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1. INTRODUCTION   

Infiltration is one of the most common health

complications in infusion therapy during which un-

intended leakage of an IV solution into the sur-

rounding subcutaneous tissue can occur [1]. The

national standard practice of the Infusion Nurses

Society (INS) requires that nurses administering

IV medications or fluids should be aware of side

effects and appropriate interventions prior to com-

mencement of infusion [2]. Serious complications

arise from the inadvertent administration of sol-

utions or medications to tissues surrounding the

IV catheter. When the agent is a non-preservative

or drug, it is called infiltration, whereas when the

agent is a vesicant medication, it is called

extravasation. Both infiltration and extravasation

can all have detrimental consequences, and pa-
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tients may be severely injured by surgical inter-

vention, limited functional experience, or even re-

quire amputation. The nurse can play vital role in

reducing the risk of infiltration and extravasation

through knowledge and skills in cannulation and

the intravenous administration of drugs. Nurses

should also be aware of early signs and symptoms

of infiltration and extravasation and should be able

to limit tissue damage promptly and effectively [3].

The most common complications in frequency or-

der were forearm, hand, wrist, and frontal bone.

Women and older patients are more vulnerable to

these complications [4]. The use of appropriate

tools for IV assessment can identify infiltration at

early stages, thus reducing the possibility of more

serious complications [5]. The INS devised a scale

to assess the various signs and symptoms such as

local edema, skin blanching, cooling of skin, pain,

and numbness [6]. Despite the growing frequency

of intravenous (IV) injections, establishing periph-

eral IV access is challenging, especially in patients

with small or collapsed veins [7]. Infiltration can

be caused by improper placement or dislogment of

the catheter. Movement of the patient can cause

the catheter to slip or through the vein [8]. The

first sign may be that the drug fails to have the

expected effect. Patients usually complain of im-

mediate severe discomfort distal to the site of

injection. Pallor, paraesthesia, hyperaemia, and

cyanosis of the affected limb develop and severe

cases may progress to develop profound oedema

and gangrene [9]. Infiltration events are graded

from 1 to 4, with higher number corresponding to

greater severity [2].

Studies to detect infiltration in peripheral vein

therapy have been performed using optical and

electrical methods as early detection of infiltration

helps to prevent the occurrence of serious injuries.

An optical method that employs fiber optics and

algorithms for tissue optics has been developed to

faciliate non-invasive monitoring of IV sites [10,

11]. The tissue surrounding the injection site is ex-

posed to a single wavelength of electromagnetic

radiation (visible or infrared light), and the diffused

light is collected by optical detector. Reflection,

scattering, diffusion or relative intensity changes

of emitted light provide a means of monitoring

infiltration. These provide routine, automated, con-

tinuous and real-time monitoring for patients re-

ceiving IV therapy [11]. An early detection system

(for example, IV watch Model 400) of peripheral

IV infiltration and extravasation events through

continuous monitoring of IV sites has been devel-

oped using near-infrared (NIR) light [12, 13]. In

addition, researchers have attempted to use ultra-

sound to examine the exogenous fluids injected in-

to cutaneous and subcutaneous tissues. Ultrasound

could detect small volumes of fluids, such as cos-

metic fillers and subcutaneous injections.

Therefore, ultrasound could be a potential refer-

ence standard for the future evaluation of IV in-

fusion monitoring devices [14]. However, an early

infiltration detection system should be simple, reli-

able, economical, and capable of monitoring IV in-

filtration in a non-invasive manner for easy use

in nursing and medical practice. Thus, the infiltra-

tion detection system using bioelectrical impedance

analysis (BIA) satisfies these conditions because

BIA is a safe, practical, and non-invasive method

for measuring the biological tissues and materials

[15]. Nowadays, BIA has been employed to diag-

nose diseases [16] and to assess the hydration sta-

tus, body composition, muscle_fat ratio, obesity

degree, lean balance, edema, and nutritional status

of the patients [17, 18].

In this study, infiltration was induced by punc-

turing the vein with a needle in a pig's posterior

ear. During infiltration, the IV solution and blood

components accumulating in the subcutaneous tis-

sues were investigated using impedance parame-

ters such as resistance, relative resistance, re-

actance, and resistance vs. reactance, capacitance

[19]. The impedance parameters showed significant

differences in the vein in pig's posterior ear, but
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they gradually changed in the vein in human's

forearm. The mechanism of infiltration induced in

the veins of the pig's posterior ear and the human's

forearm was quantitatively described using an

equivalent circuit and impedance analysis, reveal-

ing that BIA could be applicable to the early de-

tection of infiltration.

2. THEORY

2.1 Theory of Bioelectrical Impedance (Z) 

Impedance (Z) is the opposition to the flow of

an alternating current (AC) and, hence, depends

on the frequency of the applied AC. Z is defined

in terms of impedance magnitude (|Z|) and phase

angle () as shown in Eqs. (1)-(3) and Fig. 1.

Impedance is a complex quantity consisting of re-

sistance (R) of the total body water and reactance

(XC) due to the capacitance of the cell membrane

[20]:

   (1)

(2)

  tan  


 (3)

The resistance of an object is determined by a

shape and the material of the object. For a given

shape, the resistance depends on the material the

object is made from. In other words, different ma-

terials provide different resistances to the flow of

electric charges. The resistance (R) of an object

is directly proportional to the resistivity () of a

material. The resistivity () is an intrinsic property

of a material, and does not depend on its shape or

size. The resistance (R) of an object of length L,

made of a material having cross-sectional area A

and resistivity ρ, is as follows [16].

   


(4)

The capacitor affects the current, and has the

ability to stop the current in a fully charged state.

Since an AC voltage is applied, the root mean

square (RMS) current is limited by the capacitor.

Since the RMS current is regarded as the effective

resistance of the capacitor for AC, RMS current

I in a circuit containing only capacitor C is given

by another version of the Ohm’ law as follows:

 


(5)

where V is the RMS voltage.

Reactance (Xc) of an object as shown in Eq. (6)

is defined as resistance to voltage variation across

the object and is inversely related with signal fre-

quency (f) and capacitance ( ) [21]. In biological

systems, resistance is caused by total water across

the body, and reactance occurs due to the capaci-

tance of the cell membrane [16]:

  


(6)

where Xc, expressed in ohms, is called the capaci-

tive reactance because the capacitor reacts in such

a way as to impede the current. Xc is inversely

proportional to the capacitance C; The larger the

capacitance, the more charge the capacitor can

store, and more current can flow. Capacitance is

also inversely proportional to the frequency f; the

greater the frequency, the less time there is to fully

charge the capacitor, and hence it impedes current

less [21].
Fig. 1. Impedance (Z ) consisting of resistance (R ) and 

reactance (XC).
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2.2 Equivalent Circuit of ECF, ICF, and Cell 

Membrane

A basic understanding of normal body fluid

physiology is required to appreciate the nuances of

fluid therapy. Total body water (TBW) is dis-

tributed between the intracellular fluid (ICF) com-

partment (approximately 66%) and the ex-

tracellular (ECF) compartment (approximately

33%). ECF and ICF contain several ion types with

different concentrations. the main ions are Na+ and

Cl− in ECF and are K+ and PO-4 in ICF [22]. These

two spaces (ECF and ICF) are separated by cell

membranes. The ECF compartment is further sub-

divided into intravascular (8% TBW) and inter-

stitial (25% TBW) spaces [23], and these compart-

ments are separated by the capillary wall. The cell

membranes between the fluid compartments have

different permeability to different solutes based on

size, charge, and conformation. An equivalent elec-

trical circuit model has been used to investigate the

response of different tissue components to AC

having multi-frequency. Our model considers sev-

en electrical components: skin resistance, contact

capacitance, fat resistance, fat capacitance, ex-

tracellular resistance, intracellular resistance, and

cell membrane capacitance [24]. The human body

model consists of resistances (Re, Rm, Ri) and ca-

pacitance (Cm) connected in parallel or series. In

the parallel model, two or more resistors and ca-

pacitors are connected in parallel, with the current

passing through the extracellular space at low fre-

quencies and through the intracellular space at

high frequencies. Cells constituting human organs

consist of ECF and ICF that behave as electrical

conductors whereas the cell membrane acts as a

resistor and capacitor [25, 26]. Fig. 2 shows the

equivalent circuit of a cell in the human body.

Table 1 lists the descriptions of symbols repre-

sented in Fig. 2.

Since the resistance (Rm) and the capacitance

(Cm) of cell membrane are connected in parallel, the

reactance (XC) of the cell membrane in Fig. 2 can

be expressed as follows:

 










(7)

The reactance (XC) of the cell membrane and the

resistance (R i) of the ICF connected in series can

be expressed as (8).

      


(8)

Total impedance (Z) of the cell model having a

coupling structure in parallel with the ECF and ICF

connected in series with the cell membrane (XC)

can be expressed by Eq. 9:

Fig. 2. Human body composed of resistors (Re, Rm, Ri ) 

and capacitor (Cm) connected in parallel or 

series. In the parallel model, two or more re-

sistors and capacitors are connected in parallel, 

with the current passing through the extracellular 

space at low frequencies and through the intra-

cellular space at high frequencies.

Table 1. Description of symbols represented in Figure 2

Symbol Description

Cm Capacitance of cell membrane

Rm Resistance of cell membrane

Re Resistance of ECF

R i Resistance of ICF

XC Reactance of cell membrane

Z i Impedance of XC and R i

Z Impedance of Z i and Re

I Current through both ECF and ICF

I 1 Current through only ECF

I 2
Current through both cell membrane

and ECF
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(9)

The reactance (XC) of the cell membrane de-

pends on the applied frequency. When the fre-

quency of the applied AC is low, XC and Z i increase

in Eqs. (7) and (8), so that Z increases. When the

frequency of the applied AC is high, the opposite

phenomenon occurs and then Z decreases.

3. METHOD

3.1 Intravenous infusion and induced infiltration 

in the vein of pig’s posterior ear

Electrodes for applying the current and collect-

ing the voltage were attached to both sides of the

IV infusion site. Ag/AgCl electrode (2223H, 3M,

Korea) with foam tape and sticky gel was used to

minimize the interfacial effects between the elec-

trode and the skin. Ag/AgCl electrode is now used

in most bioimpedance measurements because it

has a well-defined DC potential with electrolyte gel

to minimize the gap impedance between skin and

electrodes. Circular and rectangular electrode

shapes with a contact area greater than 4 cm2 are

the most commonly used shapes [27]. After insert-

ing the PIV catheter into a vein of a pig’s posterior

ear, impedance parameters (R, R/RBI, XC, R vs.

XC, Cm) were measured as a function of time and

frequency while infusing an IV solution at the rate

of 4 gtt. (4 drops per min.) to prevent blood clotting.

Then, the infiltration was intentionally induced by

pushing the needle through the vein wall into the

subcutaneous tissue in a pig's posterior ear as

shown in Fig. 3(a). Fig. 3(b) shows the impedance

measurement in human's forearm while infusing

IV solution at the rate of 60 gtt. (60 drops per min.)

[28]. Impedance parameters were measured using

multi-channel impedance measuring instrument

(Vector Impedance Meter) developed by Kim et al.

[29]. AC with 7 different frequencies ranging from

20-500 kHz was applied to the electrodes. This

study on animals was approved by the Pusan

National University Yangsan Hospital Animal

Care and Use Committee (PNUYH-2017-040).

4. RESULTS AND DISCUSSIONS

4.1 Resistance (R) as a function of time (t)

Fig. 4 shows the resistance (R) as a function

of time and frequency before and after infiltration

while infusing the IV solution into the vein of pig's

ear. An AC was applied to the electrodes attached

to both sides of IV infusion site and the applied

frequency was varied. After infiltration began to

occur (AI), the resistance decreased significantly

and then decreased slowly. When AC having a fre-

quency of 20 kHz was applied to the infiltration

(a) (b)

Fig. 3. (a) Electrodes attached to a pig's posterior ear 

for detecting the infiltration. (b) Circular electro-

des used to measure the impedance to detect 

vein-induced infiltration into the human's forearm. 

Outside band electrodes are used for detecting 

infiltration with another measuring device.

Fig. 4. Resistance as a function of time during infusing 

IV solution into the vein in a pig's ear.
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site, the resistance decreased significantly before

and after infiltration. Since AC having a frequency

of 20 kHz could not pass through the cell mem-

brane, a sharp reductioin in resistance during in-

filtration indicates that a considerable amount of

the IV solution flowing out of the vein is accumu-

lating in the ECF including the interstitial fluid

(ISF). A subsequently gradual decrease in the re-

sistance over time reflects that the IV solution is

still accumulating in the surrounding subcutaneous

tissues. In contrast, in previously reported study

[30] on the infiltration induced in the human’s fore-

arm, the resistance decreased gradually over time

because the IV solution leaking out of a vein in

the human's forearm continued to accumulate

gradually in the surrounding thick subcutaneous

tissue after infiltration.

4.2 Relative resistance (R/RBI) as a function of 

time (t)

Fig. 5 shows the relative resistance (white

squares) measured at 20 kHz in the veins of a pig's

posterior ear as a function of time. Compared to

the relative resistance before infiltration (BI), the

relative resistance significantly decreased at in-

filtration (AI) and then slowly decreased thereafter.

This indicates that the vein in the pig's ear was

thin so that the infiltrated IV solution accumulated

slowly after infiltration. In contrast, the right hand

side in Fig. 5 also shows the relative resistance

(dark squares) measured at 20 kHz in the human

forearm as a function of time. The relative resist-

ance gradually decreased over time. This indicates

that the vein in the human's forearm is large and

there are large amount of surrounding subcuta-

neous tissues, so that the IV solution continue to

accumulate in subcutaneous tissues over time.

According to our previous paper [28] on the in-

filtration induced in the human’s forearm, the rela-

tive impedance was found to gradually decrease

with time. The thin and weak venous blood vessels

of the newborns or infants are expected to exhibit

infiltration and impedance behaviors different from

those of adult's forearms with thick blood vessels

and surrounding subcutaneous tissues.

4.3 Reactance (XC) as a function of time (t)

Fig. 6 shows the reactance (XC) of the cell mem-

brane as a function of time and frequency while

infusing the IV solution into the vein in the pig's

ear. The magnitude of the reactance largely de-

creased at infiltration (AI) and then very slowly

decreased. This is because the infiltrated IV sol-

ution and blood components are adsorbed on the

cell membranes, which in turn reduces the ability

Fig. 5. Relative resistance (R/RBI) measured at 20 kHz 

in the pig's ear and human's forearm as a func-

tion of time. 

Fig. 6. Reactance as a function of time during IV solution 

infusion into the vein of pig's ear.
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to slow the current flowing through the cell

membrane. The magnitude of the reactance de-

creases most remarkably at 20 kHz, so this can be

used as an indicator to detect infiltration.

4.4 Resistance (R) versus reactance (XC)

Fig. 7 shows the relationship between resistance

(R) and reactance (XC) measured at 20 kHz during

the infusion of the IV solution into the veins in

pig's ear and human's forearm. When infiltration

was induced in the vein of the pig's ear, the posi-

tion (white squares) in the upper right abruptly

shifted to lower left in the R_Xc graph. This sug-

gests that when the infiltration occurs, the IV sol-

ution and blood components accumulate in the sub-

cutaneous tissues of pig's ear and then accumulate

in the subcutaneous tissues after infiltration. On

the other hand, when infiltration was induced in

the vein of human's forearm, the position (black

squares) gradually changed to the lower left in

R_Xc graph, revealing that the IV solution and

blood components leaking out of the vein continue

to accumulate in the surrounding subcutaneous

tissues [31].

4.5 Capacitance (Cm) as a function of time (t )

Fig. 8 shows the capacitance (Cm) of the cell

membrane as a function of time while infusing the

IV solution into the vein in the pig's ear. The ca-

pacitance of the cell membrane significantly in-

creased at infiltration (AI) and then gradually

increased. This is because the IV solution and

blood components leaking out of the vein during

infiltration are adsorbed on the cell membrane in

the subcutaneous tissue, hence reducing the ability

of the cell membrane to temporarily regulate the

electric current. The capacitance of the cell mem-

brane was prominently increased at 20 kHz, which

can be used as an indicator for detecting infiltration.

4.6 DISCUSSION

Infiltration is generally known to be difficult to

detect at an early stage. To date, the techniques

of detecting the infiltration depend primarily on

clinical methods, which include visual and tactile

examination of the skin and subcutaneous tissues

surrounding the IV injection site for factors such

as tissue pressure, color, edema, swelling and tem-

perature [9]. However, these methods have serious

problems in detecting infiltration because infiltra-

tion is better identified after the tissue damage has

already occurred in the subcutaneous tissue. In ad-

Fig. 7. Relationship between resistance and reactance 

before and after infiltration during IV solution in-

fusion into veins of the pig's ear and human's 

forearm. BI indicates the time before infiltration 

occurs and AI indicates the time at which in-

filtration occurs.

Fig. 8. Capacitance as a function of time during infusing 

IV solution into the vein in a pig's ear.
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dition, the existing infiltration detection systems

have been mainly developed using infrared light.

Infiltration was identified by comparing the high

reflectance of light before infiltration and low re-

flectance of light due to the leaking solution after

infiltration [12, 32]. However, these data does not

accurately reflect the accumulation of solution/

fluid from the vein into surrounding subcutaneous

tissue, since they relies on the partial reflectivity

of the IV solution exposed to the skin and the in-

filtrated IV solution (also blood components).

In this study, the impedance parameters (R,

R/RBI, XC, R vs. XC, and Cm) and the equivalent

circuit model of the cell were utilized to effectively

investigate the infiltration induced in the veins of

pig's ear and human's forearm as a function of

time and frequency. When the infiltration was in-

tentionally induced in the vein of pig's ear, the im-

pedance parameters showed significant differences

before and after infiltration. They were able to

quantitatively distinguish infiltration in seven fre-

quency ranges (20-500 kHz). Impedance parameter

values from 20 kHz reflected the IV solution accu-

mulated in ECF during infiltration. Using bio-

electrical impedance parameters and an equivalent

circuit model of the cells, the IV solution and blood

components leaking out of the vein after infiltration

were confirmed to accumulate in the ECF, sug-

gesting the impedance parameters as an indicator

for early detection of infiltration. The impedance

method used in this study is simple, non-invasive

and economical, and the reliability of the experiment

to detect infiltration is clearly validated. Thus, this

technique can be extended to nurses in the nursing

site to confirm the infiltration for point of care. In

order to develop infiltration detection device for

point of care, our research team is currently con-

ducting research on infiltration using impedance

parameters for patients in a long tern care hospital.

In the case of modifying the electrode module to

reduce the measuring time and to allow continuous

measurement, it is also possible to detect the early

infiltration using the automated impedance device.

5. CONCLUSION

In this study, the impedance parameters were

measured as a function of time and frequency while

infusing the IV solution into the veins of a pig's

posterior ear and the human's forearm. Experim-

ental results are summarized as follows. First,

when infiltration was intentionally induced in the

vein of pig's ear, impedance parameters (R, XC,

and Cm) exhibited significant differences before

and after infiltration. However, when infiltration

was induced in the vein of the human’s forearm,

impedance parameters gradually changed because

the IV solution accumulates in thick subcutaneous

tissue. Second, the relative resistance (R/RBI) at

20 kHz largely decreased with infiltration (AI), and

slowly decreased thereafter. But, when infiltration

was intentionally induced in the vein of the hu-

man's forearm, the relative resistance at 20 kHz

gradually decreased over time. This indicates that

the vein in the human's forearm is thick and there

are many subcutaneous tissues, so that the IV sol-

ution continue to accumulate in subcutaneous tis-

sues over time. Third, when infiltration was in-

duced in the vein of pig's ear, the position (BI) rap-

idly shift lower left to the position (AI) in the R-Xc

graph. These indicates that pig's posterior ear is

thin and the surrounding subcutaneous tissues are

so small that the IV solution and blood components

largely accumulate in the subcutaneous tissues

during infiltration and slightly accumulate after

infiltration. However, when infiltration was in-

duced in vein of human's forearm, the position

gradually moved over time in the R-Xc graph, re-

vealing that the IV solution and blood components

leaking out of the vein continue to accumulate in

the surrounding subcutaneous tissue. Our findings

suggest that it may be applicable to infiltration de-

tection in neonates or infants with thin veins or

in severe and elderly patients with frequent in-

filtration.



42 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 21, NO. 1, JANUARY 2018

REFERENCE

[ 1 ] D. Doellman, L. Hadaway, L.A. Bowe-Geddes,

M. Franklin, J. LeDonne, L. Papke-O'Donnell,

et al., “Infiltration and Extravasation: Update

on Prevention and Management,” Journal of

Infusion Nursing, Vol. 32, No. 4, pp. 203-211,

2009.

[ 2 ] L. Hadaway, “Infiltration and Extravasation,”

American Journal of Nursing, Vol. 107, No.

8, pp. 64-72, 2007.

[ 3 ] L. Dougherty, “IV Therapy: Recognizing the

Differences Between Infiltration and Extrava-

sation,” British Journal of Nursing, Vol. 17,

No. 14, pp. 896-901, 2008.

[ 4 ] E. Kagel and G. Rayan, “Intravenous Catheter

Complications in the Hand and Forearm,”

Journal of Trauma-Injury Infection and

Critical Care, Vol. 56, No. 1, pp. 123-127, 2004.

[ 5 ] R. Simona, “A Pediatric Peripheral Intravenous

Infiltration Assessment Tool,” Journal of In-

fusion Nursing, Vol. 35, No. 4, pp. 243-248,

2012.

[ 6 ] C.M. Rickard, J. Webster, M.C. Wallis, N.

Marsh, M.R. McGrail, V. French, et al., “Rout-

ine Versus Clinically Indicated Replacement of

Peripheral Intravenous Catheters: A Rando-

mised Controlled Equivalence Trial,” British

Journal of Nursing, Vol. 380, No. 9847, pp.

1066-1074, 2012.

[ 7 ] S.S. Dychter, D.A. Gold, D. Carson, and M.

Haller, “Intravenous Therapy: A Review of

Complications and Economic Considerations

of Peripheral Access,” Journal of Infusion

Nursing, Vol. 35, No. 2, pp. 84-91, 2012.

[ 8 ] Complications of Peripheral I.V. Therapy,

Lippincott Nursing Center, http://www.

nursingcenter.com/ncblog/february-2015-

(1)/complications-of-peripheral-i-v-therapy

(accessed Jan., 4, 2017).

[ 9 ] C. Lake, C.L. Beecroft, "Extravasation injuries

and accidental intra-arterial injection," Critical

& Pain, Vol. 10, No. 4, pp. 109-113, 2010.

[10] A. Jambulingam, R. McCrory, L. West, and O.

T. Inan, “Non-Invasive, Multi-Modal Sensing

of Skin Stretch and Bioimpedance for Detect-

ing Infiltration During Intravenous Therapy,”

Proceeding of 38th Annual International

Conference of the IEEE Engineering in

Medicine and Biology Society, pp. 4755-4758,

2016.

[11] L.W. Winchester and N.Y. Chou, Optical

Detection of Intravenous Infiltration, http://www.

google.com/patents/US7826890 (accessed Dec.,

20, 2015).

[12] An Optical Device for Detecting Intravenous

Infiltration, http://www.ivteam.com/optical-iv.

pdf (accessed Dec., 21, 2016).

[13] Startup Launches Device for Early Detection

of IV Tissue Infiltration to Reduce Com-

plications, https://www.fiercebiotech.com/

medical-devices/startup-launches-device-for-

early-detection-iv-tissue-infiltration-to-re-

duce (accessed Sept., 7, 2016).

[14] Ultrasound Detection of Peripheral IV Infil-

tration, https://clinicaltrials.gov/ct2/show/

NCT01800552 (accessed Jan., 6, 2017).

[15] U.G. Kyle, I. Bosaeus, A.D. De Lorenzo, P.

Deurenberg, M. Elia, J. M. Gomez, et al., “Bio-

Electrical Impedance Analysis-Part 1: Review

of Principles and Methods,” Clinical Nutri-

tion, Vol. 23, No. 5, pp. 1226-1243, 2004.

[16] S.F. Kalil, M.S. Mohktar, and F. Ibrahim, “The

Theory and Fundamentals of Bioimpedance

Analysis in Clinical Status Monitoring and

Diagnosis of Diseases,” Sensors, Vol. 14, pp.

10895-10928, 2014.

[17] S. Berlit, J. Brade, B. Tuschy, E. Foldi, U.

Walz-Eschenlohr, H. Leweling, et al., “Whole-

Body Versus Segmental Bioelectrical Imped-

ance Analysis in Patients with Edema of the

Upper Limb After Breast Cancer Treatment,”

Anticancer Research, Vol. 33, No. 8, pp. 3403-

3406, 2013.



43Voice Activity Detection Algorithm using Wavelet Band Entropy Ensemble Analysis in Car Noisy Environments

[18] R. Buffa, E. Mereu, O. Comandini, M.E. Ibanez,

and E. Marini, “Bioelectrical Impedance

Vector Analysis (BIVA) for the Assessment

of Two-Compartment Body Composition,”

European Journal Clinical Nutrition, Vol. 68,

No. 11, pp. 1234-1240, 2014.

[19] I.S. Grimnes and O.G. Martinsen, Bioimpe-

dance and Bioelectricity Basics, Academic

Press, London, 2015.

[20] S.O. Kasap, P rinciples of Electrical Engi-

neering Materials and Devices, McGraw-

Hill, New York, 1997.

[21] P.P. Urone, College Physics, Brooks/Cole,

Pacific Grove, USA, 2001.

[22] J.A. Sargent and F.A. Gotch, Principles and

Biophysics of Dialysis. In Replacement of

Renal Function by Dialysis, Springer, Dor-

drecht, Netherland, 1989.

[23] E. Mazzaferro and L.L. Powell, “Fluid Therapy

for the Emergent Small Animal Patient:

Crystalloids, Colloids, and Albumin Products,”

Veterinary Clinics of North America: Small

Animal Practice, Vol. 43, No. 4, pp. 721-734,

2013.

[24] F. Zhu, E.F. Leonard, and N.W. Levin, “Body

Composition Modeling in the Calf Using an

Equivalent Circuit Model of Multi-Frequency

Bioimpedance Analysis,” Physiological Mea-

surement, Vol. 26, No. 2, pp. S133-S143, 2005.

[25] J.H. Kim, I.S. Jeong, S.W. Baik, and G.R. Jeon,

“Early Detection of Peripheral Intravenous

Infiltration Using Segmental Bioelectrical

Impedance: Preliminary Study,” Journal of

Korea Multimedia Society, Vol. 20, No. 3, pp.

482-490, 2017.

[26] E. Hernandez-Balaguera, E. Lopez-Dolado,

and J.L. Polo, “Obtaining Electrical Equivalent

Circuits of Biological Tissues Using the

Current Interruption Method, Circuit Theory

and Fractional Calculus,” Royal Society of

Chemistry, Vol. 6, pp. 22312-22319, 2016.

[27] U.G. Kyle, I. Bosaeus, A.D. De Lorenzo, P.

Deurenberg, M. Elia, J.M. Gómez, et al.,

“Bioelectrical Impedance Analysis-Part II:

Utilization in Clinical Practice,” Clinical

Nutrition, Vol. 23, pp. 1430-1453, 2004.

[28] J.H. Kim, M.S. Lee, S.W. Baik, G.H. Kim, Y.J.

Hwang, G.R. Jeon, “Impedance Parameter

Variations at Intravenous (IV) Infiltration

Using Bioelectrical Impedance: A Pilot Study,"

Journal of Korea Multimedia Society, Vol. 20,

No. 10, pp. 1678-1688, 2017.

[29] B.C. Kim, C.M. Kim, and C.H. Lee, Multi-

Channel Impedance Measuring Method and

Multi-Channel Impedance Measuring Instr-

ument, WO 2014/035040 A1, Patient PCT/

KR2013/005779, Korea, 2013.

[30] J.H. Kim, B.J. Shin, S.W. Baik, and G.R. Jeon,

“Early Detection of Intravenous Infiltration

Using Multi-Frequency Bioelectrical Impe-

dance Parameters: Pilot Study,” Journal of

Sensor Science and Technology, Vol. 26, No.

1, pp. 15-23, 2017.

[31] J.H. Kim, Y.J. Hwang, G.H. Kim, B.J. Shin,

Y.J. Kim, E.J. Lee, G.R. Jeon, "Comparison of

Infiltration Induced in Veins of Rabbit’'s Ear

and Human’s Forearm by Using Bioelectrical

Impedance: Pilot Study," Journal of Sensor

Science and Technology, Vol. 26, No. 5, pp.

1-8, 2017.

[32] J.H. Kim, B.S. Shin, and G.R. Jeon, “Early

Detection of Intravenous Infiltration Using

Multi-frequency Bioelectrical Impedance Me-

asurement System: Pilot Study,” Journal of

Information and Communication Convert-

gence Engineering, Vol. 15, No. 2, pp. 123-

130, 2017.



44 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 21, NO. 1, JANUARY 2018

Kim Jaehyung

He received B.S. and M. S. de-

gree from Pusan National Uni-

versity, Korea, in 1979 and 1981,

respectively, and Ph. D degree

from Kyungnam University, Ko-

rea, in 1992. He was visiting

scientist at Liquid Crystal Insti-

tute of Kent State University, USA in 1993, and visit-

ing professor at Physics Department of Portland State

University, USA, in 2003. He is currently researcher

at Research Institute of Nursing Science, Pusan

National University and has deep interest in bio-

electrical impedance, electro-dermal activity, and elec-

trical stimulator, etc.

Hwang Youngjun

He received a bachelor's degree

from Pusan National University,

Korea, 2017. He is in the mas-

ter's degree in dept. of medical

science, Pusan National Univer-

sity, Yangsan, Korea.

Kim Gunho

He received a bachelor's degree

from Pusan National University,

Korea, 2017. He is in the mas-

ter's degree in dept. of medical

science, Pusan National Univer-

sity, Yangsan, Korea.

Jeong Ihn Sook

She is a professor of College of

Nursing, Pusan National Univer-

sity. She graduated College of

Nursing, Seoul National Univer-

sity. Her subject area is Nursing,

Pharmacology, Toxicology and

Pharmaceutics, Immunology and

Microbiology , Research ethics, and Early detection of

IV infiltration

Jeon Gye-Rok

He received B.S. and M.S. de-

gree from Busan national uni-

versity, Korea, 1978 and 1982,

respectively. And doctor degree

from Donga University Korea,

1993. He is currently professor,

department of biomedical en-

gineering, school of medicine, Busan national uni-

versity, and working at Busan national university

Yangsan hospital. His major is biomedical signal proc-

essing and biomedical measurement system.


