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Abstract
Introduction: Minimal Hepatic Encephalopathy (MHE) is the mildest form of spectrum of Hepatic Encephalopathy (HE) 
which remains undiagnosed due to lack of awareness. MHE has a negative effect on patient’s daily functioning due to 
cognitive impairment. Electro-Encephalo-Gram (EEG) and Mini Mental State Examination (MMSE) are useful in early 
diagnosis and follow up of MHE. Aim: To study evidence of MHE in patients with liver cirrhosis by psychometric tests and 
also its correlation with EEG changes. Materials and Methods: The study was carried out as a prospective case control 
study of 70 patients diagnosed with Cirrhosis of liver, over a period of two years in accordance with European Association 
for the Study of the Liver (EASL) and Asociacion Latinoamericana parael Estudio del Higado (ALEH) criteria with MMSE 
score >24 and were diagnosed as Minimal Hepatic Encephalopathy if 2 out of 3 psychometric tests were abnormal EEG 
was performed in them and was compared with 70 healthy controls. Results: Study showed male predominance (90%) 
with mean age of 45.49 ± 11.76. Alcohol related cirrhosis (70%) was found to be more common than HBV (8.57%) and 
HCV (2.86%) infection related cirrhosis. Pedal edema, icterus, pallor and ascites were the most common presenting 
manifestations. Most cirrhotic cases (80%) were under Child Pugh Class-A. On USG of abdomen all cases had Coarse 
echotexture and nodular surface of liver among them 11 cases had Hepatomegaly, 10 cases had splenomegaly, 42 cases 
had ascites and 24 cases had increased portal venous diameter of mean size 14.02 ± 0.48 mm. MMSE score of all selected 
cirrhotic cases was >24. Psychometric Tests i.e. Number Connection Test-A, Number Connection Test-B and Line tracing 
test were performed in all selected cirrhotic cases and they were not able to perform it within designated time. All cases 
were subjected to EEG and compared with equal number of comparable healthy controls, which shows change in frequency 
and amplitude of Alpha wave which was highly significant whereas no significant changes of frequency and amplitude of 
Beta, Theta and Delta waves between cases and controls. Conclusion: There is significant changes in alpha wave frequency 
and amplitude in patients with minimal hepatic encephalopathy.

1. Introduction 
Hepatic encephalopathy is a major complication that 
develops in some for mandate some stage in a majority 
of patients with liver cirrhosis. 30 to 45% of cirrhotic 
patients progress to overt hepatic encephalopathy1,2. 

Minimal Hepatic encephalopathy (MHE) is the mildest 
form of spectrum of Hepatic encephalopathy (HE). But 
most of the times they remain undiagnosed due to lack 
of awareness of MHE among the physicians. MHE was 
recognized as a clinical entity in the 1970's by hepatologists 
who were working on Hepatic encephalopathy. Different 
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studies show that MHE can be prevalent from a range of 
30% to 84% in cirrhotic patients3,4. Subclinical cognitive 
alterations in cirrhotic patients could have prognostic 
value on survival in the first year of follow-up5. MHE 
has a negative effect on patient’s daily functioning6. The 
West Haven criteria7,8 classify the degree of mental status 
disturbance in encephalopathy which range from reversal 
of sleep patterns with mild alteration in cognition to deep 
coma. Grade 0 of the West Haven criteria corresponds to 
minimal hepatic encephalopathy. 

The progression of MHE into overt HE has increased 
risk, requiring hospitalization and overall mortality of 
patients. Accurate assessment of MHE can help to treat 
them at an earlier stage, thus improving the quality and 
effectiveness of treatment for them. The overall awareness 
of MHE among medical practitioners is 75%. Physicians 
who screen for MHE are only 6.3%9. Due to psychomotor 
impairment, there is impairment of performances that 
requires attention, judgement, vigilance, co-ordination 
and quicker flexes actions. Studies showed that working 
on harmful machines, driving a car and other tasks 
which require attention and vigilance are affected in 
MHE patients. MHE patients have higher occurrence of 
falls, Injuries and accidents while driving, appropriate 
counseling of the MHE patients should be done. Hence, 
to avoid this, screening and early diagnosis of all patients 
with cirrhosis for MHE and treatment of those patients 
diagnosed to have MHE has been recommended. It 
presented as a condition in cirrhotic patients who were 
normal on clinical examination but had alterations 
either in EEG or simple neuropsychiatric tests. In spite of 
exhaustive research to have an optimal approach towards 
MHE patients, there is no gold standard or criteria which 
had been defined. Various methods have been used to 
diagnose MHE, these range from visual and automated 
EEG analysis, visually evoked potentials, single paper–
pencil tests like the Number Connection Tests, batteries 
of paper–pencil tests (e.g. PSE-Syndrome-Test, Repeatable 
Battery for the Assessment of Neuropsychological Status 
− RBANS), computer-based tests (like the Inhibitory 
Control Test−ICT, Continuous Reaction Time Test (CRT) 
or Stroop Test) or test batteries such as the Cognitive Drug 
Research test battery, and a psychophysiological measure, 
the Critical Flicker Frequency (CFF). A combination 
of these investigations and tests have helped used fine 
and identify patients with MHE. There are very few 
studies on correlation of MHE with EEG changes, so we 

planned the present study to see evidence of minimal 
hepatic encephalopathy in patients with liver cirrhosis by 
psychometric tests and correlation of Minimal Hepatic 
Encephalopathy with EEG changes.

2. Materials and Methods
The present study was conducted in the Department 
of Medicine, in Tertiary Care Teaching Hospital from 
August 2015 to December 2017. 70 patients, including 63 
males and 7 females were recruited in our study. Cirrhotic 
patients diagnosed in accordance with EASL and ALEH 
criteria10 admitted because of complications other than 
hepatic encephalopathy and fitting into the criteria of 
MHE8,11,12 were included in our study. Cirrhotic patients 
already in overt hepatic encephalopathy and with any 
other neurologic abnormality affecting cognition and 
condition causing tremors were excluded. Patients of 
cirrhosis who have other comorbid factors contributing 
to encephalopathy were excluded. We evaluated all study 
participants with MMSE and patients with MMSE>24 
performed psychometric tests i.e. NCT-A, NCT-B and 
LTT. If 2 of these 3 tests are abnormal then they are 
diagnosed as MHE and then EEG was performed and 
compared with 70 healthy controls. EEG analysis was 
done in awake subjects with both eyes open and eyes 
closed states, at least 3 min in each state using a digital EEG 
equipment (RMS EEG 24 Brain View Plus, Chandigarh) 
and the International 10-20 scalp electrode placement 
system approved by International Federation of Societies 
for EEG and Clinical Neurophysiology (IFSECN; Jasper 
1958) Recorded for at least 30 minutes. All total 24 scalp 
electrodes were used including the two ear electrodes, 
the reference electrode (at nasion) and the ground. EEG 
recorded in three montages, 2 bipolar and one unipolar 
with 16-18 channels. The filter range was 1-70Hz. After 
data collection, it was analyzed using Microsoft office 
excel 2007.

3. Results
The mean age group in the study group was 45.49 +/- 
11.76 with minimum age of 25 years and maximum age 
of 76 years. Of these majority were in 41-50 years group 
whereas as only 2 cases had age >71 years. Out of 70 cases 
in study population 63 patients that is 90% were male and 
7 cases that is 10% were females. Most common cause 
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was alcohol related contributing 49 cases out of 70 that 
is 70% with the mean age of 46.43 ± 11.57 whereas HBV 
related were 6 cases that is 8.57% with the mean age of 
46.67 ± 10.23 and HCV related were 2 cases that is 2.86% 
with the mean age of 41.00 ± 12.73 and others in which 
cause was not found were 17 that is 24.29% with the mean 
age of 43.00 ± 12.72. Bilateral pedal edema was found in 
majority in 49 cases that is in 70% followed by icterus and 
pallor in 44 cases that is 62.86%. Gynaecomastia saw only 
in 4 patients (i.e. 5.71%), testicular atrophy in 3 patients 
(i.e. 4.29%) whereas Dupuytren’s contracture seen in 1 
patient only (i.e. 1.43%) and no one had flapping tremors. 
Out of 70 cases in study population, 56 cases (i.e. 80%) 
were in Child-Pugh class A; 12 cases (i.e. 17.14%) were in 
Child-Pugh class B and 2(2.86%) in Child-Pugh class C.

All cases had coarse echotexture and nodular 
surface of liver among them 11 cases (i.e. 15.71%) had 
Hepatomegaly with meansize > 17.23cm, 10 cases (i.e. 
14.28%) had splenomegaly with meansize > 13.75cm, 42 
cases (i.e. 60%) had ascites and 24 cases (i.e. 34.28%) had 
increased portal venous diameter.

Table 1. Mean MMSE score in CPC-A, CPC-B, CPC-C 
and of all 70 patients

CPC Mean Score
CPC-A 28.73
CPC-B 28.17
CPC-C 27.00
MMSE score 
(Mean ± SD)

28.59 ± 0.99

All the cases had MMSE score more than 24. Mean 
score in CPC-A was 28.73 in CPC-B was 28.17 and in 
CPC-C was 27 and overall mean of 70 patients was 28.59 
± 0.99 (Table 1).

Table 2. Time (in minutes) required to complete 
NCT-A, NCT-B

Time 
(min.)

NCT-A (No. 
of cases)

NCT-A 
(%)

NCT-B (No. 
of cases)

NCT-B 
(%)

2-3 18 25.71 10 14.28
4-5 36 51.42 29 41.42
5-7 16 22.85 25 35.71
>7 0 0 6 8.57

Maximum time required in NCT-A was 5-7 minutes 
whereas in NCT-B was >7 minutes. Maximum number 

of cases that is 36 (51.42%) took 4-5 minute to complete 
the   NCT-A similarly maximum number of patients that 
is 29 (41.42%) took 4-5 minute to complete the   NCT-B 
(Table 2).

Table 3. Time required completing NCT-A according 
to CPC

CPC Mean ± SD Range
CPC-A 4.38 ± 1.36 2-7
CPC-B 5.08 ± 1.16 3-7
CPC-C 6.00 6

Table 4. Time required complete NCT-B according to 
CPC

CPC Mean ± SD Range
CPC-A 5.00 ± 1.55 2-8
CPC-B 5.92 ± 1.08 4-8
CPC-C 8.00 8

Cases in CPC-A completed the NCT-A in 4.38 ± 1.36 
min (mean value) and NCT-B in 5.00 ± 1.55 mins (mean 
value). Whereas cases in CPC-C completed the NCT-A 
in 6 min (mean value) and NCT-B in 8 mins (mean 
value). Thus, the mean time for NCT-A and NCT-B is in 
increasing trend with CPC (Table 3&4).

Table 5. Number of errors made while performing 
Line Tracing Test 

No. of errors No. of cases No. of cases (%)
0 5 7.14
1 6 8.57
2 6 8.57
3 15 21.42
4 20 28.57
5 11 15.71
6 7 10

Maximum numbers of errors in Line Tracing Test 
were 6 made by only 7 cases (i.e. 10%). Maximum number 
of cases that is 20 (i.e. 28.57%) have made 4 errors. 6 cases 
(i.e. 8.57%) have made only 1 error and 7 cases (i.e. 10%) 
have made 6 errors which is maximum. There are 5 cases 
that have made no error while performing LTT (Table 
5). So, there were 65 cases that were not able to perform 
all 3 Psychometric tests whereas 5 cases were not able to 
perform 2 out of 3 psychometric tests.
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Table 6. Mean number of errors in Line Tracing Test 
according to CPC

CPC Mean ± SD Range
CPC-A 3.18 ± 1.70 0-6
CPC-B 4.17 ± 0.83 3-6
CPC-C 6.00 6

Patients with CPC-A have made minimum errors 
with mean 3.18 and patients with CPC-C have made 
maximum errors with mean 6. Thus, the number of errors 
in Line tracing test is in increasing trend with CPC (Table 
6). We have compared two groups that is study group & 
control group which are comparable to each other with 
age and sex and then evaluated for the presence EEG 
changes.

Mean frequency of Alpha wave in cases was 10.60 
± 1.59 in comparison with controls in which mean 
frequency was 11.61 ± 1.03 with p value <0.001 that is 
change in frequency of Alpha wave in cases is highly 
significant. Mean amplitude of Alpha wave in cases is 
35.43 ± 19.18 in comparison with controls in which 
mean amplitude is 48.24 ± 7.26 with p value <0.001 
that is change in amplitude of Alpha wave in cases is 
highly significant. There were no significant changes of 
frequency and amplitude of Beta, Theta and Delta waves 
between cases and controls (Table 7).

4. Discussion
In our study, there was significant Male preponderance 
i.e. 90% which correlates with available literature13,14. Male 
preponderance found in the present study may be due to 
preferential drinking habit in males compared to females 
in this part of the country15. Mean age of cirrhotic patients 

in present study was 45.49 ± 11.76 years13,14. There were 
fewer patients older than 60 years in this study, who could 
show the effect of age on MHE prevalence. In the present 
study alcohol, related cirrhosis was found to be more 
common than HBV & HCV infection related cirrhosis16,17. 
The current prevalence of alcohol abuse in India is 21.4% 
as per National Survey 200418. Pedal edema (70%), Icterus 
(62.86%), ascites (60%) & anemia (62.86%) being most 
common presenting manifestations. Other physical signs 
of hepatic cell failure like spider angiomas, white nails, 
testicular atrophy, etc which were expected to be present 
in such cases of cirrhosis were observed infrequently 
and mere absence of those signs did not exclude cases of 
cirrhosis19. In present study we found parotid enlargement 
48.57% cases, whereas19 found it to be present only in 
1.2% which were due to alcohol related cirrhosis cases 
were more in present study. In present study, we found 
that 80% patients were of CPC-A class and 17.14% were 
of CPC-B and only 2.86% patients were of CPC-C class. In 
present study, we had 80% cases of CPC-A which means 
patients with a good liver function, which is similar to 
study20 in which they found 71% cases of CPC-A (a good 
liver function). In our study, most of our patients were 
CPC grade A which supports the lower grade of CPC 
correlated with lesser level of encephalopathy. MHE and 
higher CPC scores were associated with a high health-
related quality of life (HRQoL) scores (reflecting poorer 
quality of life). In present study, we found 12.86% cases 
with esophageal varices all cases were in CPC-B and CPC-
C21. In present study MMSE score was 28.59+/-0.9922. The 
prevalence of MHE in cirrhosis depends on the kind and 
number of tests used and the population tested23,20. In this 
study, we have used at least 2 abnormal psychometric 
tests out of 3 for diagnosis of MHE7,8,11,24. Taken two 
abnormal psychometric test6,20 result and/or abnormal 

Table 7. Comparison of EEG waves between cases and controls

Cases (n=70) 
Mean ± SD

Control (n=70) 
Mean ± SD p-value

Alpha activity Frequency (Hz) 10.60 ± 1.59 11.61 ± 1.03 0.000 
Amplitude (mV) 35.43 ± 19.18 48.24 ± 7.26 0.000

Beta activity Frequency (Hz) 15.37 ± 1.46 15.40 ± 1.41 0.906
Amplitude (mV) 9.01 ± 1.01 9.09 ± 1.03 0.680

Theta activity Frequency (Hz) 5.77 ± 1.30 5.83 ± 1.32 0.797
Amplitude (mV) 10.24 ± 0.67 10.03 ± 0.74 0.075

Delta activity Frequency (Hz) 3.07 ± 0.92 3.06 ± 0.90 0.926
Amplitude (mV) 53.86 ± 9.64 53.34 ± 7.86 0.730
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slowing of EEG. Considered one abnormal psychometric 
test13,25 result. Severity of liver disease correlated with the 
presence of MHE20. Similarly, in our study as severity 
of liver disease increases indicated by CPC score, time 
required to perform psychometric test also increases. In 
our study, we compared frequencies and amplitude of 
waves in cases and controls. The change in frequency of 
alpha waves was found to be statistically significant in 
our study. This shows direct correlation that alpha waves 
show slowing of frequency in MHE patients. We applied 
the independent t test to our data for this analysis. These 
finding is similar to26 which showed low frequency alpha 
rhythm. Also was showing27 alpha rhythm which was 
disturbed by random waves at 5-7 per sec. The EEG could 
be still used for follow up examination and monitoring 
and estimation of prognosis28. Strength the study is, to 
our knowledge, we first time observed slowing of alpha 
waves as early indicator of MHE and correlated EEG with 
MHE in Indian population at a tertiary care hospital. 
Limitation of study was wide geographic coverage was 
not possible due to feasibility. Future study can explore 
the management and effect of early diagnosis related to 
MHE in specific work population.

5. Conclusion
For diagnosis of MHE, significant reduction in at least 
two of batteries of psychometric tests can be used. The 
slowing of alpha waves in EEG is seen in early MHE 
which may be used as supportive evidence as well as for 
monitoring and prognosis of the MHE.
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Devorah. Diagnostic Ultrasound, Ed. by Carol M Rumack. 
4rd edition. Philadelphia, PA: Elsevier/​Mosby, 2011. 2 v. 
xxii, 2031p. https://trove.nla.gov.au/version/227529277.

13.	 Yu-Yuan Li, Yu-QiangNie, et al. Prevalence of subclini-
cal hepatic encephalopathy in cirrhoticpatients in China, 
World J. Gastroenterol. August 15 2004; 10(16):2397-401. 
https://doi.org/10.3748/wjg.v10.i16.2397. PMid:15285027, 
PMCid:PMC4576296.

14.	 Groeneweg M, QueroJ e, De Bruijn I, Hartmann IJ, 
Essink-bot ML, Hop WC, Schalm SW. Subclinical hepatic 

https://doi.org/10.1053/jhep.2002.31250
https://doi.org/10.1002/hep.21533
https://doi.org/10.1016/j.jhep.2007.02.022
https://doi.org/10.1016/j.jhep.2007.02.022
https://doi.org/10.1002/hep.21586
https://doi.org/10.1002/hep.21586
https://doi.org/10.1111/j.1572-0241.2000.02265.x
https://doi.org/10.1111/j.1572-0241.2000.02265.x
https://doi.org/10.1002/hep.510280108
https://doi.org/10.1053/jhep.2002.31250.%20PMid:11870389
https://doi.org/10.1053/jhep.2002.31250.%20PMid:11870389
https://doi.org/10.3238/arztebl.2012.0180
https://doi.org/10.3238/arztebl.2012.0180
https://doi.org/10.4103/1319-3767.141692
https://doi.org/10.4103/1319-3767.141692
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1111/j.1440-1746.2010.06318.x
https://doi.org/10.1111/j.1440-1746.2010.06318.x
https://trove.nla.gov.au/version/227529277
https://doi.org/10.3748/wjg.v10.i16.2397


MVP Journal of Medical Sciences 65Vol 6 (1) | January-June 2019 | www.informaticsjournals.com/index.php/mvpjms

Nikhilkumar Pradipkumar Patel, Neelima Deodatta Chafekar and Pratibha Balasaheb Sonwane

encephalopathy impaires daily functioning, Hepatology. 
1998; 28:45-49. https://doi.org/10.1002/hep.510280108. 
PMid: 9657095.

15.	 Wilsnack RW, Wilsnack SC, Kristjanson AF, Vogeltanz-
Holm ND, Gmel G. Gender and Alcohol Consumption: 
Patterns from the Multinational Genacis Project, 
Addiction. (Abingdon, England). 2009; 104(9):1487-500. 
doi:https://doi.org/10.1111/j.1360-0443.2009.02696.x. 
PMid: 19686518, PMCid: PMC2844334.

16.	 Schenker S, Balint J, SchiffL. Differential Diagnosis of 
Jaundice: Report of a Prospective Studies of 61 Proved Cases, 
Am. J. dif. Dis. 1962; 7:449-63. https://doi.org/10.1007/
BF02232364. PMid: 13991584.

17.	 Nakamura T, Nakamura S, Suzuki O, Aikawa T, Onodera 
A, Karoji N. Clinical studies of alcoholic hepatic disease, 
Tohoku J. ExpMed. 1967; 240:571-78.

18.	 Ray R. The extent, pattern and trends of drug abuse in 
India. National Survey. United Nation Office on Drugs and 
Crime, New Delhi, 25 June 2004. 

19.	 Nadeem M, Yousaf MA, et al. The value of clinical signs in 
diagnosis of cirrhosis, Pak J. Med. Sci. 2005; 21(2):121-24.

20.	 Quero JE, Hartmann IJ, Meulstee J, Hop WC, Schalm SW. 
The diagnosis of subclinical hepatic encephalopathy in 
patients with cirrhosis using neuropsychological test and 
automated electroencephalogram analysis, Hepatology. 
1996; 24:556-60. https://doi.org/10.1002/hep.510240316. 
PMid:8781324.

21.	 Giovanni D. De Palma, MD, Maria Rega, MD, Stefania 
Masone, MD, Francesco Persico, MD, Saverio Siciliano, 
MD, Francesco Patrone, MD, Luigi Matantuono, MD, 
Giovanni Persico, MD. Mucosal Abnormalities of the Small 
Bowel in Patients with Cirrhosis and Portal Hypertension: 
A Capsule Endoscopy Study, Gastrointestinal Endoscopy. 
October 2005; 62(4):529-34. https://doi.org/10.1016/
S0016-5107(05)01588-9.

22.	 Michela Corrias, Matteo Turco, Michele D. Rui. Angelo 
Gatta, Paolo Angeli, Carlo Merkel, Piero Amodio, Sarni 
Schiff, Sara Montagnese. Covert Hepatic Encephalopathy: 
Doesthe Mini-Mental State Examination Help? Journal of 
Clinical and Experimental. June 2014; 4(1):2189-93. https://
doi.org/10.1016/j.jceh.2013.12.005. PMid:25755545, PMCid: 
PMC4116703.

23.	 Groeneweg M, Moerland W, Quero JC, et al. Screening of 
subclinical hepatic encephalopathy, J. Hepatol. 2000; 32:748-
53. https://doi.org/10.1016/S0168-8278(00)80243-3.

24.	 Weissenborn K, Ennen JC, Schomerus H, Rückert N, 
Hecker H. Review: Neuropsychological Characterization 
of Hepatic Encephalopathy, J. Hepatol. 2001; 34:768-73. 
https://doi.org/10.1016/S0168-8278(01)00026-5.

25.	 Saxena N, Bhatia M, Joshi YK, Garg PK, Dwivedi SN, Tandon 
RK. Electrophysiological and Neuropsychological Tests for 
the Diagnosis of Subclinical Hepatic Encephalopathy and 
Prediction of Overt Encephalopathy, Liver. 2002; 22:190-97. 
https://doi.org/10.1034/j.1600-0676.2002.01431.x. PMid: 
12100568.

26.	 Amodio P, Marchetti P, Del Piccolo F, de Tourtchaninoff 
M,Varghese P, Zuliani C, Campo G, Gatta A, Guerit JM. 
Spectral Versus Visual EEG Analysis in Mild Hepatic 
Encephalopathy, Clin. Neurophysiol. 1999; 110:1334-344. 
https://doi.org/10.1016/S1388-2457(99)00076-0.

27.	 Parsons-Smith BG, Summerskill WHJ, Dawson AM, 
Sherlock S. Theelectroencephalograph in liver disease, 
Lancet. 1957; 2:867-71. https://doi.org/10.1016/S0140-
6736(57)90005-3.

28.	 Weissenborn K. Diagnosis of Minimal Hepatic 
Encephalopathy, Journal of Clinical and Experimental 
Hepatology. 2015; 5(Suppl 1):S54-S59. doi: https:// 
doi.org/ 10.1016/ j.jceh.2014.06.005. PMid:26041959, 
PMCid:PMC4442856.

How to cite this article: Patel NP, Chafekar ND, and Sonwane PB. 
Slowing of Alpha Waves on EEG, an Early Marker of Minimal Hepatic 
Encephalopathy. MVP J. Med. Sci. 2019; 6(1):60-65.

https://doi.org/10.1002/hep.510280108
https://doi.org/10.1111/j.1360-0443.2009.02696.x
https://doi.org/10.1007/BF02232364
https://doi.org/10.1007/BF02232364
https://doi.org/10.1002/hep.510240316
https://doi.org/10.1016/S0016-5107(05)01588-9
https://doi.org/10.1016/S0016-5107(05)01588-9
https://doi.org/10.1016/j.jceh.2013.12.005
https://doi.org/10.1016/j.jceh.2013.12.005
https://doi.org/10.1016/S0168-8278(00)80243-3
https://doi.org/10.1016/S0168-8278(01)00026-5
https://doi.org/10.1016/S1388-2457(99)00076-0
https://doi.org/10.1016/S0140-6736(57)90005-3
https://doi.org/10.1016/S0140-6736(57)90005-3
https://doi.org/10.1016/j.jceh.2014.06.005
https://doi.org/10.1016/j.jceh.2014.06.005

