunteers, pa-
tients without PH and clinical patients with stratified PH.

The aim of this study was to evaluate whether the pulmo-
nary resistance and total vascular compliance computed us-
ing the Windkessel model (Fig. 1) can assess the therapy re-
sponse in PAH patients using MRI.
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1. METHODS

A. Patients

56 treatment naive patients, 32 women and24 men, diag-
nosed with PAH at RHC, underwent magnetic resonance im-
aging (MRI) of the main pulmonary artery (MPA) at baseline
and one year follow-up.

B. Right heart catheterization

RHC was performed via the internal jugular vein using a
Swan-Ganz catheter. PH was defined as mPAP > 25 mmHg
at rest with PAH being diagnosed when the pulmonary capil-
lary wedge pressure (PCWP) < 15 mmHg[12].

C. Magnetic Resonance Imaging

MRI images of the main pulmonary artery (MPA) were
acquired for all the subjects, under breath hold, using phase
contrast (PC) and balanced steady state free precession
(bSSFP) sequences. The two sets of acquired images were
co-registered in time (same number of temporal phases) and
space (same matrix dimensions) and were used to obtain sim-
ultaneous time varying flow and pressure (from the measured
radius as previously proposed [2]).The PC and bSSFP images
were spatially and temporarily synchronised, using the same
pixel size (256x 128 matrix dimensions, 480x288 mm FOV)
and same number of cardiac images (40). For the PC se-
quence a value of V= 150cm/s, 5.85 ms repetition time
(TR) 2.87 ms echo time (TE) and 10% arrythmia rejection.
For the bSSFP acquisition, a 3.73ms TR and 1.62 ms TE were
used.

D. Image processing

Using a semi-automatic registration based segmentation
method[13] implemented under ShIRT (Sheffield University
Registration Toolkit), the images were post-processed in
MATLAB(R2014a, The MathWorks Inc.) in order to extract the
MPA cross-sectional area and quantify the flow variation
during the cardiac cycle. The applied method is using an av-
erage image as a fixed image, as previously described in [14].

E. Windkessel model

The total vascular compliance and distal resistance were
estimated by optimising the electrical parameters of a three
element Windkessel model (R.-C-Rg), using as input MRI
derived flow and area waveforms. The Windkessel model of-
fers a global representation of the entire pulmonary circula-

IFMBE Proceedings Vol. 59

A. Lungu et al.

tion through the means of electrical analogy. The compo-
nents of the proposed electrical circuit are: the proximal re-
sistance, Rc, representing the characteristic resistance of the
main pulmonary artery (MPA), the total pulmonary vascular
compliance, C and the distal resistance, Rq, representing the
pulmonary resistance of the distal vasculature. The sum of
the two resistors is equal to the total vascular resistance and
it is referred in this article as the Windkessel resistance, Rwk
(Rwi=Rc+Ry). The computation method, proposed in [2], re-
turns the best set of electrical parameters that minimizes the
cost function between the measured and model computed
pressure (radius used as surrogate) waveforms.

Fig. 1 The three element Windkessel model (R.CRy) used for the anal-
ysis of the pulmonary circulation in PAH at baseline and follow-up

A graphical user interface (GUI) was implemented in
MATLAB to integrate the segmentation of the MRI images,
computation of the area and flow waveform and the optimi-
zation of the Windkessel parameters. The plug-in allows the
user to upload the MRI images, perform and correct the seg-
mentations and compute the Windkessel parameters.

F. Statistics

IBM SPSS 20 (SPSS, Chicago,IL) was used for statistical
analysis and GraphPad Prism 6.0 (San Diego California
USA)was used for data presentation.

The normality condition was tested by visual inspection of
histograms and confirmed by the Shapiro-Wilk normality
test. Since the normality condition was violated, the non-par-
ametric Wilcoxon statistical test for 2 related samples was
applied. A p-value<0.05 was considered significant for all
statistical tests.

1. RESULTS AND Discussion

The RHC baseline hemodynamic data according to pa-
tient’s sex is displayed in Table 1. No statistically significant
differences were found between any of the measured metrics,
evaluated using independent group Mann-Whitney U non-
parametric test.
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Table 1 RHC hemodynamic data for the analysed cohort, according to pa-

tient sex

F, n=32 M, n=24
age, y 52 59
mPAP, mmHg 52 +13 50+11
CO, /min 4.6+1.3 4.5+1.1
PVR, WU 10.2 +4.5 8.2+3.1

The Wilcoxon signed-rank test was used to evaluate the
baseline to follow-up differences between the Windkessel re-
sistance (Rwk) and compliance (Cwy). The results for the en-
tire cohort (n=56), showed statistically significant increase of
the compliance, Cwi(p<0.05), and decrease of the resistance,
Rwi (p<0.01).

Separated according to the patient’s sex, the female sub-

group showed a statistically significant increase in pulmo-
nary compliance (p<0.01) and decrease of the resistance
(p<0.001). However, the male sub-group showed statistically
significant reduction of the resistance (p<0.05) but no signif-
icant decrease of the model’s compliance (p=0.19).
The mean values for the Windkessel resistance and compli-
ance at baseline and follow-up, together with the p-value re-
turned by the statistical signed-rank test are displayed in Ta-
ble 2. The Cwk metric increased at follow-up for 75% of
women (24/32) and for 63% of men (15/24). The Rwimetric
decreased at follow-up for 81% of (26/32) women and 67%
(16/24) of men. In one female patient, the Rwi metric re-
mained constant, while for other two women, the increase
was only of 1%.

Table 2 Changes in the non-invasive computational pulmonary resistance
and compliance at follow-up in PAH naive patients, separated based on sex

parameter F, n=32 M, n=24

base- follow p base- follow p

line up value line up value
RWk7
mmHg 0.88 0.57  <0.001 1.21 0.74 0.04
s/ml
Cwi, 0.69 1.06 ~ <0.001 1 0.92 0.19
ml/mmHg

Separated upon patient’s age, younger patients (age<50
years, n=19) showed statistically significant decrease of the
Windkessel resistance (p<0.01) and increase of the compli-
ance (p<0.05), while older patients (age>50 years, n=37)
showed statistically significant reduction of the resistance
(p<0.01) but no significant decrease of the Windkessel com-
pliance (p=0.21).
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The scatter plot from Fig. 2 shows the distribution of the
changes in the Windkessel resistance and compliance be-
tween baseline (Rwii and Cwki) and follow-up (Rwieand
Cwi2) in PAH patients separated according to their age and
sex. The figure was divided in four, by two dotted vertical
and horizontal lines, marking no change in the Windkessel

compliance and resistance at follow-up.

Change in the Windkessel distal resistance and compliance from
baseline to follow-up in PAH patients according to sex and age
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Fig.2 The distribution of the changes in the Windkessel resistance and
compliance from baseline to follow-up in PAH patients separated
according to their age and sex.

Considering that a lower resistance and a higher compli-
ance at follow-up are suggesting an improvement in the heart
afterload and of the patient’s condition, it can be argued that
the patients found on the top-left panel of Fig. 2 are doing the
worst, while the patients from the lower-right panel are doing
the best at follow-up. It can be noticed from the figure, and
confirmed by Table 2than most of the patients have a lower
resistance at follow-up, while a smaller number of patients
were improving their Windkessel compliance.

Separated according to patients’ age and sex, the results
indicated that younger patients (light colors) are mainly po-
sitioned in the lower-right side of the graph. Additionally, the
proportion of female patient found in the area suggesting fol-
low-up improvement is higher than the male patient propor-
tion. A study of Gabler et al. [3] concerning the response to
therapy according to patient’s race and sex, showed that fe-
male patients have better outcome following PAH treat-
ment.Jacobs et al.[15] showed that although male and female
patients had similar reduction in PVR at one year follow-up,
the female patients had a better improvement of the ventric-
ular functions. Similar findings were also noted by Swift et
al. [16] in patients withidiopathic pulmonary arterial hyper-
tension (IPAH). According to these studies, although PAH is
prevalent in female patients, male patients have a worse ther-
apy outcome. This idea is often referred clinically as the “es-
trogen paradox” [17], suggesting that the female hormone
might favor the PAH development, but it also might have a
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positive influence on the response to treatment.Several pul-
monary hypertension registry studies [4], [5] have been
shown that age isalso an independent marker of poor outcome
in patients with PAH. In the study of Benza et al. [5], male
patients over 60 years of age were revealed to have a worse
outcome than female patients regardless of their age, while
the study of Ling et al. [4]showed that patients younger than
50 years old had better survival comparing to older patients.

v. CONCLUSIONS

These results are in agreement with previously reported
invasive findings[3],[4], [5], suggesting that the non-inva-
sively computed resistance and compliance could be used for
the PAH assessment, in order to reduce the frequency of the
RHC interventions at follow-up
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Thermal Rehabilitation Influence upon the Comfort in Hospitals

A. Abrudan, T. Rus and R. Mare

Technical University of Cluj-Napoca/Building Services Department, Cluj-Napoca, Romania

Abstract— In Romania, most of the hospitals still have a rel-
atively low level of thermal insulation, thus inside of building
the microclimate conditions are continuously deteriorating, due
to vapors condensation producing also an increase in heat
losses, energy consumption and operational costs.

The rehabilitation and modernizing can be applied success-
fully using energy efficient methods together with latest materi-
als and technologies.

The rehabilitation solutions are strictly binding to the re-
quired level of comfort required by a certain area, its occupancy
pattern, its geographical location (urban or rural areas, etc.),
etc.

The thermal rehabilitation of hospitals buildings is a must in
order to achieve the required interior microclimate conditions,
increase the degree of environmental protection and reducing
operational costs, regarding as well the investment costs in-
volved.

A special attention has to be given to the interior microcli-
mate conditions required by the hospital specific activities con-
ditions which are different compared to other buildings.

This paper intends to present some of the possibilities to im-
prove the thermal protection, the measurements being per-
formed on a wall structure used for the construction of most
hospitals in Romania, and for the thermal insulation two of the
most used materials have been considered. The results of meas-
urements have been processed through a mathematical model-
ling software, and the conclusion are demonstrating the need to
reduce or eliminate the thermal bridges of any kind, especially
in the intersection zone of building elements and around the
openings for windows and doors in order to ensure optimal ther-
mal comfort.

Keywords—Hospitals, thermal comfort, thermal rehabilita-
tion, condensing, numeric modeling.

1. INTRODUCTION

Thermal Comfort as explained by the BS EN ISO 7730
[6] is “Thermal comfort is that condition of mind which ex-
presses satisfaction with the thermal environment”. Due to
considerable individual differences, it is impossible to define
a thermal comfort (not only air temperature) that will satisfy
everybody, those individual parameters will help ultimately
to define the “human thermal environment”. The effort made
by the human body to maintain the functional equilibrium
may be severely influenced by excessive conditions, having
negative influence upon human health.

© Springer International Publishing AG 2017

As it establishes a dual link between external thermal pa-
rameters and the human body capacity of self-regulation
(heat gain or loss) the thermal comfort comprises two com-
ponents: one is physiologic and the other is economic (in-
creases work productivity).

1. CONSIDERATIONS REGARDING THE MAIN PARAMETERS
INFLUENCING THERMAL COMFORT

Those parameters can be divided in two categories:

1. Environmental parameters:

-radiant temperature,

- air temperature,

-air humidity,

-air velocity.

2. Personal parameters:

-clothing insulation,

-metabolic heat (the metabolic rate allows the thermal risk
evaluation in relation with the activity level, age, sex, gender,
body weight)

Fig.1 The main parameters influencing the thermal comfort

The human being is homoeothermic, having a complex
thermal-regulation capacity, maintaining a relatively con-
stant temperature (< 37 °C), independent of the variation of
the surrounding climate conditions, provided that the varia-
tion is not an excessive one.

Where the variations are important, the human body ca-
pacity of self-regulation is exceeded, therefore it is necessary
to use additional measures to restore the thermal equilibrium,
like adequate clothing and climate control using heating, ven-
tilation and air-conditioning systems.

The human body maintains its thermal balance through:
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* Modifying the metabolic rate, namely the heat produc-
tion — chemical regulation;

e Regulation of heat loss through physical mechanism like
radiation, convection, conduction and vaporization — physi-
cal regulation.

When exposed to cold environment the heat loss regula-
tion is being made mainly through chemical regulation,
whereas when exposed to heat the regulation is being made
physically.

Obviously those processes are not exclusive but compen-
sate each other.

A remarkable progress related to the global evaluation of
the hygro-thermal comfort is achieved through usage of the
Fanger equation [8] (rectified by Olesen) which is based on
the thermal balance of human body, starting from the equality
between the heat produced by the body and the heat ex-
changed with the environment.:

S=M+W=+R+C+K-E-RES (1)

where:
S represents the heat accumulated by the body;
M - Metabolic heat production;
W - External mechanical power;
R, C, K — heat exchange through radiation, convection, con-
duction;
E, RES — heat loss through sweat and respiration.

i l&

Fig.2 Thermal balance of human body

Considering the case of dressed people, the thermal bal-
ance becomes a double equation:

M £ W -E -RES = +Kjnp = +R +C )

where Kimp is the heat passing through clothing.

This double equation is based on the equality between the
metabolic heat produced added or subtracted by the heat lost
through mechanical power, sweating and breathing and the
heat received or given to the clothing respectively to environ-
ment through radiation and convection. The conduction com-
ponent has a negligible value therefore it will not be taking
into consideration.

The variables of Fanger’s equation will be briefly ex-
plained below:
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® M is the energy released into the body through oxidation
processes, which is partially converted into mechanical
power (W) but mainly into internal body heat. The value of
M may suffer variation between 45W/m? skin surface, in
resting state, and 500 W/m? for running man. Metabolism is
being expressed in “met*; 1met =58.15W/m? being defined
as the metabolism of a person during resting. The literature
is specifying the values of M for different activities.

¢ External mechanical power W may be positive or nega-
tive. If the energy is used by the human being for a certain
activity then W >0, and if the energy used is transformed into
heat (muscles for example) then W <0.

o The heat lost through evaporation (sweat) E may be ex-
pressed as :

E=E¢+Ee [W/ml] 3)

where:
Ea - heat lost through water vapor diffusion through skin
[W/m?] or insensible perspiration:

Eq=3.05*107 (ps -p,) =3.05 *107° (256T,-3373-p)  (4)

ps — saturated water vapor pressure at the skin temperature
(Ty) [Pal;
pv - water vapor pressure in the environment [Pa].

This component (Eq) is being permanently produced and
it is not controlled by the human body thermo-regulation sys-
tem.

E« — is the heat lost through evaporation of sweat on the skin
surface [W/m?].

Component (Ey) is has large variations conditioned by
the physical activity from 0 W/m? during rest, to a maximum
of 400W/m?, during high physical activities, in a warm and
dry environment; it is mainly influenced by the environmen-
tal temperature and its relative humidity.

® The heat lost through respiration RES is due to the fact

that the temperature of exhaled air (cca. 34°C) is generally
higher than the one inhaled and more humid as well.

RES = 0.0014M(34-T, )+ 1.72 *10°°M(5867-py ) [W/m?] (5)
where:

M — metabolism rate [W/m?];
T,= environmental temperature [°C];
pv= inspired water vapor pressure [Pa].
Generally for normal activities, at T, =20°C , RES =2+5
W/m? therefore negligible.
o The heat lost through conduction through clothing Kimn
[W/m?] is:
T —T. T —T

P imb T p imb

Kimb = -
0.155R, R

imb

[W/m’] (6)

where:
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Tp— skin temperature [°C];

Timb— clothing surface temperature [°C];

Ra — clothing thermal resistance in “clo”, lclo = 0.155
m’K/W;

Rimb — clothing thermal resistance in [m?K/W].

Heat exchanged by the body through radiation “R”
[W/m?] between the body surface and environment is being
calculated using Lambert, Stefan-Boltzman and Kirchhoff
laws.

® Heat exchanged by the body through convection “C” due
to the surrounding air flowing on the body surface. It is being
calculated using Newton law where the thermal transfer co-
efficient through surface o,y results from using the phenom-
enon analysis and using criteria formulas obtained from the
theory of similitude related to the fluid flow.

1. EXPERIMENTAL TESTS AND DISCUSSIONS

To ensure the optimal thermal comfort conditions in hos-
pitals is necessary to solve problems one set of environmental
factors and specific humidity.

The measurements and their interpretation have been
made for a hospital building with the structure mono-layer
from bricks BCA-GBN 35, 40 cm thickness bound with mor-
tar M 25, and plastered internally and externally with M 50
mortar having a thickness of 1 cm respectively 2 cm (A) and
two alternatives for externally mounted thermal insulation,
respectively expanded polystyrene with 15 cm thickness(so-
lution1) (B) and mineral wool G.100 in rigid plates protected
with polyethylene foil with 0.15 mm thickness (final thick-
ness15 cm)(solution 2)(C).

The comparison criterion is the overall behaviour related
to hygro-thermal parameters. Also, it is obvious that achie-
ving higher efficiency levels, it is required to make a correla-
tion between the thermo-physical features, their dimensions
and their construction, but also the disturbing elements (ther-
mal bridges, air infiltration, etc.)

Because the marginal influence on the occurrence of con-
densation is minimized, a 60x60 cm perimeter was defined
for each of the three segments of the analyzed panel, centered
on the transverse axis of each segment. Table 1 shows the
risk of condensation expressed through maximum allowable
relative humidity of the interior air, for prevention of the in-
terior surfaces’ condensation.

The risk of condensation is less as the value of maximum
allowable relative humidity is higher.

An optimal solution for building thermal protection has to
be established, prior to rehabilitation in order to ensure opti-
mal thermal comfort. Therefore, the measurements of 3 panel
segments have been numerically modelled [7]. The numeric
modelling allows both the influence analysis of the various
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external factors and optimizing the technical solutions for
closing elements.

Table 1 Maximum allowable relative humidity of interior air, adjacent to
internal surfaces

Average tem- | Average tem- Maximum

perature of perature of air allowable

Panel segment the interior adjacent to relative hu-

surface the area midity
[’C [°c] [%]
(A) 15.3 17.6 86.4
(B) 18.1 19.1 94.0
©) 18.4 19.0 96.4

Modelling involves the input of several material types,
their dimensions and heat loads. The software [7] allows in-
puts for punctual or surface heat loads and tempe-ratures and
convection loads (temperatures and conductive transfer coef-
ficients). The software used for numerical modelling is a
meshing and automatic data input, writing programs of ele-
mentary equations, their assembly into the overall system and
solving the obtained data. Thus, on the existing and studied
structural frame, the simulation was done with the use of two
types of externally mounted thermal insulation where the in-
door temperature is Ti=20 °C and the outdoor temperature is
T.=-15°C.

The results achieved for the base structure and solution 1
are shown in figure 3.

The results for base structure and solution 2 are shown in
the figures 4, 5 and 6.

Comparing the two alternatives where the structure is
identical, but the thermal insulation is composed of expanded
polystyrene and the second one in mineral wool plates, hav-
ing the same thickness, it can be noticed that for the same
building and same temperature conditions, the density of
thermal flux is almost identical, with a difference of 0.2 %.

Fig.3 Detail with areas with maximum flux density
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Fig.4 Equal thermal flux for the considered section
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Fig.5 Equal density thermal flux lines for the considered section
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Fig.6 Equal density thermal flux lines for the most unfavorable area at the
junction between the window and wall

The maximum value for the thermal flux is in both cases in
the same sections (at the joining between wall and window
frame). Variation of the lines of equal thermal flux density
is obvious in the jointing areas between the building structure
(external wall) and windows. The maximum values, for the
solutions 1 and 2 are 147.80 W/m? and 144.64 W/m? respec-
tively’ with a 3% difference.

1v. CONCLUSIONS

1. It is absolutely necessary to improve the thermal behav-
ior of the building elements which are composing the build-
ing envelope in order to reduce the heat losses and avoiding
to the extent possible the condensation.
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2. The maximum allowable relative humidity is higher,
the lower is the risk of condensation. For the studied materi-
als, the highest value of allowable maximum relative humid-
ity is for the mineral wool (2.1 % higher than the expanded
polystyrene). Considering this criterion only, it has been con-
cluded that the optimal solution is the one with mono layer
brick masonry and thermal insulation with mineral wool.

3. The lines of equal thermal flux density are showing its
variation for the studied structure. This change in the lines
shapes is obvious in the intersection areas between the con-
struction elements, around the windows and doors openings,
and where the material properties are different. In those areas
the thermal flux density is the highest, with a 3% difference
between the two insulation solutions.

As a conclusion, it is obvious that from the thermal point
of view, there is a major need to eliminate or reduce at its
most the presence of thermal bridges, especially in the inter-
section areas and around the windows and doors in order to
ensure the thermal comfort in the buildings with a structure
and insulation similar to the studied ones.
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Modelling the Passive Behavior of the Nervous Cell. Influence of Electric
Parameters Variation
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Abstract — The main role of nerve and muscle cells is to con-
tribute to the electrical impulses conduction, known as action
potentials. In conditions of very weak excitation, under the sen-
sory threshold (subliminal), passive waves are propagated along
the cells. In the case of nerve cells, the time and space variations
of the membrane potential occur at the axon level, subjected to
the action of stimulus with the low intensity, below the neuronal
excitability threshold, or in the dendrites, which receive synap-
tic signals from other neurons.

The paper will analyze the propagation mechanism of pas-
sive wave (of the transmembrane potential) along nerve fibers
with known geometry and electrical properties.

Keywords — Transmembrane potential, Passive waves, Sub-
threshold response of the nerve fiber, Electric parameters vari-
ation.

1. INTRODUCTION

The cell remains in polarized (passive) state, as long as
there is no action exercised by any external factor, in order to
disturb the balance of the membrane (the so-called rest state)
[1], [2]. These external factors that can cause depolarization
of the membrane cell are called stimuli or stimulus factors.
Their action is called stimulation. Artificial stimulation of ex-
citable tissues is an important tool in restoring muscle and
nerve functions lost due to different accidents [3], [4]. The
stimulation is also important in cardiac defibrillation [5].

The membrane cell depolarization is initiated locally, on a
small area, by an electrical process (the value of the trans-
membrane potential changes). The increase of the transmem-
brane potential value above a certain threshold to the rest
level, triggers depolarization of the cell membrane in the
form of an impulse, called action potential. The response of
the membrane is characterized by a sudden initial increase of
the transmembrane potential; it reaches a maximum followed
by a slow return to its resting value [1], [2].

In this paper, the propagation mechanism of the passive
waves (the transmembrane potential) along the nerve fibers
will be analyzed. The geometrical and electrical properties of
the fiber are known. We also consider possible inhomogene-
ity’s of the membrane cell; these will be modeled by varying
its electrical parameters along the nerve fiber. This variation
has a significant influence on the membrane response during
stimulation of the nerve fiber, which can lead to changes in

© Springer International Publishing AG 2017

transmembrane potential, e.g. modification of the nervous
excitability threshold.

1. THEORETICAL BACKGROUND

From the electrical point of view, the cell behaves simi-
larly to a coaxial cable: the core conductor of the cable is the
cytoplasm, with good electrical conductivity; the membrane
is an insulator coaxial layer and the external environment (in-
terstitial fluid) is a coaxial conductor new layer, with a higher
electrical conductivity than the cytoplasm, but with the same
order of size [6], [7]. In order to model the electrical proper-
ties of the nerve fiber we will use the well kwon cable equa-
tion that modeled the electrical properties of the nerve fiber
[1], [6], [8], [9]- The solution of the passive cable equation
provides a direct determination of membrane voltage, so the
passive cable model specifies the behavior of the membrane
in subliminal state [1], [6], [8], [9].

The nerve fiber is considered infinitely long, and it can be
approximated by an electrical network made up of resistive
and capacitive elements each compartment of the cable hav-
ing the same length — Fig. 1 [1], [6], [8], [9]. The output of a
section is the input for the next section. Electrical network
modeling the axon is similar to a two-conductor transmission
line [6].
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Fig. 1 The electrical circuit of the passive cable for the nerve fiber [6]
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The quantities from the model are:

- [; the longitudinal current from the intracellular medium
[HA];

- i the total transmembrane current per unit length of the
fiber [pA/cm];

- V.= -65 [mV] the resting potential of the membrane.

Knowing the values for the resting potential, the mem-

brane capacitance per unit area - C,=1.0 [uF/cm?], the axo-

plasma resistivity - ©;=0.0354 [kQ-cm], the specific re-

sistance of the membrane - R,=0.0354[kQ-cm?] and the fiber

radius - a=0.005[cm], we will compute the following param-
eters of the membrane per unit lenght:

¢, =2maC,, =0.0314 [uF/cm]
R
I, =—= =106.0926[kQ-cm] (1)
2na
R.
= —=2202.704 [kQ/cm]
ma

The transmembrane voltage of an excitable cell is defined
as the difference between the electric potential of the inner
surface of the cell membrane, V;, and of the outer surface, V..
The outer surface of the membrane potential is considered as
a reference potential (V. = 0). Therefore, instead of the con-
cept of the transmembrane voltage, we will use the term of
transmembrane potential or membrane potential.

The equation that describes the variation of the membrane
voltage (transmembrane potential) in time and space is [1],

(61, [8], [9]:

328 Ym_m _y g 1)

2 rm . .
, where A~ = -, A=0.1294[cm] is the spatial constant of

1
the fiber and 7 = 7,,c,, = 3[ms] is the time constant. Using

the above equation, it can be described the membrane voltage
variation along the fiber below the depolarization threshold.

1. ELECTRICAL STIMULATION MODELING OF THE NERVE FIBER

A. Stimulus represented by an impulse current

In order to study the behavior of passive nerve fiber, the
fiber is intracellular stimulated at x=0 (the left extremity),
with a current source. At the right extremity of the fiber the
transmembrane potential is set to zero. The passive wave
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propagation from the stimulated electrode (left extremity) to
the opposite side, must be characterized through time repre-
sentation.

Figure 2 shows the train of impulses used to stimulate the
nerve fiber. We will consider three excitation pulses and an
inhibitory one. The impulses have the same length but differ-
ent amplitudes. Duration of stimulation is 40 [ms], and the
time step is 0.004 [ms].

Fig. 2 The train of impulses used to stimulate the nervous fiber

The time variation of the transmembrane potential was
studied using an electrical circuit analysis program. The elec-
tric circuit of the fiber is illustrated in the Fig. 3. The length
of the fiber is L=2[cm] and the electric cable is composed of
10 compartments.

1t

Fig. 3 The equivalent electrical circuit of the fiber

From the simulation analysis — Fig. 4, one can notice that,
when an inhibitory impulse is applied, the value of the trans-
membrane potential becomes negative; this represents the ar-
eas where the membrane is hyperpolarized (inhibition of the
nervous impulse). Also, the transmembrane potential rapidly
decreases along the fiber (V(1)>V(2)>V(3)>V(4)>V(5)).
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Fig. 4 Time variation of the transmembrane potential.
(Representation is made for the first 5 compartments of the cable.)

B. Stimulus represented by the transient current from the
RLC series circuit

The stimulation circuit can be modeled through a series
RLC circuit, working in transient regime. Considering the
coil inductance L =0.165 [mH], the capacitance C =200 [uF]
and the resistance R = 3 [Q], knowing that the damping factor

is w= — =9.091[ms"'] and the pulsation w>=

=7.235[ms'], the circuit works in

: R’
overdamped regime, because — > ——. The waveform of
2L LC

the current through the coil is represented in Fig. 5.

Fig. 5 The current pulse generating the nerve fiber stimulation

The current pulse generated by the RLC series circuit, de-
termines the stimulation of the nerve fiber and the transmem-
brane potential changes. The stimulation is excitatory or in-
hibitory, depends on the stimulus applied.
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For a lower intensity of the applied stimulus, the trans-
membrane potential will not reach the threshold value, and
the membrane is not activated.

To describe the subliminal behavior of the fiber inside the
tissue, we will use the passive cable model. The electrical cir-
cuit representing the nerve fiber is shown in Fig. 6, having
the same finite length L = 2 [cm], and the cable was still con-
sidered to be composed of 10 compartments. One ca see that
the stimulus is not apply at one end of the fiber as in the case
described in paragraph A4, but in the middle. The necessary
stimulation signal is taken through a current source con-
trolled in current. The amplifying of this source is considered
unitary.

Fig. 6 The equivalent circuit of the nerve fiber; stimulation impulse is
generated by a series RLC circuit, working in transient regime

The response of the membrane cell is shown in Fig. 7 and
represents the transmembrane potential determined on each
section of the cable.

Fig. 7 The subliminal response of the nerve fiber

One can easily notice that at the 5 level, where stimulus is
applied, the transmembrane potential has the highest value,
decreasing gradually as the intensity of the stimulus de-
creases.
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Three-dimensional representation of the transmembrane
potential, V,,, as a function of space and time along the nerve
fiber, is illustrated in Fig. 8.

]

% [em]

Fig. 8 The transmembrane potential variation

V. INFLUENCE OF THE ELECTRIC PARAMETERS VARIATION OF
THE MEMBRANE CELL OVER THE NERVE FIBER RESPONSE

In the simulations, the properties of the membrane cell
were considered to be uniform along the fiber. Further on, we
will consider possible inhomogeneities in the membrane cell,
shaped by varying its electrical parameters along the nerve
fiber [9]. This can have a significant influence over the nerve
fiber response during stimulation and will lead to changes in
transmembrane potential, with the possibility to modify the
nerve excitability threshold [11], [12], [13].

The modified parameters’ of the membrane cell were ¢,
rm, $1 ¥i. These parameters were varied in a range of 2-20%
from the initial value: for example r; =1 +£2%-1 ,
L, =1 6% 1, 13 =1, £10%- g etc. First, we began with the
change, in turn, of the value of each parameter and studied
how this will affect the value and pulse shape of the trans-
membrane potential.

From figure 9, one can see that the change of the axial in-
tracellular resistance value per unit length, will lead to a
slight decrease in transmembrane potential, compared to the
model with constant parameters.

Next, we study the effect of the resistance and capacitance

variation over the time distribution of the transmembrane po-
tential — Fig. 10 (a) and (b).
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The variation of the r,, and c¢,, leads to different effects on
the cell membrane behavior, under subliminal conditions.

The membrane resistance variation leads to a decrease of
the transmembrane potential value compared with its initial
value, when r,, was constant along the nerve fiber.

On the other hand, changing the membrane capacitance
along the nerve fiber leads to a potential increase of the V,
amplitude, compared to the case when the parameter was
constant.

The most significant variation of ¥, can be observed for
the variation of ¢, the transmembrane potential increases
about 4 [mV] to the case of constant parameters.

Simultaneous modification of these three parameters, de-
termines a higher value of the membrane potential V;, = -44.5
[mV] compared to the case when the cell membrane proper-
ties were uniform throughout the fiber V,, = -47 [mV] — Fig.
11.

Wi i perasmerdl uerisind

|'-_|"'1 O ATl DA |

A [

t s

Fig. 11 Transmembrane potential resulting from the simultaneous variation
of the three parameters of the cell membrane - compared with the model
with constant parameters

Figure 12 shows the time variation of the transmembrane
potential V,,, as a function of distance along the nerve fiber,
computed using the Matlab software.

When the stimulus intensity is below the threshold, the
nerve fiber behaves passive and the membrane voltage local
growth, determined by the stimulus, is dissipated very
quickly. Comparing the chart below — Fig. 12 - with that of
Fig. 8, one can notice an increase in the value of V,, with
about 6%.
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v. CONCLUSIONS

Knowing the effects of the stimulation mechanism on the
neural structures provides a better understanding of how to
realize the nervous excitability. In this paper we studied the
behavior of the nerve fiber in subliminal regime, and we an-
alyzed the propagation mechanism of the action potentials
along the nerve cells.

The nerve fiber was electrically stimulated using both a
train current pulse and a current impulse generated by a RLC
series circuit working in overdamped transient regime.

For the stimulation with the train of impulses, we used
both excitation and inhibition impulses, that leads to signifi-
cant changes in the amplitude of V.

By applying an inhibitory pulse, V, takes values lower
than -65 [mV], this being the area where the cell membrane
is hyperpolarized or zones of inhibition of nerve impulses.

The arecas where the membrane potential has values
greater than -65 [mV] represents the depolarization areas,
these are stimulation areas.

Also, in this paper, we analyzed the influence of the mem-
brane electric parameters variation on the transmembrane po-
tential (nerve fiber response). There is an increase up to 6%
of V., when the cell membrane parameters vary, compared to
the case where they are kept constant.
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Simulation of Teeth Movement in the Case of Orthodontic Treatment Procedures
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Abstract— In this paper, the authors propose an original
method for the simulation of the teeth movement in the case of
orthodontic treatment procedures. In this approach, the ortho-
dontic treatment procedures are considered medical processes
being modeled using mathematical functions. The proposed
mathematical solution is a general one due to the fact that it re-
mains valid for both the rotation and roto-translation move-
ment. For the implementation of the obtained mathematical
model, in order to be simulated, a procedure based on transfer
functions is used. The main objective of the present research ac-
tivity is to open the premise of the apriority approximation
through simulation of the orthodontic treatments duration.

Keywords— Simulation, orthodontic treatment, transfer
function, medical process, distributed parameter process.

1. INTRODUCTION

The orthodontic treatment [1] consists in the application
of external forces to the teeth in order to imply their move-
ment. One of the most challenging research directions in Or-
thodontics is referring to the precise approximation of the du-
ration of the orthodontic treatment. This problem is a very
difficult one, due to the fact that the mathematical model of
the teeth movement process (which is a medical process) is
hard to be obtained. The main explanation of the previous
remark is due to the fact that the structure parameters (time
and length constants) of the biological tissues vary from a
person to another one. In this contest, we consider that the
approach of the modeling-simulation problem of the medical
orthodontic process is an appropriate one.

In this paper, the case of using the dental braces with a
high level of elasticity is considered. Also, as case study, the
movement process associated to a central incisive is consid-
ered.

11. THE THEETH MOVEMENT PROCESS

In order to describe the teeth movement process, the ex-
ample from Fig. 1 is considered. The significance of the no-
tations from Fig. 1 is: u(t) — input signal representing the ex-
ternal force applied to the tooth; y(t,p) — output signal
representing the tooth movement and depending both on time
(t) and on the position from the tooth longitudinal symmetry

© Springer International Publishing AG 2017

axis (p) — resulting that the considered medical process is a
distributed parameter one [2,3]; a-f3 — longitudinal symmetry
axis of the tooth; p,” = Omm — reference position representing
the tooth top; po — the position from the a-f axis where the
u(t) signal is applied; p. — the position from the a-f axis rep-
resenting the gum level; pci — the position from the a-f3 axis
of the tooth rotation centre in the case of the rotation move-
ment; C; — rotation centre of the tooth in the case of the rota-
tion movement; pr— reference position representing the tooth
apex (the distance on the a-f axis between the tooth top and
the tooth apex); pr - the distance on the o-f axis between the
point where the input signal is applied and the tooth apex; pc>
- the position from the a-f axis of the tooth rotation centre in
the case of the roto-translation movement; C, — rotation cen-
tre of the tooth in the case of the roto-translation movement;
vo’ = y(t,pa’) — — tooth movement (the distance passed
through of the tooth) in relation to time in the position corre-
sponding to p =p.’; y(t,pi) (fori € {1; 2} — tooth movement
in relation to time in the intermediary positions from the a-f§
axis corresponding to p = po and p = pi; yp = y(t,ps) - tooth
movement in relation to time in the position corresponding to
p =pr(yp < < Omm in the case of the rotation movement and
yg = Omm in the case of the roto-translation movement). In
Fig. 1, the external force u(t) (which is considered the input
signal in the medical process) is applied to the tooth (central
incisive) at the distance po — p.’ =po from its top. Depending
on the treatment type, the imposed movement can be either
rotation or roto-translation. In the case of the rotation move-
ment, the rotation centre C; belongs to the a-§ axis, more ex-
actly to the interval {po; pr}. In the case of the roto-translation
movement the rotation centre C, belongs to the continuation
of the a-f axis above the pr point (practically the position of
C, is outside from the tooth volume). In order to simplify the
presentation and due to the fact that pr has a much bigger
value than the y(t,p) signals, only the rectilinear movement
of the tooth is considered in the evaluation of the output sig-
nal value. In Fig. 2, the input signal u(t) and its components
are presented. The significance of the numerical notations
from Fig. 2 is: 1 — elastic decreasing force of the resort; 2 —
plastic remanent increasing force; 3 — u(t) force whic