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INTRODUCTION 
 
Peritonitis denotes inflammation of the serous       
membrane lining the peritoneal cavity  and abdominal  
viscera  from any cause [1]. It has been further        
classified into primary, secondary and tertiary.        
Secondary peritonitis or suppurative peritonitis is due 
to gastro-intestinal perforation, injury, haemoperitonitis, 
anastomotic dehiscence, or a gangrenous or  infected 
hollow viscus. or organ.   Until the end of the last    
century, peritonitis was treated medically, with a      
resultant mortality of over 90%.  Since then many inter-
ventions have been made to reduce the incidence of 
mortality due to peritonitis, and is presently reported to 
be 13-43% [2]. With such high prevalence of mortality, 
management chiefly depends on early detection of  
peritonitis. In order to identify the high risk group in  
these patients, many simple scoring systems have 
been developed. One of them, which is very simple to 
apply, is Mannheim Peritonitis Index (MPI). This index 

is based on measuring very simple clinical             
parameters, which are routinely performed during 
admission to the hospital and findings during surgery 
available from the operation notes. MPI was          
developed by Wacha and Linder (1983) based on 
retrospective analysis of 1253 patients with peritonitis
[3]. Twenty possible risk factors were taken into     
consideration, out of which eight were found to be of 
prognostic value (Table 1). The maximum possible 
value was 47 while the minimum was zero. The     
information is collected during the first laparotomy 
enabling immediate classification.  The aim of this 
study was to evaluate the Mannheim Peritonitis Index 
in determining the outcome in patients operated for 
secondary peritonitis in Hospital Universiti Sains   
Malaysia, and to assess individual risk factors for their 
contribution towards mortality.  
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ABSTRACT 

Management of  peritonitis  continues to be a challenge inspite of recent advances in surgical care and 

technology . Many scoring systems have been developed to study the associated risk factors in order to 

predict the outcome and develop strategies for improved care.  The objective of this study was to     

evaluate the Mannheim Peritonitis Index (MPI) in determining the outcome of patients operated for 

secondary peritonitis in Hospital Universiti Sains Malaysia (HUSM). A total of 113 patients with        

peritonitis undergoing surgical treatment at HUSM  between 1 Jan 2013 and 31Oct 2014 were included 

in the study. Demographic and clinical data, and findings at surgery were documented and analysed 

using SPSS software . Pearsons Chi-square was used as a statistical test for significance with p value  

≤ 0.05. The mean MPI score was 25.22(±8.03) with the lowest score of 10 and highest of 43. The 

threshold MPI score was 26.5 and there was only 1 death which occurred below this score. The      

significant predictive factors for mortality were age >50 years, gender, organ failure and diffuse       

generalised peritonitis. Further, all parameters for MPI affected the scoring except source of sepsis from 

noncolonic origin. The ROC curve for mortality showed a sensitivity of 94.7% and specificity of 70.2% at 

a threshold MPI of 26.5. The MPI score is a simple and effective means to predict the outcome of   

patients with secondary peritonitis in HUSM. 
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RESULTS 
 
From January 1, 2013 to October 31, 2014, the      
records of 113 patients with secondary peritonitis 
who were operated were reviewed and included in 
the study. Of the 113 patients, 64 were males and  
49 were females. There were more males than   
females (ratio 1.3:1). The ages ranged from 15 to 99 
years, with a mean of 45 years. Among the causes 
of secondary peritonitis,  appendicular perforation 
(49.6%) was the most common. Other causes were 
gastric  perforation (14.2%), small bowel perforation 
(8.8%), colonic perforation of non-cancer origin 
(8%), perforated colon cancer (3.5%) etc (Table 2).  
 
Out of the 113 patients in this study 19 patients 
died, with overall mortality of 16.8% (Figure1). In 
this study there were 66 patients aged 50 years and  
below, out of whom three patients died , giving a 
mortality of 4.5% (3/66). There were 47 patients 
aged ≥ 50 years old. Among this group the mortality 
rate is 34% (16/47). This suggests that age is a   
significant contributor to mortality. There were 64 
male patients and 49 females. The mortality for 
males is 15.6% (10/64) and for females it is 18.4% 
(9/49). Females in this study had higher mortality.  
41(36.3%) patients in this study had at least one 
type of organ failure most commonly shock followed 
by intestinal failure. The mortality rate of 46.3% is 
statistically significant (p=0.0001).  Three of 10   
patients who had malignancy of some organ system 

MATERIAL AND METHODS 
 
This observational retrospective record review was 
conducted at the Surgical department of Hospital   
Universiti Sains Malaysia (HUSM), in the state of   
Kelantan, Malaysia. Ethical approval was obtained 
from the HUSM Ethics and Research Committee and 
permission to review the hospital records from the 
hospital director. The study included 113 patients 
aged above 12 years in whom  secondary peritonitis 
was confirmed at laparotomy or laparoscopy.         
Exclusion criteria were patients below 12 years, those 
whose records were incomplete, those with primary 
and tertiary peritonitis, and those who underwent   
surgery for similar pathology elsewhere within the last 
six months. Proforma was designed to collect and 
enter demographic data and findings at surgery. 
Mannheim Peritonitis Index was then used to         
calculate prognostic score for each of the eight      
parameters according to the values set in Table 1. A 
cut-off score of 26 was set to predict mortality based 
on Billings (1994) study [4].  
  
Data collected was analysed using SPSS version 21 
(IBM, Chicago, IL,USA). Pearson Chi-square and  
Independent T-test was used to test validity of each of 
the eight MPI values. Results were summarised using 
Receiver Operating Characteristic (ROC) analysis  
and Area Under the Curve  (AUC) was calculated. A  
p-value of <0.05 was considered statistically          
significant. 

Table 1: MPI scoring with weightage for each of the eight risk factors  

Number Risk Factors Weightage when present

1 Age >50 years 5

2 Female Sex 5

3 Organ Failure** 7

4 Malignancy 4

5 Preoperative Duration of Peritonitis >24 Hours 4

6 Origin of Sepsis Non-Colonic 4

7 Diffuse generalised Peritonitis 6

8 Exudate (Intra-operative )    

  Clear 0

  Cloudy/Purulent 6

  Feculent 12

** Definition of Organ Failure 

Kidney Creatinine level >177 umol/L,
Urea level >16.7mmol/L,
Oliguria <20ml/h

Lung PO2 < 50 mmHg  ,PCO2 >50 mmHg

Shock Systolic Blood Pressure  < 90 mmHg without inotropes

Intestinal obstruction Paralysis > 24 Hr or Complete Mechanical Obstruction

Total  MPI Score =
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died {Mortality30% (3/10)}. On MPI analysis this was 
found to be a significant risk for mortality.  In our 
study, in patients having   duration of   peritonitis < 24 
hours, the mortality rate is 4.3% (1/23). Meanwhile,  
in  the  other group when duration of preoperative 
peritonitis was >24 hours, the mortality rate is 20% 
(18/90). Late presentation is a  significant risk for 
mortality. The mortality for diffuse peritonitis in this 
study is 21% (18/65), compared to localised  peritoni-
tis where mortality was only 3.6% (1/28). This is   
significant. Similarly, the mortality when exudate was 

purulent or cloudy was 17% (15/88) and when the 
exudate was feculent the mortality was 16%(4/25).  
 
Mannheim Peritonitis Index was used to evaluate 
each of the eight parameters mentioned in Table 1, 
and assess the statistical significance of each factor 
to predict mortality (Table 3).  When Pearson Chi-
square test was applied to test each of the eight MPI 
parameters, only 4 factors had a significant outcome 
to the survival of patients (Table 3). The four factors 
are age more than 50 years, female sex, presence of 

Causes Frequency Percentage 

Small bowel perforation 10 8.8 

Gastric perforation  16 14.2 

Duodenal perforation 2 1.8 

Appendicular perforation 56 49.6 

Colon perforation other than cancer 9 8.0 

Perforated colon carcinoma 4 3.5 

Pelvic inflammatory disease 1 0.9 

Tubo-ovarian abscess 2 1.8 

Ruptured liver abscess 3 2.7 

Perforated gall bladder 1 0.9 

Post –bowel anastomotic leak 4 3.5 

Other causes   5 4.4 

Total 113 100 

Table 2:  Causes of Secondary Peritonitis in HUSM 

 Figure 1:     
Percentage of patients who died or survived (N=113)  

 Figure 2: ROC Curve For Sensitivity and Specificity 
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organ failure, and diffuse generalised peritonitis 
(p=0.0001).  
 
The other  four factors namely; the presence of     
malignancy, source of sepsis, preoperative duration 
of peritonitis more than 24 hours, and nature of     
peritoneal exudates did not contribute to survival   
outcome as an independent variable. But when all the 
eight parameters were studied independently for   
relationship to mean MPI scores using the             
Independent T-test, all showed significance except for 
non-colonic origin of sepsis (p=0.079). 
 
In this study the mean MPI score is 25.22 (SD ±8.03) 
with a score of 10 as the lowest and 43 as the high-
est.  The minimum possible score is 0 and the      
maximum is  47. The ROC curve for mortality showed 
the best sensitivity at 94.7% and specificity of 70.2%,  
corresponding to the MPI score of 26.5.       
  
The MPI threshold score of 26.5 was analysed to the 
survival outcome. In this study only 1 death was    
recorded among the patients with secondary         
peritonitis having MPI score of 26.5 and  below . The 
remaining 18 deaths were recorded in patients whose 
MPI score was  greater than 26.5. (Figure 3). Higher 
MPI scores are predictors of mortality (p<0.0001). 
 
 
DISCUSSIONS  
 
Inspite of recent advances in surgical techniques and 
postoperative care, the mortality in secondary        
peritonitis remains unacceptably high.  Billings (1994) 
in a multicenter study   reported a mean mortality of 
19.5% [4]. Others have reported mortalities reaching 
up to  60% in their studies[5,6]. In this study the    
mortality rate was 16.8%, comparing favourably with 
most other studies [1,4,7]. Surgical and medical    
management may be favourably influenced by early 
prediction of mortality. Out of the several scores   
available, the Mannheim Peritonitis Index and the 

Apache II score can independently predict the out-
come of sepsis in peritonitis [8]. The MPI however is 
easier to apply and uses details readily available 
from the  patient records, with accuracy matching the 
APACHE II scores [9,10]. 
 
In previous studies patients with MPI score of less 
than 21 had mortality rate ranging from 0% - 2.3%, 
and with MPI more than 29, highest mortality rates 
even up to 100%  was observed [4,11].  However, in 
a study by Qureshi (2005)  at a threshold MPI score 
of 26 , the mortality was 4.3 % in patients having MPI 
below 26 , and 28.1% when  MPI was above 26 [12].   
 
In the present study, mortality was 1.5% when MPI is 
less than 26 whereas it was 39.0% with MPI score of 
>26 comparing favourably with other studies [1,7] 
(sensitivity  94.7%, specificity  70.2%). An optimal 
cut off point for MPI is one at which the maximum 
values of sensitivity and specificity of the score can 
be obtained and it is identified from the ROC curve. 
In this study the AUC of 0.947 indicates that MPI is a 
good indicator of mortality.  
 
The age range of patients in this study is 15-99  
years , similar to a study in Srinagar, India where the 
age range was 15-90 years [13]. The mean age was 
45 years similar to the Iranian study by Notash [14] 
where the mean  age was 44  years . However   
studies from Western populations show relatively 
higher age ranges from 46-64.8 [1-3,15].  This is 
probably due to higher life expectancy and higher 
prevalence of colon related pathology [15].  Most 
studies reported age >50 years to be a significant 
risk factor for mortality. This can be explained on the 
basis of poorer physiological and immunological  
responses to the stress caused by sepsis in older 
patients[16].  In our study, the mortality rate for    
patients over 50 years was 34%, which is strongly 
significant (p=0.0001). Boey (1982) did not find age 
to be a significant risk factor for mortality [17].       
Majority of the patients included in  his study had 

Variable    Outcome   Chi-square Mean MPI   T-test 

  Survived n(%) Dead n(%)       

Age>50yrs 31 (66) 16 (34)   0.0001 31 0.0001 

Female Sex 40 (82) 9 (18)   0.0001 28 0.0001 

Organ failure 22 (53.7) 19 (46.3)   0.0001 32 0.0001 

Duration>24 hrs 72 (80) 18 (20) 0.115 27 0.0001 

Malignancy 7 (70) 3 (30) 0.368 35 0.0001 

Diffuse peritonitis 67 (78.9) 18 (21.1) 0.039 28 0.0001 

Peritoneal Exudate       
- Cloudy 73 (83) 

                   

15 (17) 1.000 24 0.0001  
- Fecal 21 (84) 4 (16) 1.000 31 0.0001 

- Noncolonic origin 78 (84.8) 14 (15.2) 0.343 25 0.0079 

Table 3:Distribution  of MPI variables and outcome of patients 
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duodenal perforation, where risk for sepsis is less 
than other types of peritonitis.   
 
In  the Linder  scoring scale for MPI  5 points have 
been added to the MPI if the patient is female [3].  
Most studies have reported a higher mortality among 
females with peritonitis [18-22].  The mortality rate 
for females in this study was 18.4% (8/49). The 
mean MPI score of 28 was strongly significant 
(P=0.0001). It is possible that in females with   their 
smaller    peritoneal cavity, infections tend to spread 
faster leading to higher mortality. Nevertheless,   
other  studies have  not found female  gender to be 
a significant risk factor for mortality [12,23-25].  This 
may be due to possible  differences   in demographic 
pattern and cut-off values for MPI  in those studies.  
 
Almost all studies done worldwide quote organ    
failure as a major risk factor for death in peritonitis
[12,14,16,18,24-25]. The systemic inflammatory  
response (SIRS) induced by the peritoneal infection 
usually leads to septic shock and multiorgan failure. 
In our study 19 out  of 51 patients had at least one 
failed organ at the time of death , The high MPI 
score of 33 with  a mortality rate of 46.3% is strongly 
significant (p=0.0001), conforming to most other 
studies. Probable reasons could be late presentation 
of the patient and time taken to stabilise the patient 
before laparotomy. 
 
Presence of malignancy in any system produces 
destruction of anatomical barriers and probable   
alterations of immune systems by decreased     
phagocytic  activity, humoral and cellular responses. 

Hence peritonitis in oncologic patients presents 
with higher mortality as reported by various studies
[12,15,24,26]. However other studies were           
inconclusive probably due to the small number of 
patients in their studies [21,25].  In this study, three 
of 10 peritonitis patients who had malignancy died 
(30% mortality). The MPI scores for those with and 
without malignancy were 35 and 21 respectively. 
This was strongly significant (p=0.0001). Hence 
malignancy in our study is a useful prognostic   
indicator. 
 
The majority of patients in this study presented to 
the hospital after 24 hours from the onset of   
symptoms . 20% of them died as a result of late 
presentation. With a MPI score of 27 on             
Independent T-test, this was significant 
(p=0.0001). Probable causes are tendency of the 
local population to neglect their symptoms, belief in 
traditional medicinal systems, or lack of proper  
referral systems. Some authors have noted zero 
mortality when duration of peritonitis is less than 24 
hours[16].  On the other hand Notash (2005) found 
mortality to be 11.4% when patients presented 
within 24 hours[14] . Differences in demographics 
and types of pathology could be the reason.  
 
14 (15.2%) of our patients in this study died when 
their perforation was not from the colon. With a 
MPI score of 25 this was not found to be            
statistically significant (0.079). This correlates with 
findings in  other studies [12,15]. Our local          
population unlike their Western counterparts are 

Figure 3:     MPI threshold score related to the survival outcome  
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probably less prone for   colonic pathology and hence 
less risk for mortality. 
 
Diffuse generalised peritonitis denotes the spread of 
the inflammatory process within the peritoneal cavity. 
This is identified at  laparotomy  by the finding of 
cloudy, purulent or faecal exudates in two or more 
quadrants. In this study, 75% of patients had diffuse 
generalised peritonitis, with a MPI score of 28 and   a 
mortality of 21.1%. This was a   significant MPI     
predicator (p=0.0001), comparing favourably with  
previous studies [1,10,21,25].   
 
Peritoneal exudates can be clear, and  considered to 
be probably sterile in the early stages, purulent or 
cloudy, and frankly feculent. Faecal exudates are  
generally of colonic origin with a high microbial      
content mainly due to gram negative organisms. In 
this study there were no clear exudates.  15 out of 88 
patients with purulent exudates died (mortality 17% 
and MPI of 24). Of the 25 who had faecal exudates, 
four patients died (mortality 16% and MPI of 31). 
Pearsons Chi-square showed no significance 
(p=1.000) but between groups analysis showed    
presence of faecal exudates to be a  significant risk 
factor (p=0.0001) .Our finding compares favourably 
with previous studies [9,12,18,25].  
 
This  retrospective  study is limited by the small     
population in Kelantan, which may not be               
representative . There are limited or scarce reports 
available to compare our results within the Malaysian 
population. Sepsis of noncolonic origin was not a   
significant risk factor in this study. Hence, the MPI can 
be widened to include colonic perforation as a risk 
factor for sepsis to increase its validity. 
 
 
CONCLUSION 
 
The results of our study conform favourably with    
previous studies done elsewhere. All the MPI adverse 
factors except origin of sepsis being noncolonic,    
behaved as expected, with age ,gender, organ failure 
and diffuse peritonitis showing strong significance. 
High MPI scores were found to be associated with 
higher mortality. We can conclude that MPI score is a 
safe and reliable predictor for mortality in patients with 
secondary peritonitis.  
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ABSTRACT 

A study was conducted to study the distribution of fingerprint patterns among Malaysian population, 

specifically on the right and left hands, gender, major ethnic groups and siblings. A total of 192 subjects 

in the age of 14 and above were involved. For public citizen, 96 subjects were selected from University 

Kebangsaan Malaysia Kampus Kuala Lumpur (UKMKKL) while 96 siblings were recruited from families 

around Kuala Lumpur. Ten fingerprints were collected from each subject and the pattern was classified 

into whorls, loops, arches and composites patterns. The study revealed the most likely fingerprint    

patterns to occur on a specific finger as well as in a specific ethnicity. Fingerprint patterns were       

dependent upon the finger on which they occur. Statistical analysis indicated that right and left hands 

could be distinguished by whorl pattern. However, fingerprint patterns did not show any differences 

between males and females. Loops and whorls were the most predominant pattern in all studied ethnic 

groups. Malays and Chinese had similar distributional patterns which was different with Indians. Finger-

print patterns showed a significant difference among three major ethnic groups (p < 0.01) especially on 

the left and right thumb, right index as well as right middle finger. Siblings demonstrated greater      

similarity of all fingerprint patterns than non-siblings except for the arch pattern. The present study  

suggested that fingerprint pattern could be inherited genetically but not linked to sex chromosome.  

Original Article 
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INTRODUCTION 
 
Among all the methods of identification, fingerprint has 
proved to be both infallible and feasible. Its superiority 
over the older methods, such as branding, tattooing, 
distinctive clothing, photography, and body measure-
ments, has been demonstrated time after time [1]. So 
far, fingerprints have been used for more than 100 
years as the most popular biometric signs of identity in 
both civil and criminal cases because of their unique 
properties of absolute identity [2]. It has been          
estimated that chances of two persons having identical 
finger impression is about one in sixty four thousand 
million population of the world. Identical twins share 
the same DNA profile, yet their fingerprints are as   
distinctive as any unrelated persons. Therefore, no 
two fingers are found to have identical prints [3]. 
 
The ridge patterns are formed in the human fetus   
before birth and remain the same throughout a       
person‘s life except in the case of accidents, such as 
bruises and cuts on the finger tips [4, 5]. Anyway,   
fingerprints remain the same even after small cuts or 
abrasions affecting the skin surface because the skin‘s 

regeneration was based on the original dermis    
pattern. Only deep cuts that damaged the dermis 
will result in a permanent scar [6]. The patterns of 
fingerprints become fixed when a person is about 14 
years or older [7]. 
 
Fingerprint classification refers to the problem of 
assigning a fingerprint to a class in a consistent and 
reliable way. Fingerprints are made up of a number 
of easily recognizable features that permit them to 
be classified and filed for later reference [8]. It is an 
important indexing scheme to narrow down the 
search of fingerprint database for efficient large-
scale identification. Therefore, the identification  
process can be speeded up by reducing the number 
of comparisons that are required to be performed. 
However, it is still a challenging problem due to the 
intrinsic class ambiguity and the difficulty for poor 
quality fingerprints [9]. Most of the classification 
schemes currently used worldwide is variants of 
Henry‘s classification scheme which include four 
most common classes of fingerprint, i.e. arch, loop, 
whorl and composite [10]. 
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Even though every fingerprint pattern occurred in 
every ethnic, some fingerprint patterns noticeably 
dominant in some ethnic group than the others did. 
For instance, whorl is the most dominant pattern in 
fingerprint of Asians. On the other hand, there is 
some correlation between both the class and       
minutiae-based similarity between the fingerprints of 
parents and their children, and the same pattern 
was also observed for identical twins. The similarity 
between the fingerprints of siblings was found to be 
higher than that between those of parents and their 
children [4]. 
 
The purpose of this research is to study the          
distribution of fingerprint patterns among              
Malaysians, specifically on public citizen and       
siblings. There are no studies available on the     
distributional pattern of fingerprint for siblings in   
Malaysian population. In Malaysia, there are three 
major ethnic groups which are Malay, Chinese and 
Indian as well as other minorities such as Iban and 
Kadazan. The three major ethnic groups in Malaysia 
were selected to be participated in this study. The 
population in Malaysia now is constituted of 65.1% 
of Malay, 26% of Chinese, 7.7% of Indian and the 
balance 1.2% containing others minority groups [11].  
Thus, the ratio of each ethnic selected is represent-
ing Malaysian population. 

 
 

MATERIALS AND METHODS 
 
The study was conducted on 192 subjects aged 
from 14 years old and above [7]. For public citizens, 
96 subjects were chosen randomly from Universiti 
Kebangsaan Malaysia Kampus Kuala Lumpur 
(UKMKKL) with 64 Malays, 25 Chinese and 7      
Indians. To be confirmed as Malaysian, subject was 
asked to present their Malaysian Identification Card 
(Mykad). Another 96 siblings were chosen randomly 
around Kuala Lumpur. Only those siblings with 
blood relationship in a family were allowed to take 
part in this study. A total of ten fingerprints were  
taken from each subject by using Perfect Ink PI-10 
(Identicator Inc, California). Individuals that have at 
least three generations of same ethnic group      
marriage were included and those who are not were 
classified as ―unpure‖ and omitted. On the other 
hands, subjects with any evidence of disease and 
injury of the fingertips that are likely to alter the    
fingerprint pattern such as leprosy, scars of the   
fingertips and lacerations were excluded. Only those 
with ten fingers were included in this study. 
 
This study was approved by UKM ethics committee 
prior to commence of the study. Consent was      
obtained in writing prior to the collection of the   
samples using black ink and white paper method.    
Subjects were asked to wash and dry their hands to 
remove dirt and grease. They were then asked to 
roll the finger pads very gently on the ink pad and 
then let the researcher to roll it slowly and very   
gently on the form with labels. The subject was 
asked to keep his/her arm relaxed and not to try to 

help in rolling the fingers as this may cause   
smudging. 
 
The fingers were always rolled away from the body 
of the subjects [3]. Besides, the fingers were rolled 
from side to side in order to obtain all available ridge 
detail [1]. Hence, the ten prints were taken          
individually – thumb, index, middle, ring and little 
fingers of each hand in the order named. The      
pattern of each fingerprint was then determined by 
researcher with the aid of a hand magnifier Armor 
Forensics 5-1000 (Lightning Powder Co., Germany). 
The patterns used in this study included arch, loop, 
whorl and composite [6]. 
 
The data were then subjected to statistical analysis 
by using Statistical Package for Social Science 
(SPSS) 23.0. Mann-Whitney U test was used to  
determine the presence of significant difference of 
fingerprint pattern between right and left hands. In 
addition, the differences of fingerprint pattern      
between gender as well as its similarity among    
siblings and non-siblings were determined by the 
same test. On the other hand, Chi-Square test for 
independence was used to study the distribution of 
fingerprint pattern among races in Malaysia. 
 
 
RESULTS 
 
Digits were numbered according to Henry‘s 
classification system in which 1 to 5 were 
designated for fingers on right hand while 6 to 10 for 
the left hand arranged accordingly from thumb to 
little finger [3]. Figure 1 shows the distribution of 
fingerprint patterns across all the fingers among 
Malaysian. On the whole, loop was the most 
frequent fingerprint pattern. Notwithstanding this, 
frequency of loop pattern was the highest on little 
fingers and followed by middle fingers from both 
hands. Whorl pattern was most noticeably observed 
only on ring fingers from both hands. In contrast, 
arch pattern was rarely observed across all the 
fingers with the highest percentage of merely 5.2% 
on index finger from left hand. In addition, ring 
fingers and little fingers did not show any presence 
of arch pattern. As regard to composite pattern, 
thumb and index fingers from both hands indicated 
the most evident frequency compared to other 
fingers. 
 
The distribution of fingerprint patterns for left and 
right hands was showed in Table 1. Overall, both 
hands demonstrated the same distribution pattern 
arranging from the highest to the lowest frequencies 
accordingly i.e., loop, whorl, composite and arch 
pattern. The frequency of loop, arch and composite 
pattern was greater on left hand while the right hand 
showed higher frequency of whorl pattern. The 
output of statistical analysis showed that frequency 
of whorl pattern was statistically significant different 
(p < 0.05) between left and right hands. In contrast, 
both hands showed no statistically different (p > 
0.05) for loop, arch as well as composite pattern. 
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With regard to gender, the distribution of fingerprint 
pattern was showed in Table 1. Male and female 
possessed the same distribution pattern. In spite of 
this, male displayed the greater occurrence of whorl 
and composite pattern whereas female showed the 
higher frequency of loop and arch pattern. 
Regardless of this, the frequency differences of 
fingerprint patterns was vague among the gender. 
With statistical analysis, the relationship of the 
fingeprint patterns and the gender failed to be 
significant (p > 0.05). 
 
In respect of the ethnic groups, the frequency     
distribution of fingerprint patterns was showed in 
Table 1. Similar distribution pattern was observed in 
Malays and Chinese. In other words, Indians 
showed different distribution pattern if compared 
with Malays and Chinese. Apparently, percentage of 
loop pattern was extensively greater than the other 
patterns especially for Malay and Indian. Whorl   
pattern was the most frequent to be observed after 
loop pattern. All races demonstrated high frequency 
of whorl pattern with the highest being observed in 
Chinese. Percentage of arch pattern was markedly 
high in Indian (10%) by comparing with Malay 
(0.8%) and Chinese (0.8%). Moreover, composite 
pattern was present in every ethnic groups with the 
greatest frequency in Chinese. As a whole, Malay 
showed a moderate frequency of fingerprint pattern 
in comparison with the other studied races.  
 
In accordance with statistical analysis using the chi-
square test, there was significant difference (p< 
0.01) in distribution of fingerprint patterns in all ten 
fingers among three major ethnic groups in         
Malaysia. Statistically, the alpha level of less than 
0.01 resulted in a high dependency between finger-
print patterns and ethnic groups. Furthermore, pat-
tern frequency on four out of ten fingers had been 
proved to be significantly different (p < 0.05) among 
the ethnic groups. The mentioned fingers including 
left and right thumb, right index as well as right   
middle finger. On the other hand, Malaysian 
population demonstrated 30.10% whorl, 52.40% 
loop, 1.50% arch and 16.00% composite pattern. 
Loop and whorl patterns were the most dominant 
pattern followed by composite and arch patterns in 
Malaysian population. 
 
The average of similarity for fingerprint pattern had 

been compared between siblings and non-siblings 
group. The distribution of similarity was showed in 
Figure 2. Generally, similarity of all studied patterns 
was greater and manifest in siblings in comparison 
with non-siblings. The output of statistical analysis 
showed that there was a significant different (p< 
0.05) of similarity for all the studied patterns 
between siblings and non-siblings with the 
exception of arch pattern (p > 0.05). 

 
 

DISCUSSIONS 
 
The findings for distribution of ten fingerprints were 
in agreement with the studies by Swofford (2005) 
and Nithin et al. (2009) [3, 12]. This study revealed 
that fingerprint pattern was dependent upon the  
finger on which they occur. Despite the fact that 
every fingerprint pattern occurred on every finger, 
some fingerprint patterns noticeably dominated  
specific fingers more than others did. With the    
outcome of present study, the fingers on which the 
fingerprints occur can be predicted in order to     
expedite the comparison of latent prints found at 
crime scene to known ten prints database. This can 
be done by narrowing the search parameters as to 
the most likely finger before comparison. 
 
The findings of same distribution pattern for both 
hands were in agreement with Endom et al. (2009), 
Narahari & Padmaja (2006) and Nithin et al. (2009) 
[3, 13, 14]. In addition, the findings of pattern 
frequencies on right and left hands were in 
agreement with Narahari et al. (2008) [15]. 
However, Segura-Wang & Barrantes (2009) 
reported a different findings [16]. The difference 
could be due to different target population which 
may showed dissimilar distribution of fingerprint 
patterns. 
 
This study revealed that both right and left hands 
may be differentiated through the pattern of whorl. 
This findings partially supported previous studies 
saying that fingerprint patterns and the hands on 
which they occur were not dependent upon each 
other [12, 17]. In fact, along with bilateral symmetry 
of both hands, there could be a relatively equal 
number of the same fingerprint patterns occuring on 
the two hands [12]. Moreover, fingerprint patterns 
on an individual‘s left and right hands were often 

Fingerprint 
Patterns 

Hands (%) Genders (%) Races (%) 

Left Right Males Females Malays Chinese Indians 

Loop 53.75 51.04 48.14 55.85 55.30 43.20 58.60 

Whorl 25.83 33.96 32.80 27.74 28.60 36.00 22.90 

Composite 18.75 13.75 17.91 14.72 15.30 20.00 8.60 

Arch 1.67 1.25 1.16 1.70 0.80 0.80 10.00 

Table 1: Percentage of fingerprint patterns for public citizens 
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similar to mirror image of each others. This was due 
to the genetic basis for volar pad formation [18]. 
Nevertheless, the percentage differences of every 
single patterns was indistinct as a whole. 
 
The same distribution pattern between males and 
females was in agreement with Gutiérrez-Redomero 
et al. (2010) [19]. Regarding the pattern frequencies 
among genders, a number of previous studies 
reported the similar findings with the present study 
[3, 15, 20-23]. This tendency was probably indicative 
of the modulatory influence of genes on the 
segments of the sex chromosomes have on the 
several ontogenic processes regulating ridge pattern 
morphogenesis in utero [20].  
 
Fingerprint patterns and the gender on which they 
occur were not dependent upon each other. Hence, 
the present study revealed that gender could not be 
differentiated by using fingerprint patterns. The 
findings were in agreement with [13, 14, 19, 22, 24]. 
With respect to the findings, it suggested that 
fingerprint pattern did not inherited genetically via 
chromosome Y. If the gene determination for 
fingerprint pattern was located on chromosome Y, it 
was very likely that higher frequency of certain 

fingerprint patterns can be observed on male. 
Furthermore, with no significant different among 
gender, it could also proposed that fingerprint 
pattern did not inherited genetically via sex 
chromosome. Nonetheless, further study on this is 
necessarily to confirm the reliability of the fact. 
 
With regard to ethnic groups, the findings of similar 
distribution pattern among Malays and Chinese 
were in agreement with previous similar study on 
Malaysian population by Endom et al. (2009) [13]. 
The present study revealed that even though every 
fingerprint pattern occurred in every race, some 
fingerprint patterns markedly being observed in 
some races more than the others. Sharma et al. 
(2008) [25] and Endom et al. (2009) [13] reported 
the similar findings with the present study in which 
races could be differentiated by fingerprint patterns. 
It is concluded that races could be differentiated by 
fingerprint patterns in regard to genetic variation 
among different races in Malaysia [13]. Sharma et 
al. (2008) [25] also suggested that differences of 
fingerprint features might be according to the 
genetic differences among the studied populations, 
characterized by different geographical conditions, 
ethnicity and linguistic backgrounds.  

Figure 2: Similarity of fingerprint patterns between siblings and non-siblings 
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With respect to the significant different among     
ethnics, it is proposed the usage of these four     
specific fingers to discriminate major ethnics in    
Malaysia. Despite the fact that fingerprint pattern 
could not be used to identify individual, it may     
reduce the database search scope and further    
decrease the necessary comparison to be proceed 
[9]. For instance, timesaving database searching 
can be achieved by identifying or narrow down the 
race for fingerprint pattern which was found at crime 
scene. In this manner, this could possibly increase 
the effectiveness in solving the criminal cases in the 
country. 
 
The similar distribution pattern with Malaysian 
population had been reported in a number of 
previous studies [13, 26, 27]. The fingerprint 
patterns were predominantly affected by two 
combined timing events i.e., the onset of epidermal 
cellular proliferation and the timing of the regression 
of the volar pads [12]. Early ridge formation was 
associated with whorl, later formation with arch, and 
intermediate formation with loops [28]. Since loop 
was the most dominant pattern, it can be concluded 
that fetus from Malaysian population has the onset 
of ridge proliferation during the middle stages of 
volar pad regression while the volar pad is most 
likely asymmetrical. 
 
Because of the genetic basis for the formation of 
volar pad, overall ridge flow or pattern classification 
is often similar between siblings, especially identical 
twins [18]. On the other hand, siblings shared 50% 
of their genetic information [29, 30] while non-
siblings did not share any of their genetic material. 
For this reason, the present study revealed that 
fingerprint pattern may be inherited genetically with 
the greater similarity of patterns among siblings. 
Rastogi and Pillai (2010) [23] reported that there 
was a strong assocsiation between human blood 
group with fingerprint patterns. In actual fact, people 
inherit two genes for blood type or more accurately 
two alleles, one from each parents, which determine 
the blood type [31]. Hence, it suggested that 
fingerprint pattern was indirectly inherited genetically 
from parents. 
 
The statistical outcome may indicates that siblings 
and non-siblings could be distinguished by similarity 
of whorl, loop and composite patterns on their 
fingers. Although the similarity of arch pattern was 
higher among siblings, it was not statistically 
different with similarity among non-siblings. 
Notwithstanding this, its significant level (p = 0.054) 
was very close with the border line of significance (p 
= 0.05). This could probably due to insufficient 
sample size to show its significance. 
 
 
CONCLUSION 
 
The most predominant pattern among Malaysian 
population was loop, followed by whorl, composite 

and arch. Fingerprint patterns were dependent  
upon the finger on which they occur. Right and left 
hands could be distinguished by whorl pattern.   
Irrespective of the gender, fingerprint patterns did 
not show any difference. It is suggested that finger-
print pattern can be used to narrow down the races 
in Malaysia especially left and right thumb, right 
index as well as right middle finger. Siblings 
showed greater similarity of all fingerprint patterns 
than non-siblings except for the arch pattern.     
Fingerprint pattern could be inherited genetically 
but not linked to sex chromosome. 
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ABSTRACT 

Mercury and its compounds are well known to be very toxic to kidneys. Forty Sprague-Dawley rats 

treated with intravenous injection of 0.5 mg/kg of body weight mercuric chloride (HgCl2) in 1.0 mL 

0.85% NaCl through tail vein. Another group served as a control and received 1.0 mL 0.85% NaCl. The 

treatments were repeated every other day for ten days. Renal tissue Hg concentration of the treated 

group increased significantly on day 14 with a value of 2064.5 ppb/g compared to control value of 19.16 

ppb/g. The renal Hg content reached 2116.89 ppb/g on day 22 and kept decreasing to its lowest value 

on day 38 post-treatment; 310.47 ppb/g.  The necrotic cells increased significantly with time reaching 

peak on day 42; 6007.67 damaged cells, compared to the control count of 50.75 damaged cells. The 

necrosis process was accompanied by regeneration of young cells which appeared bluish in colour and 

could be seen as early as on day 14 with a cell count of 58 cells/10 fields. The number decreased   

significantly on day 22 and 26. By day 30, these young cells were no longer seen. No evidence of tissue 

regeneration was observed in all control samples. Repeated intravenous mercury chloride               

administration was observed to cause biphasic renal damage. The early damaging phase was        

accompanied by a high reparative epithelisation process and the severe tubular necrosis began on day 

18 as soon as the reparative phase has getting waned off. 

INTRODUCTION 
 
Mercury and its compounds have been used in      
human history for at least 3000 years. Mad hatter‘s 
and Minamata disease are the classical examples of 
mercurial poisoning. It‘s commonly found in various 
sources e.g. fish, poultry, insecticides, fungicides, 
pesticides, disinfectants, dental amalgam, thimerosal-
containing vaccines and petroleum and its derivatives 
[1,2]. Urban discharges, agricultural materials, mining, 
hydrocarbon combustion and industrial discharges are 
major anthropogenic sources of Hg emissions into the 
environment [1,3,4]. It was reported in 2007 that 
20,000 tons of mercury are annually released to the 
environment due to many human activities [5]. In 
many cases, the contamination chain of Hg follows 
closely the cyclic order: industry, atmosphere, soil, 
water, phytoplankton, zooplankton, fish and human 
[6]. 
 
Mercury and its compounds are highly toxic to kidneys 
causing necrosis [7,8]. It is suggested to bind to 

sulfhydryl group of enzymes inhibiting mitochondrial 
respiration [9]. Mercury intoxication has been       
observed to cause gross tubular lesion and        
thickening of glomerular basement membrane [10].  
This study was designed to determine the pattern 
damaging effect of renal tissue following repeated 
intravenous mercury administration on rats. 
 
 
MATERIALS AND METHOD 
 
Animals: A total of 80 Sprague-Dawley rats aged 
between eight and ten weeks were divided into two 
groups. Treated group was given intravenous      
injection of 0.5 mg/kg of body weight mercuric     
chloride (HgCl2) in 1.0 mL 0.85% NaCl through tail 
vein.  Control group received 1.0 mL 0.85% NaCl. 
The treatments were repeated every other day for 
ten days. All rats were housed in cages fitted with 
urine collection trays, fed and given water ad libitum. 
Five rats from each group were sacrificed every four 
days commencing from the last day of the treatment 
(Day 14). 
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Mercury Standard solutions: The content of 1.0 g 
Mercury titrisol ampoule (Merck, Germany) was  
transferred to chemically sterile Erlenmeyer           
containing 0.5 g potassium dichromate (K2Cr2O2) and 
50.0 mL concentrated HNO2. The solution was later 
on made up to 1.0 L with distilled water. This solution 
was used as a stock mercury solution (1.0 mg/mL). 
Standard solutions of 5.0, 10.0, 15.0, and 20.0 µg Hg/
mL were prepared from the stock solution. 
 
Trace Element Analysis: Kidneys and livers of     
sacrificed rats were removed and kept in chemically 
sterile sealed plastic bags at -20

o
C until used.        

Approximately 0.5 – 1.0 g (wet weight) of kidney    
tissue samples were placed in 50.0 mL borosilicate 
test tubes. 4.0 mL of concentrated H2SO4 and 1.0 mL 
HNO2 were added slowly to sample while in ice. The 
tubes containing sample were placed in a water bath 
and maintained at 50.0 – 60.0

o
C until all tissue     

samples were digested and solutions became clear. 
While in ice, 20.0 mL of 6.0% (w/v) potassium       
permanganate (KmnO4) were added slowly to the  
solution. The samples were then left overnight at 
room temperature for further digestion.  A blank     
solution was prepared in the same way except no 
sample was added to the preparation. After being left 
overnight, 5.0% (w/v) of hydroxylamine hydroxide was 
added slowly to all sample tubes to remove excess 
permanganate ions. All samples were then diluted to 
20 times and made up to a final volume of 100.0 mL. 
The mercury content of the solutions were analysed 
using a cold-vapour atomic absorption spectropho-
tometer (Perkin Elmer 3100).  

Histopathology: Kidney samples from both    
treated and control rats were fixed in 10.0%      
formalin, embedded in paraffin wax and sectioned 
at 5.0 µm thickness. The sections were then 
stained with haematoxylin and eosin (H&E) and 
observed under light microscope (200x) for       
abnormal cells in 10 randomly selected fields per 
slide. 
 
Statistical analysis: All the data collected were  
analysed using analysis of variance (ANOVA) and 
Duncan test.  Value of p ≤ 0.05 were considered to 
be statistically significant and all results were    
expressed as mean ± standard error. 
 
 
RESULTS 
 
Renal tissue mercury: The renal tissue Hg     
concentration of treated group increased          
significantly on day 14 with a value of 2064.5 ppb/
g compared to control value of 19.16 ppb/g (Figure 
1). The renal Hg content of treated group          
significantly decreased on day 18 to 1167.8 ppb/g. 
The Hg content remained high on day 22; 2116.89 
ppb/g, before kept decreasing to its lowest value 
on day 38 post-treatment; 310.47 ppb/g. 
 
Gross and histopathology: The kidney samples 
of treated group were grossly enlarged and pale in 
colour (Figure 2a). Gross observations noted     
pin-point lesions; resulted from necrosis and    
healing process, were noted on the surface of the 

Figure 1: Analysis of results showed a renal tissue mercury concentration in rats sacrificed every 4 days 
following repeated exposure to HgCl2. 

*Error bars represent standard error calculated from a triplicate samples 
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treated kidney samples from day 26 onward. The 
lesions were not clearly seen on day 14, 18, and 22 
on organ samples.  
 
Light microscopic observation revealed evidence of 
tubular epithelial cell damage (Figure 2b). For     
purpose of quantification, cells which were          
described as vacuolated cytoplasm (hydropic 
changes), pyknotic, karyorrhectic, kayolytic and  
necrotic sloughed cells in the lumen of tubules were 
considered as damaged cells. Renal tissue samples 
of the treated group showed a significant early  
damage evidence by increased number of damaged 
cells on day 14 post-treatment; 367.2 damaged cell 
count/10 fields, compared to samples of control 
group; 22.33 damaged cell count/10 fields. In fact, 
the number increased significantly with time (Figure 
3) reaching peak on day 42; 6007.67 damaged 
cells, compared to the control count of 50.75        

damaged cells. Tissue samples of treated group 
showed increase of karyolysis and vacuolation. Also 
by day 26 sloughed off cells began to appear in the 
lumen of the tubules and the number increased by 
day 38 post-treatment. 
 
 Light microscopic observations also revealed        
evidence of tubular tissue regeneration through      
epithelisation in samples of treated group (Figure 4). 
These regenerative cells appeared bluish in colour in 
H&E tissue sections. The cells could be seen as early 
as on day 14 with a cell count of 58 cells/10 fields and 
the number significantly decreased to 15.67 and 
20.67/ 10 fields on day 22 and 26 respectively.      
However, the cells were totally absent on day 18 in all 
tissue samples (Figure 5).  By day 30 they were no 
longer seen. No evidence of tissue regeneration    
was observed in all control samples. 
 

Figure 2: Kidney sample of treated group was enlarged (arrowhead; a) and photomicrograph showed an 
acute tubular necrosis (b); 200x magnification. 

Figure 3: Light microscopic observation revealed numbers of damaged renal tubular cells in rats 
sacrificed every 4 days following repeated exposure to HgCl2. 

*Error bars represent standard error calculated from a triplicate samples 
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Figure 4: Light microscopic observation revealed epithelisation of renal tubular cells in rats sacrificed every 
4 days following repeated exposure to HgCl2. The young cells were bluish in colour (Ep); 200x magnification 

Figure 5: Light microscopic observation revealed numbers of regenerative renal tubular cells in rats  
sacrificed every 4 days following repeated exposure to HgCl2. 

 

*Error bars represent standard error calculated from a triplicate samples 

DISCUSSIONS 
 
Mercury chloride has been recognised to be             
nephrotoxic reagent causing renal tubular vacuolation, 
interstitial inflammation and cell degeneration [11]. In 
this study, Sprague-Dawley rats were injected with 
HgCl2 to induce acute nephrotic syndrome. The data 
showed a significant steady increase in tubular         
epithelial cell damage beginning on day 14 till the end 
of study period. The damage seemed to be more     
severe in the outer cortex region. This phenomenon 
could be due to higher accumulation of Hg in the region 

as suggested by Clarkson, 1972. It is believed that 
tubular secretion is the main process of Hg       
elimination from the body [5,13] and lysosome was 
observed to be the major site of Hg deposition in 
the renal tubules [14,15]. This may well be true 
since the characteristics  associated with the   
damaged cells observed in this study; karyolysis, 
vacuolated cytoplasm, sloughing-off cells into the 
tubular lumen and swollen cells, are of the tubular 
cells.  
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Mercuric cations; Hg
+
 and Hg

2+
, have high electro-

negativity of 2.0 on the Pauling scale and large ionic 
radius of 0.111 - 0.116 nm. Owing to those         
characteristics, Hg-cations belong to ―soft‖ acids, and 
thus having a strong binding affinity to ―soft‖ bases 
like thiols and selenols.  
 
Many proteins; enzymes and hormones, and        
cofactors feature thiols or so called sulfhydryl groups,
-SH. Thiols appear to be not only of importance for 
oxidation-reduction mechanisms of mitochondrial 
respiration but also for the proper functioning of all 
thiol-featured proteins and cofactors [16]. Therefore, 
binding of Hg to thiol residues would result in        
activation of sulphur and functional attenuation or 
blockage of related enzymes, cofactors and          
hormones [2,17]. The injury of renal tubules in this 
study was suggested to be due to ischaemia and 
also  direct nephrotoxicity of Hg. Mercury, as in     
previous studies, was observed to inhibit the        
mitochondrial electron transport chain (ETC) leading 
to cell death [9,18]. Production of reactive oxygen 
species (ROS) was also reported to be increased 
[19,20] and activity level of endogenous antioxidants; 
GSH, SOD, GPx, GR, was decreased [21,22]       
following administration of organic Hg; thus, putting 
the cells in oxidative stress.  
 
In this study, there was a drastic regeneration of new 
cells observed following repeated exposure to HgCl2. 
Those newly formed cells of tubular epithelium     
observable as early as on day 14 post-treatment but 
disappeared completely by day 30 post-treatment. 
However, those cells were absent in all samples on 
day 18; giving rise to a biphasic pattern. A previous 
study showed that regenerative response to Hg-
induced injury was as early as 3 to 5 days following 
HgCl2 administration [23]. Chen et. al. (2016)       
suggested HgCl2 exposure stimulates the cell divi-
sion of stem cells. The dying cells sent signal to the 
surrounding stem cells to initiate tissue regeneration 
by accelerating the proliferation and differentiation of 
the stem cells, which led to the generation of new-
born cells.  
 
The second bout of cell regeneration on day 22 and 
26, even the number of newborn cells was            
significantly much lower, could be due to high     
compensatory effort of the kidney to go for repair 
against the injury. Mercury was observed to induce 
metallothionein and has a strong binding to it 
[12,25,26]. This ability contributed to longer retention 
of Hg in tissue and longer exposure of tissue to its 
toxicity.  The excess exposure was suggested giving 
rise to severe injuries that beyond the cure by tissue 
regeneration. 
 
 
CONCLUSION 
 
In conclusion, this study showed that repeated intra-
venous mercury chloride administration caused    

biphasic renal damage. The first phase of the     
damage was accompanied by a high reparative   
epithelisation phase. The second phase started as 
severe tubular necrosis began on day 18, which was 
as soon as the repair phase has getting waned off.  
This study suggested that it was possible for the  
kidney to repair the damage if the injury was well 
controlled and properly treated. 
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ABSTRACT 

Vernal keratoconjunctivitis (VKC) is a chronic persistent disease in our country with a     

tropical  climate. It mainly affects young school going children and if not treated in time may 

lead to irreversible blinding complications. A total of 41 patients under Selayang Hospital 

follow up were studied in a retrospective manner to provide epidemiological data,           

precipitating factors, common presenting symptoms, treatment options and outcomes. Our 

aim is to create awareness among all practitioners so that early Ophthalmology referral is 

commenced in aid to achieve clinical remission in the fastest time with the least              

complications.  

INTRODUCTION 
 
Vernal keratoconjunctivitis (VKC) is a severe        
component of the allergic conjunctivitis spectrum. It is 
a bilateral, inflammatory ocular surface disease which 
targets the paediatric age group. The most striking 
difference between the milder forms of allergic       
conjunctivitis and VKC is that, the later can           
compromise the cornea, leading to ulceration and  
later scarring. This disease is an important public 
health issue, as it is responsible for visual impairment 
in children, especially school going children, and have 
severe blinding complications if not treated             
appropriately and in time. Vernal keratoconjunctivitis 
has a variety of precipitating factors ranging from    
environmental causes, food elements and also familial 
preponderance. These patients‘ more often than not, 
present initially to general practitioners, paediatricians 
or allergists prior to being seen by an ophthalmologist. 
Hence, this study was done to evaluate the             
epidemiology, precipitating factors, clinical features 
and also treatment outcomes of VKC patient, in aim to 
increase awareness of this debilitating disease. 
 

MATERIALS AND METHODS 
 
A total of 41 patients diagnosed with Vernal Kerato-
conjunctivitis (VKC) under Hospital Selayang        

Ophthalmology clinic care between January to     
December 2016 were studied. This was done by a                
retrospective, noncomparative case series using our 
patient‘s clinical records. Patient‘s data were       
extracted from the computer database using key-
words such as vernal keratoconjunctivitis, VKC and 
shield ulcer. All epidemiological data, clinical    
symptoms and slit lamp examination findings during 
each appointment were obtained from the clinical 
records. These data were subsequently used to 
classify the severity of VKC. The types of drugs and 
other treatment modalities were obtained from the 
case sheets as well as pharmacy orders database 
for each patient. Precipitating factors were obtained 
based on history taking, skin prick test and allergy 
blood testing where available. 
 

RESULTS 
 
Out of the 41 patients, 87.5% (35 patients) were 
male and the remaining 12.5% (6 patients) were  
female. 78.0% (32 patients) were Malay, 14.6% (6 
patients) were Chinese and the least were among 
the Indians which amounted to 7.3% (3 patients). 
The age range of patients were from 6 to 24 years. 
The mean age of presentation to our clinic was 10.5 
years of age and the mean age of onset of       
symptoms was 8.3 years of age (Figure 1). 
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Most of our patients were referred to us by nearby 
general practitioners. A total of 24 patients (58.5%) 
were first seen at either government or private        
polyclinics before being referred to the Ophthalmology 
clinic. The remaining patients were referred to us by 
other specialist departments of the same hospital 
namely the Peadiatrics and Otorhinolaryngology     
department. This amounted to about 12 patients 
(29.2%). 2 patients (4.9%) were referred from private 
ophthalmologists for continuation of care due to      
financial constraints and 3 patients (7.3%) source of 
referrals were not documented. 
 
When reviewing patient‘s risk factors, we noticed 
51.2% (21 patients) had concurrent allergic rhinitis, 
41.5% (17 patients) had underlying Bronchial Asthma 
and 2.4% (1 patient) had eczema. 43.9% (18 patients) 
informed us regarding family history of atopy. Out of all 
of our patients, only 12 patients had either a skin prick 
test or a blood allergy test done to identify their       
precipitating factors. 41.6% (5 patients) had dust mite 
allergies, 33.3% (4 patients) were allergic to egg and 
seafood, 4.9% (2 patients) were allergic to milk, 2.4% 
(1 patient) had allergy to dog and cat dander and 2.4% 
(1 patient) was allergic to benzoyl peroxide. 
 
The common presenting symptoms were itchiness 
(70%), redness of eyes (51%) and tearing of eyes 
(29%). All 41 patients gave history of symptoms being 
persistent throughout the year. Objective examination 
showed all patients having tarsal component of VKC 
with 47% having cobblestone papillae, 29% having 
mild papillae and the remaining 24% having giant   
papillae. A total of 34% of our patients had a         
combination of limbal component. 29.2% (12 patients) 

had limbitis, 12.1% (5 patients) had tranta‘s dot 
sign and 4.9% (2 patients) had pseudogerontoxon. 
A total of 18 patients (44%) developed shield ulcer 
during the course of treatment. Out of these, eight 
of them had recurrent episodes of shield ulcer and 
14 patients developed ulcer during the first year of 
presentation. Based on our hospital records,      
patient's presenting with acute exacerbations did 
not show any seasonal pattern and were distributed 
through all 12 months. 
 
All patients were treated with mast cell stabilisers 
and lubricants. 34 patients received a short        
duration of topical steroids (dexamethasone 0.1% 
or fluoromethalone 0.1% ). Out of these 34         
patients, one patient developed steroid induced    
glaucoma with a highest documented intraocular 
pressure (IOP) of 28mmHg. It was well controlled 
with two topical antiglaucoma drops and IOP      
returned to a normal range after topical              
corticosteroids were removed. Twelve patients in 
this series required topical cyclosporine 0.5%     
during the course of treatment. Out of all the case 
series only five patients received supratarsal      
injection with triamcinolone and all of them had 
documented reduction in papillae post procedure 
(Figure 2). 
 
The visual acuity (VA) on presentation shows 36 
patients with visual acuity of 6/18 or better, one with 
visual acuity less than 6/18 to 6/60, three with     
visual acuity of less than 6/60 to 3/60 and one    
patient with a vision less than 3/60. The final visual 
outcome showed improvement with 39 of them  
having a visual acuity of 6/18 or better and two of 

Figure 1: Bar chart of demographic distribution of age and sex of patients with Vernal keratoconjunctivitis 
VKC under Hospital Selayang follow up for the year 2016. 
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them with visual acuity of worse than 6/18 to 6/60 
(Figure 3). 
 
 
DISCUSSION 
 
A greater part of the patients suffering from VKC in 
this study were young boys who have been under our 
sub-specialty follow up for at least 2 years. Although 
the mean age of presentation to our clinic was 10.5 
years, the age of onset of symptoms was 8.3 years. 
This correlates with epidemiological data from        
numerous studies stating the age of onset is before 
the age of 10 years and majority of them outgrow their 
VKC at puberty [1-3]. The distribution of cases based 
on ethnicity in our series, represented the local      
population around the hospital. 

All of our patients had a perennial pattern of   
symptoms. This is most likely due to the fact that 
Malaysia has an equatorial climate of being hot 
and humid, which leads to the persistent symptoms 
throughout the year. These constant symptoms are 
comparable to that documented by our neighbors 
with very similar weather [1,4]. More than half of 
the patients exhibit some atopy sensitization     
suggesting a similar pathological pathway in these 
clusters of diseases. Dust mites seem to be a  
common allergen, but it is not possible to draw 
conclusions as not many of our subjects were    
tested for it and among those who were, different 
tests were done. 
 
VKC can be classified into three forms and      
commonly, the limbal form and mixed form has 

Figure 2a shows the severity of a patient‘s papillae prior to commencement of supratarsal triamcinolone and 
Figure 2b shows the same patient showing improvement after treatment. 

a) b) 

*Patients were categorised based on the WHO classification of visual impairment 

Figure 3: The bar chart in Figure 3a shows the distribution of patients based on their presenting vision and 
Figure 3b shows their vision at the latest follow up.  
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been reported in Asia [4], while the tarsal form seems 
to be more prevalent in Europe [5]. However, studies 
from India [6] and Singapore [1] showed the tarsal 
form more predominant in certain areas. Most of our 
patients had predominantly tarsal form followed by a 
mixed form of VKC and none demonstrated the limbal 
form alone. Corneal involvement is something all 
Ophthalmologists are concerned about as it has a 
possibility to lead to severe vision- threatening       
sequela [7]. 18 (44%) of our patients developed shield 
ulcer which is much higher than the reported 3-11% 
[8]. This is because all of our patient had changes in 
the tarsal conjunctiva predisposing them to cornea 
compromise. 14 out of these 18 patients had corneal 
ulcers in the first year in our clinic suggesting, often 
they are referred for an eye assessment in severe 
ends of the disease spectrum. 
 
The treatment of VKC is mainly medical treatment 
and it depends on the stage of the disease. Milder 
cases can be treated with avoidance of triggering  
factor and use of antihistamic eyedrops and mast cell 
stabilisers. Severe varieties are treated with either 
topical corticosteroids to control the disease          
especially in exacerbations or topical                      
immunosuppressants to reduce cellular level          
inflammation which in turn shows symptomatic and 
structural improvements [9,10]. 83% of our patients 
used a course of topical corticosteroids during the 
course of treatment. This is similar to other studies in 
the east [1] and west [5] where topical corticosteroids 
were used 85% and 75% of patients respectively. 
Twelve of our patients were clinically stable while on 
topical cyclosporine as demonstrated in other studies 
[11,12]. In severe cases refractive to medical therapy, 
supratarsal corticosteroid injections has been shown 
to be successful [13]. Five of our patients had        
supratarsal triamcinolone injection and all showed a 
positive change following it. 
 
 
CONCLUSION 
 
Our series clearly demonstrates most of these       
patients do not present to Ophthalmologist firsts, but 
in fact are seen by general practitioners or other   
specialists before being referred for an eye            
assessment. The purpose of this article is to give an 
overview of VKC to all, so that practitioners are aware 
of the risk factors and presenting symptoms, thus  
referral to the Ophthalmologist will be early which is 
imperative for prompt treatment for these patients. 
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ABSTRACT 

Fixed empirical radioiodine therapy is one of the treatment options for hyperthyroidism.  
Although several methods to calculate administered radioiodine activity have been proposed 
previously, no clear advantages could be proven in using adjusted dosage over fixed      
dosage. Hence, our aim was to determine the outcome following fixed 15 millicurie (mCi) 
therapy among local hyperthyroidism patients and factors associated with euthyroid status 
post-treatment. Patients undergoing first-time radioiodine therapy and achieved                
pre-treatment urinary iodine level <50 μg/L following minimum of 1 week dietary restriction 
preparation were recruited (n=49). Majority were middle aged females with small to       
moderate goitre. Anti-thyroid drugs consumption was stopped for at least a week prior to 
empirical 15 mCi radioiodine therapy. Favourable treatment outcome includes euthyroid and 
hypothyroidism determined at 9

th
 month follow-up post-therapy. Collected clinical data were 

analysed. Majority (88%) achieved favourable thyroid status (euthyroid, n=26 and           
hypothyroidism, n=17). None developed any major therapy complication. No significant  
association between age, gender, goitre classification and duration of illness with euthyroid 
post-treatment status. However, patients with optimised baseline free thyroxine, fT4 values 
within normal range were associated with euthyroid status (p<0.05). Multiple logistic       
regression analysis revealed that optimised baseline fT4 was the only factor associated with 
developing euthyroid status (OR 19.48, 95% CI 1.253-302.692, p<0.05). Majority of our  
hyperthyroidism patients achieved favourable outcome following empirical fixed 15 mCi  
radioiodine therapy. Optimised baseline fT4 was significantly associated with euthyroid  
status post-treatment. 

INTRODUCTION  
 
Hyperthyroidism can be defined as a state of hyper-
functioning thyroid causing excessive circulating    
thyroid hormones. Various aetiologies such as 
Graves‘ disease, toxic thyroid adenoma and          
multinodular goitre lead to hyperthyroidism. Nuclear 
medicine therapy utilising radioactive Iodine-131 or 
radioiodine is an established treatment method for 
thyroid diseases. Oral administration of radioiodine 
and its role in the management of hyperthyroidism 
related benign disorders and thyroid malignancy have 
been well documented [1]. After being taken up by 
thyroid gland and processed similarly as dietary     
iodine, radioactive Iodine-131 will emit beta-radiation 
destroying thyroidal follicular cells and gradually   
leading to disease control [2].  
 
At present, outpatient radioiodine therapy for hyper-
thyroidism has become one of the feasible treatment 
options in Malaysia mainly available at several tertiary 
hospitals and referral institutions with nuclear       
medicine facilities [3]. Although majority of our hyper-

thyroidism patients are medically treated with       
thionamide anti-thyroid drugs, some of them might 
be referred for radioiodine therapy. Reason for    
Iodine-131 administration among this subset of    
patients is essentially due to failure of medical   
treatment [4]. The aim of radioiodine therapy in    
hyperthyroidism is to achieve euthyroid state or   
iatrogenic hypothyroidism which require thyroxine 
supplement [1].  
 
Most local nuclear medicine centres prescribe     
empirical fixed radioiodine dosage of generally <30 
millicurie (mCi) for hyperthyroidism with               
consideration given to thyroid size based on physical 
examination [5]. Although several methods in      
calculating appropriate and almost accurate Iodine-
131 dosage were previously proposed, no clear  
advantages could be proven in using adjusted over 
fixed dose regimen [6, 7]. Hence, our aim was to 
determine the outcome following common fixed 15 
millicurie (mCi) therapy among local hyperthyroidism 
patients particularly euthyroid state post-therapy and 
factors associated with it. 
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Table 1: Clinical characteristics and treatment outcomes of the patients (n=49)  

METHODOLOGY 
 
A prospective study was conducted, involving hyper-
thyroidism patients regardless of underlying of      
aetiologies referred for first-time radioiodine therapy 
between January and September 2014, at Nuclear 
Medicine Department, Hospital Pulau Pinang. The 
patients received briefing and written instruction on 
relevant preparation measures and pre-therapy    
dietary restriction. Anti-thyroid drugs consumption 
except for lithium was stopped for at least a week 
prior to and after radioiodine therapy. Subsequently, 
pre-treatment urinary iodine test was performed to 
ensure compliance towards the dietary preparation. 
Altogether, 49 patients who achieved urinary iodine 
level <50 μg/L following minimum of 1 week dieting 
were recruited.  
 
All patients received with empirical fixed 15 mCi    
radioiodine. They were then monitored and attended 
clinic sessions scheduled every 3 months.     Favour-
able treatment outcome includes euthyroid and hypo-
thyroidism determined at 9

th
 month follow-up post-

radioiodine therapy. Relevant clinical data including 
age, gender, duration of illness, pre-therapy free   
thyroxine (fT4) level, thyroid size based on the WHO/
UNICEF/ICCIDD goitre grading as well as treatment 
adverse effect and outcome were collected. Statisti-
cal analysis was performed using SPSS version 19.0 
for Windows. Written consents were obtained from all 
subjects prior to their enrolment in this study. This 
study has received ethical approvals from Medical 
Research Ethics Committee, Kementerian Kesihatan 
Malaysia and Human Research Ethics Committee, 
Universiti Sains Malaysia.   
 
 

RESULTS 
 
Out of 49 patients included in this study, 73% of 
them were females. Average age of patients was 
45.5 ± 12.5 years. Mean duration of hyperthyroid-
ism was 40.2 ± 29.8 months with 55% of patients 
having the illness for more than 24 months.   
Nearly 61% of patients presented with small to 
moderate sized goitre. Mean fT4 level pre-
radioiodine therapy was 21.0 ± 14.2 pmol/L.    
Approximately 71% of patients had optimised pre-
therapy fT4 values (within normal range of 12–22 
pmol/L). At 9

th
 month follow-up, majority of       

patients (88%) achieved favourable treatment  
outcome with overall no reported major adverse 
effects. Clinical characteristics and treatment out-
comes are summarised in Table 1. 
 
Among patients with favourable outcome, about 
60% attained euthyroid state without thyroxine 
supplement post-radioiodine therapy. Patients 
with optimised pre-therapy fT4 level showed    
significant correlation with euthyroid status 
(p=0.037). However, there was no significant   
association found between euthyroid status and 
gender (p=0.625), age (p=0.551), duration of   
illness (p=0.204) as well as goitre classification 
(p=0.299). Furthermore, multiple logistic          
regression analysis revealed that optimised fT4 
was the only significant factor associated with  
developing euthyroid (OR 19.478, 95%CI 1.253–
302.692, p<0.05) as shown in Table 2. 

 

Variables n (%) 

Gender Females 36 (73%) 

  Males 13 (27%) 

Mean Age 45.5 ± 12.5 years 

Mean Duration of Illness 40.2 ± 29.8 months 

Illness Duration ≤ 24 months 22 (45%) 

  > 24 months 27 (55%) 

Goitre Grading Small to Moderate 30 (61%) 

  Large 19 (39%) 

Mean Baseline fT4 21.0 ± 14.2 pmol/L 

Category of fT4 Deranged 14 (29%) 

  Optimised 35 (71%) 

Outcome Euthyroid 26 (53%) 

  Hypothyroidism 17 (35%) 

  Hyperthyroidism 6 (12%) 
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DISCUSSION 
 
Generally, radioiodine therapy for hyperthyroidism is 
relatively safe and has minimal adverse effects.    
However, the protocol for radioiodine therapy varied 
between centres and there were differences in the 
doses of Iodine-131 activity being used to cure hyper-
thyroidism [8]. Empirical fixed dose regimen for      
radioiodine therapy is being described as simple, 
more convenient to use and effective in achieving 
therapeutic goals compared to calculated dose    
method [2, 9]. Calculated dose regimen is associated 
with prolongation of treatment duration and has not 
been demonstrated to have significant benefits in 
terms of improving cure rates [10]. Fixed doses of  
radioiodine activity are generally in the range of 5–15 
mCi which enable further incremental dose of Iodine-
131 when the thyroid gland is large [11]. A Summary 
of Consensus for Management of Thyroid Disorders in 
Malaysia has highlighted the role of radioiodine     
therapy and fixed dose approach using 10–15 mCi 
Iodine-131 for hyperthyroidism [12].  
 
An empirical fixed dose regimen of 15 mCi was      
selected and administered for all patients in this     
current study. Overall success rate at 9

th
 month follow

-up following fixed empirical 15 mCi radioiodine    
therapy among our cohort of patients was 88% with 
26 patients achieving euthyroid status and 17 patients 
noted to be hypothyroid requiring thyroxine            
supplement. An early analysis of 478 hyperthyroidism 
patients showed 44% of them developed euthyroid 
and 35% became hypothyroid at four months after 15 
mCi of Iodine-131 therapy [10]. In another study,  
Lewis et al. (2013) reported favourable outcome with 
74% of subjects became hypothyroid and 19%       
developed euthyroid at one year follow-up post radio-
iodine therapy with approximately 15 mCi for 449   

hyperthyroidism patients with Graves‘ disease, tox-
ic MNG and indeterminate aetiology [8].  
 
Majority of patients in this study were middle aged 
females having hyperthyroidism with small to   
moderate sized goitre for more than 2 years prior to 
radioiodine therapy. Apart from radioiodine dosage, 
there are several other parameters such as age 
and gender of the patients, goitre size as well as 
disease severity that may influence Iodine-131 
treatment outcome in hyperthyroidism [13]. Lower 
cure rates were associated with males, young    
patients, large goitre and higher disease severity 
[14, 15]. The statistical analysis revealed that     
patients with optimised pre-therapy fT4 level were 
significantly associated with post-treatment        
euthyroid status while age, gender, duration of   
illness and goitre classification showed no          
significant correlation. Optimised pre-therapy fT4 
level was the only significant factor associated with 
developing euthyroid based on the multiple logistic 
regression analysis.  
 
A retrospective study by Khalid et al. (2011)
involving 584 hyperthyroidism patients receiving 
approximately 15 mCi radioiodine therapy revealed 
that 93% of subjects achieved favourable outcome 
and their pre-treatment fT4 level was the only factor 
which independently influenced therapy outcome. 
High fT4 level of >45 pmol/L predicted a lower cure 
rate [16]. Although Lewis et al. (2013) reported that 
patients with medium to large sized goitre were 
found to have persistent hyperthyroidism (14.7%, 
p=0.001) than those with small or no goitre, the 
influence of goitre size was not significant in the 
logistic regression model after inclusion of baseline 
fT4. Moreover, patients with markedly high baseline 
fT4 level (>80 pmol/L) in that study were       

Variables Regression 
coefficient (b) 

Adjusted Odd Ratio
 

(95% CI) 
Wald 

statistic 
Significance 

value 
Age (years) -0.019 0.98 (0.87, 1.10) 0.10 0.753 

Illness duration (months) 0.002 1.00 (0.96, 1.05) 0.01 0.920 

Gender         

Female 0 1     

Male 0.501 1.65 (0.25, 10.86) 0.27 0.602 

Goitre         

Small to medium 0 1     

Large 0.248 1.28 (0.19, 8.49) 0.07 0.797 

Baseline fT4 category         

Deranged 0 1     

Optimised 2.969 19.48 (1.25, 302.69) 4.50 0.034 

Table 2: Association between clinical parameters and euthyroid state post-radioiodine therapy by 
Multiple Logistic Regression model (n=43) 
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demonstrated to have increased failure rate (16.7%, 
p=0.003) compared to those with lower ranges of fT4 
[8].  
 
Limitations of this study included the small sample 
size and short duration of follow-up compared to other 
previous studies. Long term effect especially  hypo-
thyroidism might manifest later with permanent hypo-
thyroidism seemed to be unavoidable in Graves‘    
disease [13, 17]. Additionally, information on the exact 
aetiologies of hyperthyroidism was not evaluated due 
to limited data available, while test for thyroid         
autoantibodies, ultrasonography and radioiodine    
uptake study were not routinely done for all patients. 
Another study limitation was determinant of goitre 
grading done by physical evaluation which could be 
subjected to observer variation and less accurate 
compared to ultrasonography. However, estimation of 
goitre by similar clinical method and grading have 
been utilised in other previous studies [9, 10]. 
 
 
CONCLUSION  
 
Empirical fixed common dosage of 15 mCi radioiodine 
therapy could well be utilised for hyperthyroidism 
treatment. Majority of patients from our cohort of    
predominantly females with small to moderate goitre 
achieved favourable outcome at 9

th
 month follow-up. 

No major therapy complications observed. Optimised 
pre-therapy fT4 level was significantly associated with 
developing euthyroid status post Iodine-131         
treatment. Future study with larger cohort and longer 
monitoring period is recommended.   
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ABSTRACT 

Vitamin E (Vit E), an antioxidant, is a compound that has an important role in  maintaining 

health because it can capture free radical molecules that inhibit oxidative reactions in the 

body, is considered to prolong survival in patients and animals. Myocardial infarction (MI), 

known as a heart attack, is the formation of a necrosis in heart muscle cells following      

inadequate blood supply. This study tested the hypothesis that early treatment with Vit E 

reduces mortality because of its protective effects against myocardial infarction by arresting 

free radical molecules and reactive oxygen species that cause degenerative diseases.    

Miocardial Infarction is one of the clinical manifestations of coronary heart disease, which is 

a major cause of morbidity and mortality worldwide. Early mortality rate of 30 days in acute 

MI patients is 30% with more than half deaths before the patient reaches the hospital.  

INTRODUCTION 
 
Myocardial infarction is the damage or death of an 
area of the heart muscle (myocardium) resulting from 
a blocked blood supply to the area, causing the death 
of heart tissue [1]. Myocardial infarction (MI)          
usually results from an imbalance in oxygen supply 
and demand, which is most often caused by plaque 
rupture with thrombus formation in a coronary artery 
[2]. This is a complicated event which not only affects 
mechanical and electrical properties of myocardium 
but also its structural and biochemical properties [3]. 
 
The rates of death from MI have diminished in most 
high income countries, despite 1 in 3 of all deaths in 
the USA in 2008 was due to cardiovascular disease 
[4].  
 
Inspite it is accepted that cardiovascular disease is a 
common cause of death in the developing world. For 
example, ischemic heart disease had become the 
leading cause of death by 2004 accounting for 1.46 
million deaths in India (14% of total deaths) and the 
same were expected to double during next decade 
[5]. 

The general assumption is that adequate intake of 
nutrients like fruits, grains and vegetables and 
moderate degree of exercise can help prevent      
coronary heart disease of the populations in          
advanced and ‗near – advanced‘ countries [6]. 
 
Some antioxidants like ascorbate, tocopherols,     
tocotrienols, flavonoids, other phenols and            
carotenoids (found in plants) are taken up by        
humans. The important food antioxidant can         
significantly reduces the side effects of reactive    
species, which are involved in chronic diseases and 
can protect myocardium [7 & 8]. There are            
documentation about the oxidative damage           
contributes to the pathology of atherosclerosis and 
Reactive oxygen or nitrogen species play an integral 
role in myocardial injury [9]. 
 
 
MYOCARDIAL INFARCTION 
  
Myocardial infarction, known as a heart attack, is the 
formation of a necrosis in myocardial muscle cells 
due to inadequate blood supply to an area initiated 
with ischemic [2]. Transmural and Subendocardial 
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are the two basic types of acute myocardial infarction 
[10]. 
 
Clinically, myocardial infarction can be subclassified 
into a ST elevation MI (STEMI) versus a non-ST     
elevation MI (non-STEMI) based on ECG changes 
[11]. A coronary occlusion occurs when there a   
thrombus covers on a uncerated or unstable plaque, 
which results in break down in the supply of            
myocardial oxygen and nutrients [12]. Job stress show 
a minor role computing for only about 3% of  cases of 
myocardial disease, while Smoking appears to be 36% 
of cardivascular disease, obesity 20% and  lack of ex-
ercise 7-12% [13].  
 
Myocardial ischemia is a consequence of reduced 
blood flow in coronary arteries, due to a combination 
of fixed vessel narrowing following gradual buildup of 
cholesterol and fibrous tissue in plaques in the wall of 
arteries and abnormal vascular tone as a result 
of atherosclerosis and endothelial dysfunction. This 
blood column irregularities can be visible on angi-
ography for long period of time [14, 15]. 
        
Several factors affect the hemodynamic significance of 
a stenotic myocardial lesion such as length of the   
lesion and more importantly the degree of vessel    
narrowing, amount of compensatory vasodilatation that 
smaller, distal resistance vessels are able to achieve 
and Myocardial oxygen demand. Distal vessels are 
affected more when there is long term occlusion of 
vessels [16]. The report from different studies say that 
tissue damage in myocardial infarction is due to   
apoptosis which is also called cell death [17]. 
 
Oxidative stress in cardiovascular diseases 
Normal mediators in cell signaling are very important 
for regulating the functions of vessels, which is done 
by Reactive oxygen species (ROS) [18]. ROS are   
produced in endothelium, smooth muscle and         
adventitia of the vessel wall [19]. Under                  
pathophysiological conditions, these free radicals play 
important role in various conditions, including          
atherosclerosis, ischemic heart diseases, arrhythmias, 
cardiomyopathy and congestive heart failure [20]. 
     
 
Oxidative stress and atherosclerosis 
Free radical induced oxidative stress that influences 
the occurrence of degenerative diseases such as heart 
disease causes atherogenic process and its steps of 
pathogenic consequences [21]. The collective        
confirmation that oxidative modification of low density 
lipoprotein (LDL) plays an important role in the       
pathogenesis of atherosclerosis [22]. 
 
 
Management of myocardial infarction 
Myocardial infarction can be diagnosed by assessing 
the chief complaints of the patients and physical exam-
ination. Some investigations like canhges in ECG and 
coronary angiogram and increase in levels of the car-
dio-markers guide us to establish the diagnosis. The 
main aspect of ECG is to let us know the site of   in-

farction (heart muscle damage), while coronary 
angiogram locates the exact site of narrowing or 
obstructions in coronary vessels [23]. 
 
In myocardial infarction, the cardiac enzymes those 
raised are aspartate transaminase (AST), alanine 
transaminase (ALT) and lactate dehydrogenase 
(LDH) and one cardiac marker is very important is 
Troponin T [24]. Creatine kinase (CK) is an enzyme 
that has been measured for the detection of MI, is 
used confidently since old age. CK is    increased 
not only in myocardial injury and but also in other 
tissues like muscle injury. After a heart  attack, rise 
in CK occurs 4 to 9 hours after the   onset of chest 
pain, peaks at 24 hours, and returns to baseline at 
48 to 72 hours [25]. 
 
Cardiac troponins I and troponin T is now been 
popular for their speficity and accuracy for         
myocardial damage and has beed used for the  
diagnosis. These parameters are routinely used in 
hospitals for diagnostic purposes. [26]. After a   
myocardial infarction, both troponins starts        
increasing in serum within 4 to 9 hours, goes to 
peak at 12 to 24 hours, and remain elevated for up 
to 14 days [27]. 
 
Nowadays the occurance of myocardial infarction 
can decreased by restricting and managing some 
of the risk factors like control of blood pressure, 
lifestyle modificaton, cessation of smoking, regular 
exercise, a balanced healthy diet for cardiact   
problems, and limitation of alcohol intake [28]. 
Among the drug therapy Beta blocker such as 
metoprolol or carvedilol is used to reduce the risk 
of MI [29]. Some high-risk patients particularly MI 
with left ventricular dysfunction or continuing     
cardiac ischaemia shows great benefit from risk 
factors modification [30]. 
 
 
ANTIOXIDANTS                                                                          
   
Free radical is an atom or molecule having an   
unpaired electron. Free radicals are considered to 
be harmful because they become highly reactive in 
the effort to get their electron pairs, as well as new 
free radicals from the atoms or molecules whose 
electrons are donated to pair with previous free 
radicals. The free radicals usually come from     
oxygen, nitrogen and sulfur molecules [31].       
Reactive oxygen species (ROS) and reactive    
nitrogen species (RNS) are described free radicals 
and other non-radical reactive derivatives. For   
example, ROS includes free radicals such as    
superoxide anion (O2−•), perhydroxyl radical 
(HO2•), hydroxyl radical (·OH), nitric oxide (NO), 
and other species such as hydrogen peroxide 
(H2O2), singlet oxygen (1O2), hypochlorous acid 
(HOCl) and peroxynitrite (ONOO−) [31]. 
 
The development of natural antioxidants has     
received great attention over the last few years. 
Natural antioxidants in addition to protecting the 
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body from free radicals can also slow the occurrence 
of chronic diseases caused by reduced reactive    
oxygen species (ROS), especially hydroxyl radicals 
and radical superoxide. [32]. 
 
Antioxidant is a compound inhibit that have an      
important role in protecting health due to it can      
absorb free radical molecules and inhibit oxidative 
reaction which cause any kinds of diseases [33]. Anti-
oxidants delay or inhibit oxidative damage to a target 
molecule. At a time one antioxidant molecule can  
react with single free radicals and are capable to  
neutralize free radicals by donating one of their own 
electrons, ending the carbon-stealing reaction [34]. 
 
Fruits and vegetables are loaded with key             
antioxidants such as vitamin A, C, E, betacarotene 
that can play important roles as cellular antioxidants 
[35]. The sources of the natural antioxidants are also 
spices, grains, and herbs such as ginseng, curcuma, 
ginkgo, rosemary, green tea, grape, ginger and garlic. 
The main antioxidant compounds that these foods 
contain are phenol, polyphenols, flavonoids,          
carotenoids, steroids and thiols [36]. 
 
Overproduction of the free radicals can responsible 
for tissue injury. Cell membranes are made of       
unsaturated lipids and these unsaturated lipid       
molecules of cell membranes are particularly        
susceptible to free radicals. Oxidative damage can 
direct to a breakdown or even hardening of lipids, the 
main component of all cell walls. Breakdown or    
hardening is due to lipid peroxidation leads to death 
of cell or it becomes unfeasible for the cell to properly 
get its nutrients or get signals to achieve another. 
[37]. These antioxidant enzymes such as xanthine 
oxidase (XO), superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPX) provide a 
crucial fence against free radicals [38]. 
 
 
VITAMIN E 
 
The natural forms of vitamin E include α-tocopherol, β
-tocopherol, γ-tocopherol, and δ-tocopherol as well as 
the tocotrienol forms of each of these. The α-
tocopherol and γ-tocopherol isoforms. The            
tocotrienols from vitamin are alpha-, beta-, gamma-, 
and delta-tocotrienols. The human body maintains 
effectively alpha-tocopherol, the only form of vitamin 
E; therefore, this form of vitamin E found in the     
largest quantities in blood and tissues [39]. 
 
Vitamin E may exert their activity by several      
mechanisms, like by suppressing the production of 
active species by reducing hydroperoxides and 
H2O2, by sequestering metal ions, termination of 
chain reaction by scavenging active free radicals and 
also caused repairing and/or clearing damage of cell, 
thus stop cancer and cardiovascular disease.  The 
effect of protection of vitamin E supplements against 
oxidative stress in humans protects other fat-soluble 
vitamins from destruction[40]. 

Human body enriched with vitamin E as antioxidants 
can prevent the onset as well as treat diseases 
caused and/or fostered due to free-radical mediated 
oxidative stress and anti-inflammatory processes. 
This can also inhibit platelet aggregation and can 
cause immune enhancement [41]. 
  
Atherosclerosis  and Vitamin E 
Of all the antioxidants, vitamin E can easily be    
assimilate into low density lipoprotein (LDL)       
molecule and ultimately can protect against LDL 
oxidation which is the initial stage of atherosclerosis 
[42]. There is an evident relationship between    
dosage and effectiveness of vitamin E. The higher 
the dose taken for vitamin E the higher is the 
chance of safeguard against oxidative damage to 
LDL cholesterol.  From the previous explanation we 
can see Vitamin E can reduce may LDL cholesterol 
peroxidation and increase plasma LDL breakdown. 
This signifies the prevention activity of                
cardiovascular disease by inhibiting excessive 
platelet aggregation and increase in fibrinolytic   
process [42]. 
  
 
FREE RADICALS AND CARDIOVASCULAR   
DISEASES 
 
A free radical may be defined as a molecule or    
molecular fragments containing one or more        
unpaired electrons in its outermost atomic or       
molecular orbital [43]. This radical is likely to have a 
chain reaction which occurs in the body can cause 
continuous damage. The number of free radicals 
can increase due to stress, radiation, cigarette 
smoke and environmental pollution causing an     
inadequate body defense system thus result in    
several chronic disease such as cardiovascular   
diseases, neurological diseases, cancer [44]. 
 
Recent researches have shown that the antioxidants 
of plant origin with free-radical scavenging         
properties could have great importance as          
therapeutic agents in several diseases caused due 
to oxidative stress which is a common mechanism of 
molecular and cellular damage. Plant extracts and 
phytoconstituents found effective as radical       
scavengers and inhibitors of lipid peroxidation [45]. 
 
Free radicals are always produced in our body   
system by various mechanisms and physiological 
processes. These include mitochondrial respiration, 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidases, xanthine oxidoreductase and 
uncoupled nitric oxide (NO) synthases [46]. 
 
There are several theories about the mitochondrial 
production of ROS. One of popular theory says 
about the electron transport where about five       
percent electron is escaped and reacts with oxygen, 
which results in formation of ROS. Another theory 
about the generation of ROS is Mitochondrial      
superoxide production, which occurs during normal 
cellular activity [47]. 
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Redox potential maintains the electron balance    
between oxidants and antioxidants which ultimately 
guard the mitochondrial permeability to electrons 
which is also described in chemiosmotic theory.   
Diseases occur due to any imbalance between    
coupling and coupling of electrons and generation of 
ROS [48]. The vascular process of atherosclerosis 
and LDL cholesterol disease is closely related to 
ROS/NO abnormal production [49]. 

 
ROS and cardiovascular diseases 
Among the long list of heart disease risk factors   
endothelial dysfunction is important, as it is the 
source of atherosclerosis. The theory around how 
the cardiovascular disease starts is mainly through 
the endothelial dysfunction where coronary walls 
become more vulnerable to atherosclerosis and   
coronary heart disease [50]. 
 
Early atherosclerosis is due mainly to mitochondrial 
overproduction of ROS and uneven distribution of 
antioxidants and oxidants. When there is endothelial 
damage of the coronary vascular wall, there is     
multiple cell populations resulted from abnormal 
ROS signaling [51]. A number of process that occurs 
during over production of free radical that leads to 
bizarre oxidation of LDL which ultimately causes  
vascular endothelial damage. Then the pathogenesis 
of atherosclerosis starts and myocardial infarction 
occurs [52]. 
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ABSTRACT 

Forensic analysis of writing ink ageing on document is one of the most challenging parts in forensic 

investigation. It can significantly prove to be useful in forensic document examination as it helps to build 

a timeline of an event or provide link to investigation. The objective of this study was to study the effect 

of ageing to gel pen ink on different papers i.e. A4, envelop, newspaper and manila card using        

Attenuated Reflectant Mode Fourier Transform Infrared (ATR-FTIR) spectroscopy. Inks were deposited 

on four different types of papers and subsequently subjected to ageing at different interval (7, 14, 30, 60 

and 90 days). The aged and fresh inks were compared through visual examination and statistical     

evaluation using paired t-test was then carried out based on their mean absorbance. The results 

showed that the gel pen ink deposited on different types of papers subjected to ageing could not be 

differentiated from their fresh counterpart using ATR-FTIR and statistical analysis. As a conclusion, 

under the experimental parameters used in this study, the writing inks deposited on different types of 

papers subjected to ageing could not be differentiated from their fresh counterpart using ATR-FTIR and 

statistical analysis. 

INTRODUCTION 
  
In forensic science, document associated with    
criminal cases in which its authenticity and author-
ship are questionable or dubious are termed as 
questioned documents (QD). They can be prepared 
either manually using writing instruments such as 
ballpoint pen, gel pen, marker pen, fountain pen and 
pencil or automatically using computer, commonly 
on paper although other materials are also possible. 
In forensic science, careful analysis of QD could  
reveal useful information regarding the authorship, 
authenticity and type of writing instruments being 
used to prepare the documents. Writing ink on paper 
is particularly important because of the significance 
of signatures and handwritten records. The paper 
document is the most popular writing medium in  
daily life until today.  
 
In 2007, a study [1] had shown that Solid Phase  
Micro-extraction (SPME) technique can be employed 
to determine the volatile components of ball point 
inks quantitatively by direct analysis on paper prior 
to Gas Chromatography-Mass Spectrometry (GC–
MS) [1]. The aim of SPME technique used was to 
monitor the evaporation of ink‘s volatile components 
as the ink ages on document [1]. A previous study 
[2] also reported that SPME extraction was capable 
to monitor the ink ageing analysis. SPME have high 

sensitivity and limit of detection. However, this   
technique requires sample preparation and time 
consuming. 
 
Gel pen inks  
Gel ink pen is a popular writing material due to its 
smooth and interesting writing appearances [3]. 
They are used in daily activities to sign contracts, 
checks, loans and other documents. Gel pen inks 
are water-based inks which contain dyes or         
pigments as colorants, water as vehicles, resins, 
nonionic surfactants and other additives [4]. Acid 
dyes and related organic compounds containing 
several sulphonic groups generally used as the   
colouring agents in gel pen inks [4][5]. Nowadays, 
the growths of modern techniques allow easy and 
efficient way to analyse and identify gel pen inks. 
 
Previous study [6] showed that Ion Pairing High  
Performance Liquid Chromatography (IP-HPLC) 
was capable to detect the composition changes in 
blue gel pen ink deposited on paper stored at      
different lighting conditions and also in natural     
environment. Chromatograms were developed to 
interprete the ageing mechanism of ink to establish 
the differences between natural and artificial ink  
aging [6]. Besides, it also provided an explanation 
on the changes the relative component of the dyes 
in the blue gel pen ink [6]. 
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The aim of this study were to analyse fresh and 
aged writing inks on the different papers using ATR-
FTIR, to manually evaluate the spectra of fresh and 
aged gel pen ink on the different papers and to de-
termine the most optimum IR spectra region for sta-
tistical comparison of aged inks with their fresh 
counterparts.  

 
 

MATERIALS & METHODS 
 
Sample collection 
Gel pen, fountain pen, marker pen, white A4 paper 
(70 gsm), envelope, newspaper and manila paper 
where purchased from a book store located in     
Kubang Kerian area. Table 1 shows the list of    
samples used in this study and their respective   
reference code. 
 
Sample preparations  
Each of the paper was cut into small rectangular 
square with dimension of 1 cm x 1 cm using a pair of 
scissors. The inks from the ballpoint pen and gel pen 
were transferred onto the paper  by scribbling      
ensuring that the whole area of the papers were  
covered with inks. The paper cuts were secured  
onto a board using hair pins and then left to age at 
room condition for 90 days. For the purpose of   
sampling identification of the paper cuts, they were 
given reference codes according to the list in Table 
2.     

 

Sample Reference code 

Gel pen B 

A4 paper a 

Envelope b 

Manila paper c 

Newspaper d 

Table 1: List of samples used in this study and its respective code 

  
Sample description 

  
Reference code 

Gel pen on white A4 Ba 

Gel pen on white envelope Bb 

Gel pen on white manila paper Bc 

Gel pen on newspaper Bd 

Table 2: List of sample cuts with their respective reference code 

FTIR Spectral acquisitions 
The spectra of the inks were acquired using a Bruker 
Tensor 27 (Bruker Optics, UK) FTIR spectrometer 
equipped with a diamond ATR sampling attachment. 
Prior to acquiring the spectra of the inks, a standard 
polystyrene film was scanned to ensure that the ATR-
FTIR was working correctly. Spectral measurements 
were taken over the entire spectral range of 4000   
cm

-1
 to 600 cm

-1
 with resolution of 4 cm

-1
. Within this 

ageing period, spectra of the inks were acquired at 0 
day (i.e. immediately after preparation), 7 days, 14 
days, 30 days, 60 days and 90 days interval. 
 
Spectral evaluations by direct visual comparisons  
The effect of ageing to gel pen ink on the different 
papers was evaluated by directly comparing the  
spectra of aged inks to the spectra of their fresh 
counterparts which were acquired immediately after 
preparation (i.e. 0 day). This method was necessary 
in order to narrow down the selection of infrared    
region to perform statistical analysis.  
 
Statistical analyses 
Paired t-test was performed to statistically evaluate 
the effect of ageing using IBM SPSS statistical     
software (SPSS 2.0, IBM, USA). Data pre-processing 
(i.e. standardisation) was performed prior to statistical 
test in order to overcome ‗one-to-one‘ variation within 
a large data set. To assess the effect of selection of 
spectral region to ageing evaluation, the paired t-test 
was first performed to the frequency region and then 
to the fingerprint region (1500 cm

−1
 – 600 cm

−1
). The 
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parameters set-up for the paired t-test is shown in 
Table 3. Null hypothesis will be accepted when the 
computed p-value exceeded the α value, and vice 
versa. 
 
 
RESULTS 
  
Repeatability and reproducibility studies 
Repeatability and reproducibility studies were     
performed prior to performing the ageing study of 
the writing inks on the different papers to evaluate 
the intra and inter precision or robustness of the 
techniques employed. The repeatability and       
reproducibility were measured by calculating the 
percentage (%) Relative Standard Deviation (RSD) 

Figure 1: The infrared spectra of gel pen ink on A4 paper. The arrows show the six prominent 
bands used to calculate the %RSD for repeatability and reproducibility studies. 

of the absorbancies of six prominent bands or 
peaks was selected from the resultant spectra of 
the writing inks on the papers. The selected bands 
are as shown in Figure 1.The %RSD calculated for 
both repeatability and reproducibility studies were 
less than 5% and less than 20% respectively which 
indicating good intra and inter precision of the   
techniques. 
 
Visual examinations of the infrared spectra 
Figure 2 to 5 displays the spectra of the gel pen ink 
on the different papers after being aged in the    
environment for 7, 14, 30, 60 and 90 days. The 0 
day spectrum was obtained from the writing ink  
immediately after its deposition on the paper. It  
acted as reference spectrum where the spectra of 
aged inks were compared.  
 

Figure 2: Infrared spectrum of gel pen ink on white A4 paper  
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Figure 3: Infrared spectrum of gel pen ink on white envelope  

Figure 4: Infrared spectra of gel pen ink on manila paper  

Figure 5: Infrared spectra of gel pen ink on newspaper  
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Statistical analyses  
Paired t-test was used to evaluate the effect of ageing 
of writing inks on different papers to the environment. 
This particular statistical test was chosen to assess 
pre and post treatment effect, in this case, before and 
after ageing in the environment. The frequency and 
fingerprint regions were tested separately. The main 
reason was to see which regions can successfully 
capture the ageing effect. The frequency region at 
3700 cm

−1 
– 3000 cm

−1 
was selected as this            

corresponds to the O-H group region that had shown 
remarkable changes over 90 days of exposure from 
visual examinations. Table 4 shows the outcomes of 
paired t-test for gel pen inks on white A4 paper. 
 
 
DISCUSSION 
 
Repeatability and reproducibility studies 
The %RSD calculated for both repeatability and     
reproducibility studies were less than 5% and less 
than 20% respectively which indicating good intra and 
inter precision of the techniques. 
 
Visual examinations of the infrared spectra 
In general, the spectra of the gel pen inks on the    
different papers did not show any remarkable changes 
especially at the fingerprint region, in other words were 
quite consistent except for O-H group within the group 
frequency region which showed marked decrement 
particularly after 90 days of ageing. This is because 
ink components could oxidise, cross-link, polymerise, 
and evaporate when exposed to the environment [7]. 
 
Based on visual examinations alone, it was extremely 
difficult to conclusively judge or said that the writing 
inks had experienced significant changes after 90 
days of ageing. These situations hence justify the use 
statistical technique to evaluate the effect of ageing. In 
this study, paired t-test was used and its outcomes are 
further discussed in the following section. 

  
Sample 

IR region 

3700 cm
−1 

– 3000 cm
−1 1500 cm

−1
 – 600  cm

−1 
t-stats (df) p value* t-stats (df) p value* 

Ba0-Ba7 -35.575 (364) 
0.000 

0.000 (467) 
1.000 

Ba0-Ba14 -50.750 (364) 
0.000 

0.000 (467) 
1.000 

Ba0-Ba30 45.961 (364) 
0.000 

0.000  (467) 
1.000 

Ba0-Ba60 -49.240 (364) 
0.000 

0.000 (467) 
1.000 

Ba0-Ba90 45.983 (364) 
0.000 

0.000 (467) 
1.000 

Table 4: Results of paired t-test of gel pen on A4 paper. 

Statistical analyses  
Table 4 showed that the p values of the paired     
t-test for all conditions at fingerprint region were 
greater than 0.05. This means that there was no 
significant difference before and after ageing. In 
other words, no changes in terms of organic  
components of ballpoint pen inks. Samples     
deposited on the different papers after 7, 14, 30, 
60 and 90 days of exposure p value was equal to 
1.000 (p = 1.000).  
 
However, it showed different outcomes of p value 
of the paired t-test for all conditions at frequency 
region (3700 cm

−1 
– 3000 cm

−1
) where p <0.05 for 

all conditions. This means that there was no   
significant difference before and after ageing. 
Similar results can be observed for gel pen ink 
deposited on envelope, manila and newspaper.  
 
The significant difference occurred at O-H       
absorption band was due to moisture of          
environment and from the solvent within the ink 
component. Besides that, it was also influenced 
by behaviour of solvent that contain O-H group 
was easily evaporated when the ink affixed on 
paper. This change was not necessary that the 
ink component changed over 90 days because at 
fingerprint region, it composed of other ink     
components. Thus, it was conclusively judge the 
profile of ink does not change over 90 days. 
 
 
CONCLUSION 
 
From the result obtained, visual examinations 
could not objectively evaluate the effect of ageing 
to gel pen inks. On the other hand, statistical 
analysis i.e. using paired t-test can objectively 
evaluate the effect of ageing to writing inks as 
demonstrated in the present study. The statistical 
results suggested that there were no significance 
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difference between aged inks with their fresh   
counterparts on after 90 days of exposure to the 
environment. Meanwhile, the paired t test          
calculated using the frequency region (3700 cm

−1 
–

3000 cm
−1

) showed that there were significant 
changes between aged inks with their fresh     
counterparts. However this could not conclusively 
reflect on the overall change to inks compositions 
since this region corresponds to O-H which might 
due to solvent used in the manufacturing of the 
inks for example phenoxyethanol or perhaps  
moisture absorbed from the environment.  
 
Needless to say, evaporation of these substances 
is inevitable process as such could not be used to 
judge changes experienced by the inks.  Finger-
print region is suggested to be the region to study 
the effect of ageing because it composes of more 
complex ink‘s components. These findings also 
infer that organic components in writing ink might 
be stable and did not change significantly up to 
three month of exposure to the environment.  
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ABSTRACT 

Brain tumor account for a quarter of all childhood cancers, affecting about 1 in 2400 United Kingdom 

(UK) children under the age of 16 annually,  while brain and other nervous system cancer incidence per 

100,000 population in Peninsular Malaysia for age 0-19 years was 84/100000. Death occurs either as a 

result of catastrophic presentations with raised intracranial pressure or as a result of tumor recurrence 

and resistance to further treatment. Five-year survival rates became over 70%, and the majority of  

these patients go on to be long-term survivors. Despite this, 60% of long-term survivors of childhood 

brain tumors are moderately or severely neurologically disabled. Delayed diagnosis of brain tumor 

among children is a concern around the globe and has been reported by parents, in the media, and in 

the courts. These reports can disturb public confidence in healthcare systems. This literature searches 

studied diagnostic delay and reducing the diagnostic interval in children with brain tumor, using online 

databases and a manual search. Main keywords used were diagnostic delay, brain tumor in children 

and post symptomatic diagnostic interval. In some studies post symptomatic diagnostic interval (PDI) 

was 28 weeks with a parental delay of 11.1 weeks and a doctor's delay of 16.9 weeks. We concluded 

many recommendations as programmes to raise public and professional awareness of the             

symptomatology of brain tumor, early referral, CT scan fast track. Along with many other                  

recommendations were discussed in this article.      

INTRODUCTION 
 
Mortality and morbidity from cancer is worse in many 
countries, the reasons for this are multi-factorial, but 
diagnostic delays and consequent later stage        
diagnoses are likely to be major contributory factors 
[1]. Brain tumor account for a quarter of all childhood 
cancers, affecting about 1 in 2400 UK children under 
the age of 16 annually [2]. The incidence of brain and 
other nervous system cancer in Malaysia per 100,000 
population in Peninsular Malaysia for age 0-19 years 
was 84/100000 in 2006 [3]. Primary malignant central 
nervous system tumors (CNS) are the second most 
common childhood malignancies, after leukaemia [4]. 
They are the most common paediatric solid organ 
tumor [5].  It is the leading cause of death from child-
hood cancer, surpassing the mortality rate of acute 
lymphoblastic leukaemia [6]. CT is used for initial 
workup, but MRI is superior and essential if CT finds 
abnormalities or inconclusive, MRI spectroscopy can 
be useful as elevated choline [7]. Although advances 
in surgical intervention, radiation therapy, and    
chemotherapy have improved the survival rates in 
children with central nervous system tumors, mortality 

and morbidity associated with these disorders      
persists [8]. 
 
Survival 
Five- and 10-year survival rates for children with  
central nervous system tumors are 73% and 70%, 
respectively .The likelihood of survival depends upon 
the type of tumor. Survival has improved, in part due 
to advances in diagnostic techniques and histological 
classification of tumours, improvement in             
neurosurgical and radiation oncology techniques, 
and the utilization of new single and combination 
chemotherapeutic agents. Despite advances in the 
care of children with CNS tumors, improvement in 
survival and durable remissions has been slower in 
patients with CNS tumors compared with other    
cancers, particularly leukemias and lymphomas [9].

  

 
Long term morbidity 
Paediatric survivors with CNS tumors often have 
neurologic, cognitive, psychological, and endocrine 
complications that are due to damage from the     
tumor itself, its treatment (surgery, radiation, and/or 
chemotherapy), or subsequent secondary             
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malignancy. In the Childhood Cancer Survivor 
Study, 82 present of the 2821 five-year survivors 
reported having at least one chronic medical       
condition. Compared with their siblings, survivors 
had an increased risk of developing a new endocrine 
condition, sensory deficit as hearing loss, and     
neurologic problem. Cranial radiation therapy was 
associated with an increased risk of subsequent  
malignancy and neurocognitive impairment [10]. 
 
Diagnostic delay and, diagnostic interval 
Diagnosis of brain tumors in children is often        
delayed in relation to the presenting symptoms. In 

some studies, Post symptomatic diagnostic interval 
was 28 weeks with a parental delay of 11.1 weeks 
and a doctor's delay of 16.9 weeks. Main clinical 
symptoms were headache (66.7%), vomiting 
(57.7%), vision (46.2%) and gait (41.6) disorders and 
fatigue (41.0%) followed by other neurological signs 
[11] (Figure 1).  Another cohort study and meta-
analysis of symptomatology and referral practice for 
childhood brain tumors, total diagnostic interval (TDI, 
time between first symptom onset and diagnosis)  
ranged widely from a day to 6.9 years, with a median 
of 3.3 months (14 wk) [12] (Figure 2). 
 

Figure 1: Key milestones and time intervals in the pathways from first symptom until start of treatment.  

Figure 2: Relationship in median days between symptoms and pre-diagnostic symptomatic interval  
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Recommendations [7, 11-15] 

 Community education (without making them  
panic). 

 Identify that the red flag symptoms have been 
explored. However, they do not yield significant 
positive predictive values for individual symptoms 
that can be used for stratifying childhood patients 
in primary care.  

 Be Cancer Alert Campaign. One of the example 
is a collaborative project between the University 
of Malaya, Queen‘s University Belfast and the 
National Cancer Society Malaysia. 

 Using an awareness intervention (Designed 
awareness age-stratified symptom) as this      
offered the opportunity to change practice. The 
symptoms of brain tumor include persistent or 
recurrent headache, persistent or recurrent    
vomiting, balance or coordination problem,     
abnormal  eye movement, or blurred or double 
vision, behavioural problems, fits or seizures, 
abnormal head position as wringing head or stiff 
neck. If a child has one of these symptoms    
consultation from a doctor is a must, but if two or 
more symptoms occurred, urgent referral is 
needed. The risk of excessive public alarm and 
the potential for swamping imaging facilities at 
the top of our risk assessment and designed our 
materials to prioritize reassurance. Materials to 
be distributed to health care professionals via 
conferences and seminars and to general     
practitioner surgeries, health organizations, and 
professional bodies by direct mail. Materials also 
distributed to the public through community 
champions (directly to local schools, nurseries, 
hospital waiting rooms, etc.), as well as via local 
authorities and other charities and commercial 
networks. 

 Design an open access decision support website 
as Head Smart Website. 

 Conferences and Education Outreach Events. 

 Professional education and system track by    
reinforcing an on-going need for population-
based surveillance and further etiologic studies. 
Guideline to Examinations and procedure to   
follow in children with suspected brain tumor and, 
linking the revised guideline to policies of child-
hood and cancer practice raised awareness 
about features of childhood cancers among   
paediatricians and were associated with         
reduction in total diagnostic interval. Conferences 
and specialised continuous medical education 
Outreach Events.  

 Change in referral practice with early referral was 
most pronounced in the time from first medical 
contact to CNS imaging. Computed tomographic 
fast track. MRI protocols for imaging paediatric 
brain tumours: Further awareness of the revised 
protocol, improved access to the guidelines, and 
strict adherence to the protocols. Computed 
tomographic study of epilepsy in children as the 
primary diagnosis of a brain tumor, There were 
also formulated the practical recommendations 

concerning carrying out of CT investigations in 
children with prolonged resistant epileptic    
syndromes.  

 EEG, brain magnetic resonance imaging and 
tumor markers ( CSF/EEG)  for early detection 
of an evolving occult hypothalamic-stalk lesion 
in idiopathic central diabetes insipidus as     
Determination of CSF hCG at the first     
presentation may be useful, because an       
increased CSF level of hCG precedes MRI  
abnormalities. 

 The development of paediatric neurosurgery 
subspecialty, How to create as Correlation of 
neurosurgical subspecialisations with good out-
comes in children with malignant brain tumors. 

 
 
CONCLUSION 
 
Diagnosis of paediatric brain tumor is often delayed 
in relation to the presenting symptoms. The       
duration between first symptom and a cancer     
diagnosis is important because, if shortened, may 
lead to earlier stage diagnosis and improved     
cancer mortality and morbidity. Recent programs 
have sought to improve survival while decreasing 
neurologic sequels, design community awareness 
without making them panic as age-stratified     
symptom checklist, with instructions that one      
symptom required medical assessment and two 
required an urgent referral. So if parents report a 
combination of headache with other neurological 
abnormalities, a brain tumor should always be   
considered. Another pathway for professional and 
system track with revise of guidelines and policies, 
continuous medical education, CT fast track, MRI 
updated protocols, and other special                  
recommendation as EEG and CSF analysis and 
their role in early diagnosis. 
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ABSTRACT 

Lipstick smear is one of the trace evidence that may transfer due to contact       

between suspect, victim and crime scene. The main objective of this study was to 

discriminate and classify 12 red lipstick samples of local and international brands 

using ATR-FTIR spectroscopy coupled with chemometrics techniques of principle 

component analysis and hierarchical cluster analysis. The result obtained from 

hierarchical cluster analysis is in conformance with principle component analysis. 

The application of chemometrics techniques had successfully separated and     

discriminated the red lipstick samples into six distinctive clusters according to their 

brands. 

INTRODUCTION 
 
Cosmetic products are used by individuals with      
intention to improve their appearances as well as to 
―express‖ their beauty to the public. Lipstick is an   
emblem of feminism, allure and elegance. Individuals 
apply lipstick to make their appearances much more 
attractive. The main ingredients of lipstick are wax, oil 
and colourants [1, 2]. The vivid colour of lipstick is due 
to the presence of one or combination of organic dyes 
and inorganic pigments [3]. Some examples of dyes 
commonly used in lipstick are eosin, phloxine and 
erythroxine.  
 
In forensic caseworks, lipstick is commonly found in 
the form of smear and present in minute or trace 
amount [4-8]. The smears can be encountered on  
various types of substrates such as paper, fabric,   
tissue paper, drinking glass, paper cup, cigarette butt 
and skin. Lipstick smear is the result of physical     
contact between a person wearing lipstick with       
another person and/or with object(s) [9-12]. Hence 
lipstick smear is very helpful and useful in providing 
link between victims, suspects and also crime scene 
[13].  
 
Two techniques are generally approached in forensic 
lipstick analysis, namely, destructive and non-
destructive techniques. Most chemical analyses     
involve in lipstick smears are destructive in nature [14-

19], which mean that the analyses result in loss 
due to extraction and dissolution in organic        
solvents. In order to maintain sample integrity, non-
destructive techniques which have known to be 
straight forward analysis is highly recommended as 
it does not require any form of sample preparation, 
allows in-situ analysis and most importantly does 
not result in sample loss.  
 
FTIR spectroscopy is one of the examples of non-
destructive method. In this study, FTIR spectrosco-
py together with ATR accessory was chosen for the 
lipstick analysis. Previous study using FTIR     
spectroscopy in this area is very limited. A study 
conducted by Pasieczna-Patkowskaa and Olejnik 
(2013) [20] to red lipstick samples using different IR 
spectroscopy techniques including ATR-FTIR    
obtained similar spectra pattern regardless of    
lipstick formulations. Anthocyanin is one of the   
natural pigment contain in the lipstick formulation. 
Its absorption towards skin had successfully been 
studied by Westfall (2015) [21]. Most of the        
research study had focused and discovered only at 
spectroscopy spectral pattern. However, the      
interpretation of spectral pattern using conventional 
direct manual examination is very tedious,        
challenging as well as very time consuming. In this 
case, chemometrics techniques of principle      
component analysis (PCA) and hierarchical cluster 
analysis (HCA) were applied and give more       
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objectives and definite outcomes.  

PCA and HCA are described as unsupervised pattern 
recognition methods which are commonly used in   
forensic caseworks due to their ability to reduce a 
large number of datasets and presenting the data in 
the form of graphical presentation for an easy         
interpretation [22]. The result of PCA is presented in 
the score plot which reveals the relative position of the 
samples where the samples having similar scores are 
located closely together. Meanwhile in HCA, the data 
analysis will be signified in a dendrogram showing the 
successive stages of grouping. Both techniques     
enable a classification and characterisation of sample 
in more objectives and reproducible manner [23]. 
 
The aim of this study is to characterise and             
discriminate a set of red lipstick smears of local and 
international brands of similar shades using ATR-FTIR 
spectroscopy and analyse the spectroscopic data   
using chemometrics techniques of PCA and HCA.
  
 
METHODOLOGY 
 
Sample Collection 
A total of 12 red lipstick samples, comprising of local 
and international brands by six different manufacturers 
(SilkyGirl, Sendayu Tinggi, Simplysiti, Avon, NYX, 
Revlon) were used in this study. The selection of the 
brands was based on their commonality in the market. 
Each of the lipstick samples having similar hue and 
shade indistinguishable by eyes were selected. Table 
1 lists the lipstick samples, their shades, manufacture 
and reference codes. The reference codes were given 
for ease of identification of the lipstick samples.      
Another 6 lipstick samples of local brand named 
Peinifen13 (code P13) with same red shade was    

purchased specifically for repeatability and repro-
ducibility examination.  
 
ATR-FTIR Spectroscopy 
The FTIR analysis in this study was performed   
using a Bruker Tensor 27 FTIR spectrometer 
(Bruker Tensor, UK) equipped with a crystal       
diamond ATR sampling interface. The spectrometer 
was calibrated using a polystyrene film standard 
prior to performing any analysis.  
 
The ATR sampling interface was thoroughly clean 
by wiping it using a tissue paper soaked with   
methanol before and after scanning was done to the 
sample to ensure that the interface was free from 
any contaminants or sample carry-over effect. 
Background scanning was done to confirm that the 
sampling interface was thoroughly clean.  
 
The lipstick sample was smeared directly from its 
container onto the sampling interface. This was to 
ensure that the spectra were obtained without the 
interference from substrate or background matrix. 
The smear was scanned using the parameter   
mentioned in Table 2. 
 
The repeatability and reproducibility of the analysis 
were assessed by calculating the percent relative 
standard deviation (%RSD) of peak absorbancies. 
All the samples were analysed in six replicates.  
 
Chemometrics Analyses 
The chemometrics analyses of principal component 
analysis (PCA) and hierarchical cluster analysis 
(HCA) were performed using Minitab Version 16.2.3 
statistical software (Minitab Inc., State College, PA, 
USA). Prior to importing the dataset into the Minitab 
environment, the raw data were first pre-processed 

Categories Brands Lipstick shade Manufacture code Reference code 

Local SilkyGirl Foxy red 08 SK3 

    Spicy marsala 10 SK5 

  Sendayu Tinggi Red desire NA ST2 

    Red ruby NA ST3 

  Simplysiti Deep plum LC15 SS2 

    Chilli red LC25 SS4 

International Avon Berry-berry nice 1402 AV2 

    Poppy love 1400 AV4 

  NYX Russian roulette SR01 NYX2 

    Seduction SR05 NYX3 

  Revlon Really red 006 REV1 

    Retro red 004 REV3 

Table 1: List of the lipstick samples used in this study. 
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to compensate for run-to-run variations and to minimise 
the masking effect. 
 
 
RESULTS 
 
Repeatability and Reproducibility Studies 
Peinifen 13 (reference code: P13) lipstick samples were 
used for repeatability and reproducibility studies. These 
studies aimed to evaluate the precision and robustness 
of the techniques used in this study. Figures 1 and 2 
display the spectra obtained for the repeatability and 
reproducibility study, respectively. The figures have   
presented that the spectra of the P13 lipstick was over-
lapping one another and the calculated %RSD for both 
repeatability and reproducibility studies were less than 
5%, indicating that the technique was robust. 
 
Hierarchical Cluster Analysis (HCA) 
HCA was performed to the spectra lipstick samples  
using the Euclidean distance and single linkage       
clustering strategy mechanism. The wavenumber     
region 1730 cm

-1
 – 1701 cm

-1 
was chosen and the out-

Item Specifications 

Software OPUS 7.0 (20110823) 

Resolution 4 cm
-1 

Sample scan time 16 

Background scan time 16 

Range of wavenumber 4000 cm
-1

 – 600 cm
-1 

Accessory MIRacle, Diamond #141ADDF0 

Table 2: Parameter of ATR-FTIR Tensor 27 System 

Figure 1: ATR - FTIR spectra for repeatability study Figure 2: ATR – FTIR spectra for reproducibility study 

come of HCA is presented in a dendrogram as 
shown in a Figure 3. 
 
Principle Component Analysis (PCA) 
Similar to HCA, the wavelength region of 1730 
cm

-1
 – 1710 cm

-1
 was used for PCA analysis. The 

outcome is presented in a score plot and the final 
interpretation was made using the first two PCs; 
i.e. PC1 and PC2. In order to elucidate the out-
comes, the clusters were manually circled and 
labelled as shown in Figure 4. 
 
 
DISCUSSIONS 
 
Hierarchical Cluster Analysis (HCA) 
Wavenumber region 1730 cm

-1
 – 1701 cm

-1 
was 

chosen because it describe most of the variability 
concerning on the characteristics of samples 
hence allowing the samples to be discriminated 
from one another. As can be seen from the     
Figure 3, all the samples formed distinctive    
clusters. At similarity index approximately 87%, 



51 

 

six clusters which were designated as cluster 1, 2, 3, 
4, 5 and 6 (cluster 1: Avon, cluster 2: NYX, cluster 3: 
Silkygirl, cluster 4: Revlon, cluster 5: Sendayu Tinggi, 
cluster 6: Simplysiti) are evident in the dendrogram.   
 

Principle Component Analysis (PCA) 
The first principle component (PC1) accounted for 
80% of the variation in the dataset. The second prin-
ciple component (PC2) accounted for 19% of the 

variation in the dataset. Hence, the combination of 
these two PCs accounted for 99% variation in the 
dataset. As shown in the score plot, the lipstick 
smears are successfully classified into six distinc-
tive clusters equivalent to the six different lipstick 
brands used in this study.  
 
The six different clusters are labelled as cluster A 
(Avon), B (NYX), C (Revlon), D (Sendayu Tinggi), 
E (Simplysiti) and F (Silkygirl). These six distinctive 

Figure 3: A dendrogram generated from the red lipsticks smeared dataset using Single Linkage 
and Euclidean Distance 

Figure 4: The principle component score plot for the lipstick samples 
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clusters have been separated very well. The         
separation could have been due to the different dyes 
formulation and composition in the lipstick samples 
used in this study. 
 
 
CONCLUSION 
 
The variations in lipstick colours arise from different 
combinations of dyes and pigments available in the 
market. Generally, lipsticks of different colours for 
examples red and brown can be readily discriminated 
between one another however it is not the case with 
lipsticks of similar colours and shades. The latter 
when discovered at crime scene poses a very      
challenging task to forensic scientists.  
 
In this study, red lipsticks from local and international 
brands were studied using ATR - FTIR coupled with 
chemometrics techniques with the aim to differentiate 
them. The combination of ATR – FTIR coupled with 
PCA and HCA had successfully discriminated the 
lipstick samples into six distinctive clusters according 
to their brands. These chemometrics techniques give 
more objective outcomes (delivered by the score plot) 
compared to direct visual examinations of FTIR   
spectra alone. Hence, it shows that these approaches 
are powerful procedures in characterising and       
discriminating the lipsticks with different brands.  
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ABSTRACT 

In Malaysia and globally, infectious diseases remain a complicated and never- ending series 

of problems affecting multiorgan and system including the eyes. Retinitis as a consequence 

of infection is potentially sight threatening and occurs in both immunocompetent and      

immunocompromised individuals. Retinitis may affect human in eye per se or often as a 

manifestation of systemic illness. A total of 24 patients and 31 eyes were included in this 

retrospective electronic observational case series review. Only cases with positive history 

and clinical findings together with positive laboratory findings in Hospital Selayang from 

2015 until 2017 were analysed. We excluded Retroviral cases as they may have             

multifactorial cause of immunodeficiency as a result of opportunistic infections. Our target is 

to identify common cause of infectious retinitis in immunocompetent and                         

immunocompromised patients hence can offer good treatment and prevent blindness. In the 

future we plan to extend period of our study to include more cases of infectious retinitis  

besides to compare differences between those groups. 

INTRODUCTION 
 
Retinitis as a consequence of infection is potentially 
sight threatening and can occur in both immunocompe-
tent and immunocompromised individuals. Infectious 
retinitis is caused by different types of pathogens    
including viruses, bacteria, fungi or parasites. The 
symptoms include floaters, blurring of vision and eye 
discomfort. The clinical signs are anterior uveitis,    
vitritis, yellow plaque-like lesion, with some may have 
vasculitis and choroiditis. Retinal detachment and   
retinal atrophy may complicate infectious retinitis if not 
treated accordingly. 
 
 
MATERIALS AND METHODS 
 
A total of 24 patients and 31 cases from January 2015 
until December 2017 were studied. All these data were 
extracted electronically using the keywords ‗ Retinitis, 
Infectious, immunocompetent, and immunocompro-
mised‘. The cases were reviewed individually from the 
first presentation, symptoms, clinical findings,          
diagnosis and treatment. Only those with positive    
serology findings were chosen and included in this 
study. Subsequently those data were classified into 
immunocompetent and immunocompromised groups 

and the number of the causative agents were     
calculated. Vision of each patient was also         
analysed. 
 
 
RESULTS 
 
The patients involved in this study aged  between 8 
and 77 years old. The mean age group is 28years 
old. The causes of infectious retinitis varies in  
causative agents (Figure 1) with Bartonella (Figure 
2) being the highest, 54%, viral causes namely               
Cytomegalovirus (Figure 3) accounts for 12.5% and 
Varicella Zoster Virus 8.5% while Leptospira, 
Burkholderia Pseudomallei (Figure 4), Tuberculosis 
and Toxosplasma (Figure 5) accounts for 4.1%  
respectively. 
 
Immunocompetent patients who developed retinitis 
occurred in 21patients (87.5%) and in immunosup-
pressed, 3 patients (12.5%) (Figure 6). Patients in 
immunosuppressed group are patients with        
malignancy who underwent chemotherapy and 
those with autoimmune disease on immunosup-
pressant drugs.  Bartonella is the most common 
cause of retinitis in immunocompetent patients 
(54%). In contrast Cytomegalovirus retinitis
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(11.11%) is the cause seen in 3 immunosuppressed 
patients.  
 
All patients received treatment accordingly with  
complete resolution of the lesion. However final   
visual outcome varies among patients. In immuno-
competent group 38% of the patients gain vision of  
>6/9 and another 62% has vision which ranges from 
6/18 to Counting Fingers at a distance of 3feet. All  
the 3 patients in the immunosuppressed group had 
vision < Counting Fingers. Macular scar, epiretinal 

membrane and lamella hole are the main causes of 
poor vision in both group. 
 
 
DISCUSSION 
 
Bartonellosis is the commonest cause of infectious 
retinitis seen in these case series which probably 
due to geographical factor as a tropical country [1,2]. 
Bartonella Henselae which is a gram negative rod 
infects human via traumatic contact or by vectors 

Figure 3: Fundus photograph of patient with  
Cytomegalovirus  retinitis.   

Figure 2: Fundus photograph of patient with Neuroretinitis 
secondary Bartonella infection.  

Figure 1: Pie chart of different causative agents of Infectious retinitis 
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Figure 4: Fundus photograph of patient with  
Melioidosis. 

like cat flea, mosquitoes or sand fly. It makes a      
protein binder, adheres to red blood cells, penetrate 
into endothelial cell and colonise there. Therefore  
immunocompetent individual is also vulnerable to the 
disease. Besides retinitis or neuroretinitis, it causes 
various ocular manifestation such as conjunctivitis, 
focal chorioretinitis, subretinal fluid and vasculitis.  
Tuberculosis is still endemic in Malaysia. It is 1 of the 
most infectious disease with rates of incidence of 79.8 
per 100000 [3]. It may  present with large variations of 
clinical presentation including vitritis, vasculitis, and 

retinitis. Thus, it is a great mimicker and must be 
ruled out in all suspected infectious case. Cyto-
megalovirus in immunocompetent patients are not 
well documented [4]. It frequently reported in     
immunocompromised  patients such as transplant 
recipient and HIV positive patient. However a study 
by Dowling et al [5]

 
revealed that 8 of 14 patients   

receiving immunosuppressive drugs infected with 
Cytomegalovirus systemically. Cytomegalovirus 
causes full-thickness retinal necrosis with pathog-
nomonic cytomegalic cells with intranuclear        

Figure 5: Fundus photograph of patient with Toxoplasma 
Retinitis 

 Figure 6 :  Total no of patients in immunocompetent group is 90% and Immunosuppressed group 10%.  
38% of immunocompetent group gained vision > 6/9 and none in immunosuppressed group has vision > 6/9 
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inclusions. Leptospira and Burkhoderia sp, are not to 
be missed out during investigating cause of retinitis. 
Clinical examinations and laboratory diagnostics are 
mandatory for diagnosis and successful treatment. 
Likewise knowledge of the  immune status of the 
host is essential since immune modifying strategies 
may be needed to complement the anti infective 
treatment in those patients who have been on immu-
nosuppressant drugs.  
 
 
CONCLUSION 
 
Infectious retinitis can occur regardless immune     
status of a host. Bartonella is the commonest cause 
but mainly among immunocompetent individuals 
whereby Cytomegalovirus in immunocompromised 
group. Early diagnosis and aggressive treatment are 
crucial to prevent debilitating visual complications. 
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ABSTRACT 

We reported a case of a 42 days old baby girl who was diagnosed with bilateral acute retinal 

necrosis with tractional retinal detachment. She was earlier diagnosed to have disseminated 

Herpes Simplex Virus (HSV) type 2 infection with encephalitis and treated by the paediatrics 

team with intravenous aciclovir. She was referred for routine eye assessment and dilated 

fundus examination revealed extensive peripheral retinal necrosis with some areas of     

resolving retinitis involving the right macular but sparing the left macular. The ocular disease 

progressed and tractional retinal detachment developed bilaterally needing vitreoretinal  

intervention. However, her systemic diseases worsened and she passed away at another 

tertiary hospital while waiting for the vitreoretinal surgery. This case demonstrates that a 

patient with such severe retinal necrosis might have normal anterior segment findings. 

Therefore, it is recommended that all neonates with systemic herpetic infection should be 

referred ophthalmological assessment early even in the absence of external eye signs as 

early antiviral treatment can minimise complications of acute retinal necrosis. 

INTRODUCTION 
 
Acute retinal necrosis (ARN) is an uncommon        
condition in immunocompetent patients. The age of 
presentation is usually between 20 to 60 years old (1). 
The most common causative organisms are Herpes 
Simplex Virus (HSV) type 1, HSV type 2, Varicella 
Zoster virus and rarely cytomegalovirus and Epstein 
Barr virus (1). In paediatric group, the most common 
organism is the HSV-2 as it is commonly seen as a 
feto-maternal transmission (2). This case highlights the 
ocular involvement in HSV type 2 infection which can 
be devastating despite treatment. 
 
A 42 days old baby girl who was diagnosed of         
disseminated Herpes Simplex Virus (HSV) type 2   
infection with encephalitis was referred for routine eye 
assessment. She was born via spontaneous vaginal 
delivery at full term with no antenatal, intrapartum or 
postnatal complications but her mother was tested 
positive for HSV-2 infection. She was started on      
intravenous acyclovir by the paediatrics team seven 
days before the referral to the ophthalmology team. 
Ocular examination done on the first review revealed 
normal anterior segment. There was no relative      
afferent pupillary defect. Conjunctiva in both eyes were 

white and there was no eye discharge, lid swelling 
or eyelid skin changes. Except for bilateral mild 
cataract, the anterior segments findings were     
unremarkable in both eyes. The right and left intra-
ocular pressure were 8 mmHg and 9 mmHg      
consecutively. Dilated fundus examination of both 
eyes revealed extensive peripheral retinal necrosis 
with some areas of resolving retinitis involving the 
right macular (Figure 1) but sparing the left macular 
(Figure 2). There were multiple areas of retinal 
haemorrhages and mild traction band seen but 
there was no retinal detachment noted. Both optic 
discs were pale.  
 
She was diagnosed with bilateral acute retinal   
necrosis secondary to disseminated HSV-2        
infection. The ocular management at this point was 
to continue with intravenous treatment of acyclovir 
500mg/m2 three times daily as prescribed by the 
paediatric team for a total duration of six weeks. 
Dilated fundus examinations were done by the  
ophthalmology team twice weekly to monitor the 
progress of the retinal necrosis. However, fundus 
review after two weeks revealed an inferior       
tractional retinal detachment in the right eye which 
then progress to involve the macular after 4 days. 
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(Figure 3). The left eye also started to develop       
tractional retinal detachment one week later. Vitreoret-
inal team at another tertiary hospital was consulted 
regarding the case and she was transferred there for 
further management and assessment pending       
surgical intervention for the retinal detachment. 

There, her systemic condition deteriorated      
despite continuation of treatment. She developed 
multiple  episodes of seizure secondary to the 
HSV encephalitis. Thus surgery to correct the 
retinal detachment had to be postponed. Unfortu-
nately, baby Tan XL passed away after 2 weeks 

Figure 1: Retcam photograph of the right fundus 
showing extensive retinal necrosis involving the  

macular with hazy media due to vitritis 

Figure 2: Retcam photograph of left fundus showing extensive 
necrotic retina mainly involving the temporal retina 

Figure 3 : Retcam photograph of the right fundus at the time of referral to vitreoretinal unit showing extensive retinal scarring with 
tractional retinal detachment. 
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of intensive  therapy at the paediatric intensive care 
unit. 
 
 
DISCUSSION 
 
Acute retinal necrosis is a triad of peripheral           
necrotising retinitis, retinal arteritis and anterior uveitis 
or vitritis (1). The condition is relatively rare in        
paediatric age group. There are only several case  
reports published with the largest case series reported 
by Silva et al (2) in which they reported total number 
of 14 patients, aged from new-born to 21 years old 
who were diagnosed between 1995 until 2009 in a 
large tertiary centre. 
 
There are several ways in how ARN can happen in a 
paediatric group. These patients might be having neo-
natal herpetic infection such as a disseminated      
infection, isolated encephalitis or mucosal herpetic 
infection of the skin, eye and mouth. These infections 
then spread hematogenously into the ocular structure 
causing ARN. It is also postulated that the virus can 
spread from the brain via axonal transmission from 
suprachiasmatic or periventricular nuclei towards the 
retina.(2) Another possible way is that ARN can also 
be a result of a reactivation of a latent neonatal      
infection which had previously taken place (3). 
 
The most severe clinical features of ARN usually   
confined to the retina but anterior segment may show 
some periorbital skin vesicles, conjunctivitis or anterior 
uveitis. Retinal changes are divided into acute and 
late stage. Peripheral necrotising retinitis which is   
rapidly progressing is the most stand-out features. 
Other posterior segment findings in the acute stage 
would be vitritis, retinal arteritis and retinal edema. 
Late stage disease would reveal chorioretinal atrophy 
with scarring and tractional band. Some of the       
tractional band would progress into tractional retinal 
detachment.  
 
Most cases of ARN can be diagnosed clinically based 
on dilated fundus examination due to the obvious   
necrotising retinitis present in all patients. It is some-
time possible to identify the causative organism by 
obtaining sample from the ocular fluids and send it for 
polymerase chain reaction (PCR), culture or immuno-
histochemical investigations (4). In our case, the HSV-
2 was detected in cerebrospinal fluid by PCR. 
 
The mainstay of treatment in cases of ARN would be 
a systemic antiviral therapy. The recommended  anti-
viral for HSV-1 and HSV-2 is intravenous acyclovir.(3) 
The duration of treatment depends on the clinical 
course. During active inflammation, it is important to 
administer parenteral treatment for 10 to 15 days and 
this might be continued with oral antiviral for another 3 
months up to a year (5). Valaciclovir is reported to 
have better absorption compared to acyclovir thus 
having better ocular penetration (5). 
 
Recent studies have suggest that there is additional 
benefit of combination of systemic and intravitreal  

foscarnet in reducing the rate of retinal detachment 
and visual loss (6). However, it is also reported that 
intravitreal injection itself carries some risk for    
complications such as endophthalmitis, retinal     
detachment, vitreous haemorrhage and lens trauma. 
In addition, the availability of the medication is     
limited to certain countries. Our patient was only 
seen most likely at the late stage of the disease with 
retinal detachment occurring not long after the first 
ophthalmological review. 
 
The role of systemic corticosteroid is controversial. 
However in cases with very dense vitritis,            
corticosteroid might be helpful. Other potential     
benefit of systemic corticosteroid includes           
minimisation of fibrosis and tractional bands        
formation. Some ophthalmologist also advocates 
barricade retinal laser photocoagulation surrounding 
the traction and necrotic areas as a prophylaxis to 
prevent retinal detachment. In cases which          
progressed into retinal detachment, patient needs to 
undergo pars plana vitrectomy and endolaser with 
silicone oil as tamponade to treat the retinal        
detachment. 
 
This case demonstrates that a patient with such  
severe retinal necrosis might have normal anterior 
segment findings. Therefore, it is recommended that 
all neonates with systemic herpetic infection should 
be referred to ophthalmology for eye assessment 
even in the absence of external eye signs because 
early antiviral treatment can minimise complications 
of ARN. 
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ABSTRACT 

A case control study was conducted to compare the central corneal thickness between diabetic and non

-diabetic population. The subjects were 185 Malaysian adults who came to the Universiti Kebangsaan 

Malaysia Medical Centre (UKMMC) Eye Clinic. The sample was divided into two groups in which there 

were 90 diabetic and 95 non-diabetic participants. All subjects who fulfilled the inclusion and exclusion 

criteria were recruited after obtaining informed consents. Central cornea thickness (CCT) measurement 

was carried out on right eye with a Topcon SP-2000P non-contact specular microscope. Readings 

would only be taken from the left eye if the right eye did not meet the inclusion criteria. Three measure-

ments were taken and the mean was used as the final result. Over half were Malays (n=103, 55.7%) 

followed by Chinese (n=69, 37.3%) and Indians (n=13, 7.0%). The mean age for diabetic participants 

was 59.23±10.02 years, ranging from 38-74 years. Among the non-diabetic participants, the mean age 

was 57.07±13.68 years, ranging from 23-78 years. The difference between age of diabetics and non-

diabetics was not statistically significant (p=0.22). CCT of all participants was normally distributed, with 

the mean of 526.55± 31.82 μm. The mean CCT in diabetic participants was 531.48± 32.88 μm whereas 

it was 521.88± 30.22 μm in non-diabetic participants. The increase in CCT found in diabetic participants 

was statistically significant (p=0.04). This study showed that diabetes is associated with thicker CCT 

which might contribute to overestimation of intraocular pressure in the management of suspected glau-

coma patients.  

INTRODUCTION 
 
Diabetes mellitus is a common worldwide disease. It 
is a cause of major and growing concern due to its 
high prevalence, chronic complications and high 
mortality rate, affecting approximately 180 million 
people around the world [1]. The prevalence of    
diabetes in Malaysia has been increasing steadily 
over the years with an estimate of 0.65% in 1960, to 
2% in 1982. In 1986, the prevalence was estimated 
to be 6.3% and is further increased to 8.3% in 1996 
[2].   
 
The measurement of central cornea thickness (CCT) 
helps in the clinical assessment of glaucoma [3].  
Because diabetes mellitus is a common condition in 
most countries, the association between diabetes 
and CCT is important as it affects the measurement 
of true intraocular pressure (IOP). Ocular             
Hypertension Treatment Study has demonstrated 
that CCT was a predictor for the development of  
primary open angle glaucoma (POAG) [4]. The  

thickness of cornea has a significant effect on the 
measurement of intraocular pressure. A thicker     
cornea leads to an overestimation of IOP while a 
thinner cornea causes an underestimation of IOP.  
   

There have been reports of increased central corneal 
thickness in patients in whom diagnosis of ocular  
hypertension was made. It had been found that CCT 
of eyes of patients with ocular hypertension was   
significantly greater (606±41μm) than that of eyes of 
patients with glaucoma (554±22μm) or of eyes of  
normal controls (561±26μm) [5]. These variations of 
CCT in eyes of different groups have also been 
shown in many other studies such as study by      
Patwardhan A et al in United Kingdom who found 
that the mean ± standard deviation of CCT was 561.5 
± 35.7 μm, 538.9 ± 41.4 μm, 538.3 ± 40.3 μm for  
ocular hypertension (OHT), primary open angle   
glaucoma (POAG) and normal pressure glaucoma 
(NPG) subjects respectively [6]. 
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This overestimation or underestimation of IOP has 
important implications in diagnosis and management 
of patients. In term of diagnosis, a population may 
have higher prevalence of ocular hypertension if the 
population has a thicker CCT and vice versa. This 
would influence epidemiological study of the disease 
of that particular population.  

  
On top of that, CCT must be considered

 
when       

developing a treatment approach for a patient with 
ocular hypertension since the patient‘s ocular hyper-
tension can be due thick CCT rather than other  
pathological changes. The same study by              
Patwardhan A et al demonstrated that CCT and    
adjusted IOP measurement can influence glaucoma 
management in a clinical context [6]. It helps attribute 
risk and hence aids patient management decisions. 
Their study revealed that the IOP adjustment was 
greater than ±2 mmHg in 33.9% (n=304) of eyes. This 
CCT and adjusted IOP information had led to different 
treatment option in 37% (n=152) of cases. Of the 
most important changes, 20.4% cases would have 
been commenced on additional IOP-lowering       
medication, 2.0% would have been counseled for  
trabeculectomy surgery and 3.3% of the cohort would 
have been observed rather than treated [6]. This 
clearly shows the importance of central corneal thick-
ness in clinical decision making. 
 
As diabetes is common in Malaysia, it is justified to 
study the effect of the disease on the CCT. To our 
best knowledge, there is little known about the CCT 
among diabetic and non-diabetic persons in Malaysia. 
Therefore, this study is designed to compare the CCT 
between those with and without diabetes, since CCT 
has been shown to influence diagnosis and          
management of the patients.  
 
 
MATERIALS AND METHODS 
 
This is a case-control study which was carried out in 
April 2009 among 90 diabetic and 95 non-diabetic 
participants who came to Ophthalmology Clinic,    
Universiti Kebangsaan Malaysia Medical Centre 
(UKMMC). The sampling frame consisted of all main 
races in Malaysia which are Malay (n=103, 55.7%), 
Chinese (n=69, 37.3%) and Indian (n=13, 7.0%);   
ages from 23 to 78 years old. Approval for the study 
protocol was granted by UKMMC Research          
Secretariat. Written informed consent was obtained 
from all the participants before enrollment.     
      
All participants had gone through a standardized   
interview to determine if they were eligible to         
participate in the research based on the inclusion and 
exclusion criteria. Diabetes mellitus was defined in 
this study as those who have been diagnosed by a 
physician to have Diabetes Mellitus previously, and 
on diabetic medication or having non-fasting blood 
glucose of ≥11.1mmol/l. Non-diabetic participants 
were those who denied of having diabetes mellitus 
and having non-fasting blood glucose of <11.1mmol/l. 

Those with history of corneal disease, glaucoma, 
previous eye surgery including laser refractive eye 
surgery and usage of contact lens at the time of 
participation were excluded from the study. The 
subjects‘ non-fasting blood glucose was tested   
using OneTouch R Horizon glucometer with 
OneTouch R Horizon test strips. Three measure-
ments of the CCT were obtained from the right eye 
with a Topcon SP-2000P non contact specular   
microscope (Topcon Corp., Tokyo, Japan). If the 
participant‘s right eye did not meet the inclusion 
criteria, measurements from the left eye were taken 
provided the left eye fulfilled the criteria. The mean 
CCT based on 3 measurements was used as the 
final result.  
 
Statistical analysis was performed using SPSS for 
Window (version 13.0, SPSS Inc. Chicago. IL). The 
correlation of central corneal thickness between 
diabetic and non diabetic subjects was analyzed 
using the Student t-test. 
 
 
RESULTS 
 
A total of 185 subjects were recruited in this study 
and CCT measurements were taken. Over half 
were Malays (n=103, 55.7%) followed by Chinese 
(n=69, 37.3%) and Indians (n=13, 7.0%). The   
sample was divided into two groups in which there 
were 90 diabetic and 95 non-diabetic subjects. The 
mean age for diabetic subjects was 59.23 ± 10.02 
years, ranging from 38-74 years. Among the non-
diabetic subjects, we found that the mean age was 
57.07 ± 13.68 years, ranging from 23-78 years old. 
The age difference between diabetic and non-
diabetic subjects was statistically not significant. 
(p=0.22, Student t-test) (Table 1). The number of 
left eye measured is 9 (4.9%), while the remaining 
CCT were measured using right eye, 176 (95.1%).  

 
CCT was normally distributed with a mean of 
526.55± 31.82 μm. The mean CCT in diabetic    
subjects was 531.48± 32.88 μm whereas it was 
521.88± 30.22 μm in non-diabetic subjects. The 
increase in CCT found in diabetic subjects was sta-
tistically significant (p=0.04, Student t-test). (Table 2 
and Figure 1). 
 
 
DISCUSSIONS 
 
Since diabetes mellitus is a very common disease 
in Malaysia with increasing prevalence over the 
years, it is potentially important to associate       
diabetes and CCT. CCT must be considered when 
developing a treatment approach for a patient with 
glaucoma or ocular hypertension, since a thicker 
central cornea causes overestimation of IOP rather 
than presence of pathological changes. In addition, 
persons with diabetes are thought to be at higher 
risk of glaucoma, possibly due to the influence of 
chronic hyperglycaemia on corneal thickness and 
IOP measurement. The Blue Mountains Eye Study 



62 

 

Characteristic   Diabetic   Non-diabetic Total P value   

Age                   

Mean ±SD 59.23±10.02 57.07±13.68   0.22   

Range     38-74   23-78         

                    

Gender                   

Male, n = (%)   44(51.8%)   41(48.2%)   85 0.09   

Female, n = (%)   46(46.0%)   54(54.0%)   100     

                    

Race                   

Malay, n = (%)   48(46.6%)   55(53.4%)   103     0.26 

Chinese, n = (%)   31(44.9%)   38(55.1%)   69   

Indian, n = (%)   11(84.6%)   2(15.4%)   13     

                    

Table 1: Demographic Data 

Characteristic N   Mean ± SD (μm) 
Student t-test 

P value 

Diabetic   90   531.48±32.88   0.04 

Non-diabetic 95   521.88±30.22     

Total    185       526.55± 31.82   

                

Table 2: Mean of Central Corneal Thickness 
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Figure 1: Mean (Standard Deviation) of Central Corneal Thickness (CCT) 
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and other studies showed that persons with diabetes 
are at increased risk of developing glaucoma [7]. 
Thus, the relation between diabetes, CCT, IOP and 
glaucoma plays an important aspect in our study. 
 
This study demonstrates a relationship between CCT 
and diabetes. In our study, on average, the central 
cornea of a diabetic person is 9.6μm thicker than a 
person without diabetes mellitus (531.48μm vs 
521.88μm). The difference between age of diabetics 
and non-diabetics was statistically insignificant 
(p=0.22), indicating that age is not a confounding   
factor in this study. The effect of diabetes on CCT is 
also seen in other races as shown by several studies 
done by other researches. A study by Brandt JD et al 
amongst Caucasians showed that mean CCT of    
subjects reporting a history of diabetes at the baseline 
was statistically significantly greater compared with 
subjects not reporting a history of diabetes (diabetics, 
n=128; 580.1±42.0 µm; non-diabetics, n=1101; 
572.2±38.6 µm, p=0.02) [8]. The Singapore Malay 
Eye Study showed that the central corneas were    
significantly thicker in diabetic subjects as compared 
to non-diabetic subjects (diabetic, n=748, 547.2 µm vs 
non-diabetic, n=2491, 539.3 µm, p<0.001). The     
difference is comparable to our study. However, this 
study also demonstrated that thicker CCT was also 
associated with higher serum glucose (p=0.023) and 
higher HbA1c levels (p<0.001) [9]. A study by       
Claramonte PJ et al also showed that persons with 
diabetes had a thicker CCT than persons without   
diabetes (571.96±26.81µm vs 544.89±35.36µm) [10]. 
Data from a randomized clinical trial, the European 
Glaucoma Prevention Study, showed that participants 
with diabetes had thicker central corneas than        
persons without diabetes (588μm vs 571μm) [11]. As 
a result, our study implies that thicker central corneas 
have been associated with diabetes which may further 
influence the readings of IOP in the diagnosis of   
glaucoma in suspected patients. 

  
Apart from that, our study also shows that the mean 
CCT in both diabetic and non-diabetic subjects are 
lower than the measurements found in the studies 
mentioned. This is possibly due to the usage of     
Topcon SP-2000P non-contact specular microscope 
as a tool to measure CCT in our study, as compared 
to the other studies which used ultrasonic        
pachymeter. According to a study by Shigenobu    
Suzuki et al, central corneal thickness measurements 
using noncontact specular microscope (Topcon SP-
2000P) (525.3±31.4μm) gave significantly lower read-
ings than scanning-slit topography (546.9±35.5μm) 
and ultrasonic pachymeter (548.1±33.0μm) [12].    
Another study by Sallet G also showed that the mean 
CCT measured using non-contact specular            
microscope (Topcon SP-2000P) was significantly  
lower than mean CCT measured using ultrasonic 
pachymeter (535μm vs 540μm) [13]. K Kawana et al 
also demonstrated that the value obtained with        
SP-2000P non-contact specular microscope was   
significantly smaller than that taken with ultrasonic 
pachymetry (467.9±40.2μm vs 478.8±41.9μm, 

p<0.001) [14]. On top of that, the reason we use 
non-contact specular microscope to measure CCT 
is that we could eliminate the human error when 
using ultrasonic pachymetry. Because the latter is 
handheld, we may not be able to center the probe 
centrally. Even though ultrasonic pachymetry is a 
common approach and an efficient way to measure 
CCT, this probe must touch the corneal surface 
and topical anaesthesia is thus required. More 
over, its accuracy is dependent on the                
perpendicularity of the probe‘s application to the 
cornea and reproducibility relies on the precise 
probe placement on the corneal center [12]. Thus, 
due to the bias induced by ultrasonic pachymeter 
placement, the measurement of CCT is not       
consistent from one operator to another. Therefore, 
measurement of CCT using Topcon SP-2000P 
specular microscope is more consistent [15]. This is 
also the reason why we use the non-contact    
specular microscope to conduct this study as the 
CCT measurements could be taken by different 
operators in our study. Besides, the other           
advantages of using non-contact specular          
microscope are that it is easily mastered by a    
technician, there is no risk of transmitting infectious 
disease, the central alignment is easily achieved 
and there is no topical anaesthesia needed [13].  

 
Several mechanisms can be speculated about the 
basis of association between diabetes and CCT. 
Hyperglycaemia may contribute to cornea endothe-
lial dysfunction resulting in stromal hydration and 
cornea swelling. This was supported by McNamara 
NA et al who pointed that corneal structures are 
altered in diabetic patients, suggesting that hyper-
glycaemia affects control over corneal hydration, 
thus varying corneal thickness in diabetic patients 
[16]. In fact, abnormalities of cornea endothelial 
morphology such as polymorphism, polymega-
theism, decrease in percentage of hexagonal cells, 
higher coefficient of variation, and increased CCT 
have been detected on specular microscope in  
persons with diabetes [17, 18].  
  
On the other hand, we would like to make some 
recommendations after completing this study. We 
recommend that a study is done to show the      
relationship between duration of diabetes and CCT. 
A separate study to demonstrate relationship     
between CCT and adjusted IOP measurement 
amongst glaucoma patients could also be          
conducted. It is necessary to complement the    
findings in our study with the results of those      
recommended studies mentioned in an attempt to 
provide an appropriate management to suspected 
glaucoma patients. 
 
 
CONCLUSION  
 
In conclusion, our study showed that persons with 
diabetes have thicker central corneas than those 
without diabetes. These findings suggested that 
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CCT measurements were affected by the presence 
of diabetes. Thus, IOP must be adjusted when treat-
ing diabetic patients with suspected glaucoma or oc-
ular hypertension. 
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ABSTRACT 

The primary cause of visual loss in diabetic retinopathy (DR) is macular edema. Predicting the        

occurrence of diabetic macular edema may allow institution of early treatment in diabetic patients. A 

prospective observational study was conducted to determine whether abnormal implicit time in        

multifocal ERG or mfERG (mfERG IT) within the macular region can predict progression of DR after one 

year. A total of fifty patients with type 2 diabetes and mild to moderate non-proliferative diabetic       

retinopathy (NPDR) was utilized. At baseline, patients’ mfERG from 61 retinal points within 35 degrees 

from the center of fovea were recorded and fundus photographs were taken at baseline and 12 month. 

mfERG IT at baseline were measured and fundus photograph were used to monitor progression of  DR 

within 1-year. The result revealed that 1552 retinal points with abnormal mfERG IT showed DR       

progression after 1 year. Relative risk of DR progression among retinal points with abnormal mfERG IT 

at baseline were 6 times greater than retinal points with normal mfERG IT (RR 6.21; p < 0.001). mfERG 

IT at baseline has 89.9% sensitivity and 81.7% specificity to predict progression of DR. In conclusion, 

abnormal mfERG IT provides an objective assessment of local retinal health in diabetes and may be 

useful to predict DR progression.  

Original Article 
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INTRODUCTION 
 
The prevalence of Diabetes Mellitus (DM) is expected 
to increase two- fold from 2.8% or 171 million       
population in the year 2000 to 4.4% or 366 million 
population in 2030 [1]. In10.2 million adults aged 40 
years and older with DM, the estimated crude      
prevalence rates for retinopathy and vision threaten-
ing retinopathy were 40.3% (4.1 million person) and 
8.2% (836,400 person) respectively [2]. The primary 
cause of visual loss in diabetic retinopathy (DR) is 
macular edema, caused by leakage from micro     
aneurysms and dilated capillary segments. Diabetic 
macular edema (DME) can occur at any stage of DR 
and may result in devastating visual complication. 
Therefore, predicting and preventing macular edema 
in ―at risk‖ individuals would be of great benefit for 
diabetic patients.  

 

 
Recently, multifocal ERG (mfERG) has emerged as a 
new technique for exploring human retinal function 
including DR [3]. Several studies have shown that 
mfERG implicit times (IT) were significantly increased 
and the mfERG amplitude (Amp) were significantly 
reduced in diabetic patients with or without retinopa-

thy [3,4]. Other relevant study reported that the   
relative risk (RR) of developing new DR over one 
year in the areas with abnormal mfERG IT was   
approximately 21 times greater than in eyes with 
normal baseline mfERG IT [4]. Nevertheless the 
study only involved a small number of subjects and 
used larger retinal zones rather than small unit of 
retinal points. 
 
The purpose of this study is to assess whether   
abnormal mfERG IT within the macular region at 
baseline are predictive of new development or  
worsening of DR after 12 months and to study the 
correlation between the number of retinal points with 
abnormal mfERG IT that has developed new or 
worsening DR after 12 months with glycosylated 
hemoglobin (HbA1c) level, duration of diabetes and 
diabetic treatment. 
 
 
METHODOLOGY 
 
Subjects 
This was a prospective observational study among 
type 2 diabetic patients with mild to moderate 

mailto:drhdmi@yahoo.co.uk
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NPDR. This study was conducted at the Department 
of Ophthalmology, Universiti Kebangsaan Malaysia 
Medical Centre (UKMMC), Kuala Lumpur, Malaysia. 
The study followed the tenets of the Declaration of 
Helsinki and was approved by the UKMMC Ethics 
Committee for protection of Human Subjects. Patients 
with only mild to moderate NPDR were  included in 
the study. All subjects were free from other ocular 
diseases apart from DR and had the best corrected 
visual acuity (BCVA) of 20/20 or   better.  
 
Baseline 
At baseline, all patients had their visual acuities  
measured using the Snellen chart, a complete dilated 
ocular examination using the slit lamp and blood    
taken for HbA1c level. Fundus photographs using 
Topcon TRC 50DX Type 1A Retinal Camera were 
obtained. The macular area was determined by an 
imaginary circle of which the radius is a distance   
between the center of the macular and including the 
temporal 1/3 of the optic disc. Only one eye with the 
clearest fundus image was included in the study. The 
images were cropped and printed out using A4 size 
glossy paper. 
 
MfERG procedure  
After 15 minutes exposure to ordinary room light 
(recovery period), mfERG examination were          
performed using the Espion mfERG by Diagnosys, 
LLC. The selected eye was anesthetized with topical 
instillation of Proparacaine Hydrochloride 0.5% and 
the patient‘s temporal part of the scalp, midline of the 
forehead and both sides of the nasal bridge were 
cleaned with alcohol swab and scrubbed using the 
skin prep paper. The Dawson-Trick-Litzkow (DTL) 
fibers were then placed on the inferior fornices of the 
tested eye. The fibers were held by two skin         
electrodes, one placed on the temporal scalp and the 
other on the sides of the nasal bridge. A ground   
electrode was placed on the midline of the forehead 
and an eye occluder covered the untested eye 
 
The patient was then seated comfortably 30 cm from 
the LCD screen with their head placed in the built-in 
headrest. The 61 hexagons 35 degree protocol was 
used for this study which was an array of 61          
hexagonal elements delivered within a field of 35   
degrees. During stimulation, the displays appeared as 
a flicker of each hexagon that will go through a binary 
m- sequence of black (Lmin = 0cd/m

2
) and white 

(Lmax = 1000cd/m
2
). In order to increase the reliability 

of the test, blink rejection was set up to 20µV and 
noise rejection was set up to 50µV to filter the        
unnecessary waveforms produced by noise and blink-
ing reflex. A reliability index of 98 -100% was aimed 
for each test. To increase patient concentration, the 
test was paused and re- run repeatedly to allow the 
tested eye to rest for a few seconds. The overall test 
took about 8- 10 minutes to complete. In this study, a 
standard algorithm of m- sequence which was        
recommended by the International Society of Clinical 
Electrophysiology of Vision (ISCEV)standard for    
clinical mfERG (2011 edition) was used [5]. The        
m-sequence controls the sequences of change      

between light and dark stages of each hexagon. This 
caused each hexagon to change with every different 
frame. The mfERG test was repeated twice and the 
mean from all three readings were taken. 
 
At the end of the test, the trace array, topographic     
3-D density plots and concentric rings averages were 
obtained. In trace array, the smoothed (filtered) rather 
than raw data was used. This smoothed data       
eliminated surrounding noise and thus further 
smoothed the raw data. 
 
Trace array MfERG result were printed on an A4 size 
overhead projector transparent paper and             
superimposed on the printed A4 size color fundus 
photo on high quality glossy paper. This was used as 
the reference point during the patient‘s follow up at 12 
months. 
 
Follow up 
At 12 months follow up, fundus photographsof the 
study eye was repeated. The images were cropped 
around the area of interest for analysis and printed 
out. The trace array mfERG at baseline on the OHP 
transparent papers were then superimposed on the 
12 months printed color fundus photo.  
 
Outcome measures 
The mfERG IT was defined as the time from the   
beginning of the wave until the first prominent       
response peak (P1). Abnormal mfERG IT was      
defined as mfERG IT longer than the normal IT of the 
local population normative database.  
 
Each of the retinal points were classified into different 
outcomes which included true positive (TP), false 
positive (FP), true negative (TN), and false negative 
(FN). True positive was defined as retinal points with 
abnormal mfERG IT at baseline and the DR          
progressed. False positive was defined as retinal 
points with abnormal mfERG IT without DR progres-
sion. True negative was defined as retinal points with 
normal mfERG IT and no DR progression and false 
negative was defined as retinal points with normal 
mfERG IT that progressed. The definitions of DR  
progression and no DR progression are illustrated in 
Figure 1 and Figure 2. In order to reduce bias in the 
results, mfERG at baseline were analyzed by the  
primary investigator, and fundus photo at baseline  
and month 12 were analyzed by 2 different medical 
retina experts.  
 
Data analysis 
Retinal points with TP, FP, TN, and FN results were 
summed up. The mean of mfERG intrinsic time     
between TP and FP, TN and FN were analyzed using 
independent T- test. The area under curve (AUC) and 
relative risk (RR) for the development of new or  
worsening DR in the macular region were calculated.  
 
 
RESULTS 
Patients’ characteristics 
A total of 50 eyes from 50 participants were included 
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in this study. The mean age was 59.5 + 8.3 years 
(range 42- 77). There was a slight female                
preponderance with the male to female ratio of 1: 3. 
There was no racial predilection (p= 0.737). The over-
all mean duration of diabetes was 12.1 + 7.0 years 
(range 2- 32 years). The mean HbA1c of all 3 months 
was 8.4 + 1.76 mmol/ml.  
 
Implicit times and development of DR 
The mean number of retinal points with abnormal 
mfERG IT at baseline that had DR progression after 
12 months i.e TP were found to be significantly more 
(31.06 retinal points, p< 0.001, 95% CI 23.20- 29.32) 
compared to mean number of retinal points that did not 
showed progression DR despite an abnormal mfERG 
IT at baseline i.e FP. In addition, the mean number of 
retinal points with normal mfERG IT at baseline that 
did not showe DR progression i.e TN were significantly 
more (21.40 retinal points, p< 0.001, 95% CI 15.52- 
20.68) compared to mean number of retinal points 
which showed DR progression despite a normal 
mfERG IT at baseline i.e FN (3.48 retinal points).    
Implicit times provide good accuracy (p< 0.001, AUC = 
0.89, 95% CI 0.87-0.90) in predicting DR in 12 months. 
(Figure 3) Based on the calculation, mfERG IT at 
38.40ms is a cut off point to predict DR progression. 
Our study also found that retinal points with abnormal 
mfERG IT at baseline were found to be 6 times more 
likely to develop DR in 12 months compared to retinal 
points with normal mfERG IT(RR= 6.23, 95% CI 5.43 –
7.17). The sensitivity and specificity of mfERG IT to 
predict DR progression was 89.9% and 81.7%        
respectively (Table 1).  
 
 
DISCUSSIONS 
 
This study was aimed to see whether abnormal 
mfERG IT within the macular region at baseline are 
predictive of Diabetic Retinopathy progression after 1 
year. This is a large scale study involving 3050 retinal 
points from 50 subjects.

 
 This study demonstrated that 

abnormal mfERG IT may be useful in determining DR 
progression.  
 
Patient characteristics 
The mean duration of diabetes among patients within 
the study is 12.1 + 7.0 years with the shortest duration 

of 2 years and the longest duration of 32 years old. 
This was consistent with other studies that showed 
the estimated onset of detectable retinopathy is  
between 4 to 7 years before the diagnosis type 2 
DM. Duration of DM type 2 has been proven to be a 
strong risk factor for DR progression [6,7,8,9].

 

 
Abnormal mfERG IT and the progression of DR 
This study highlighted that mfERG IT has a strong 
predictive value in predicting the development and 
progression of DR. mfERG IT also has a high     
sensitivity (89.9%) and specificity (81.7%) in       
predicting DR progression. We also found that    
retinal points with abnormal mfERG IT is 6 times 
more at risk of developing new or worsening of DR 
within 1 year. The mfERG IT measurements can be 
used to monitor the progression of DR during the 
early stages of disease and can also evaluate the 
effectiveness of preventative drug therapies that are 
currently being developed [4]. 
 

Interestingly, these results also match those        
observed in an earlier study that demonstrated that 
implicit times rather than the amplitude of mfERG 
was more sensitive in assessing retinal function in 
diabetics than amplitude mfERG [10,11]. Over a 1 
year period, mfERG IT increased in most of the   
retinal areas of eyes with NPDR but remained    
constant in normal subjects and in diabetic patients 
without retinopathy [4]. In contrast, amplitude 
mfERG were not associated with DR and did not 
predict retinopathy.The reason for prolonged implicit 
times prior to the occurrence of diabetic lesions has 
been described by Cao et al.[12]. Prior to visible 
fundus lesion, pericyte apoptosis and basement 
membrane thickening results in the occurrence of 
acellular capillaries indicating early vasculopathy in 
diabetic eyes. Four major theories have been     
proposed to explain how chronic hypoglycemia and 
subsequent retinal hypoxia might lead to these   
anatomic changes: 1) increased formation of      
advanced glycosylation end products; 2) abnormal 
by pass of glucose metabolism through the sorbitol 
pathway; 3) activation of growth factors such as the 
vascular endothelial growth factor; and 4) oxidative 
stress and free radical generation which promotes 
the development of diabetic lesions. These        
compromised local metabolisms affect the functions 

    p 95% CI 

 RELATIVE RISK  6.32   5.41- 7.19 

SENSITIVISITY (%) 89.9   

SPECIFICITY (%) 84.2   

AREA UNDER CURVE (AUC) (%) 
OF ROC CURVE 

0.89 <0.001 0.86- 0.90 

BEST CUT OFF POINT (ms) 38.40     

Table 1: Analysis between implicit times mfERG and progression of diabetic retinopathy 
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Figure 2: 35 degree fundus photograph at baseline (left) and at month 12 (right) showing no DR progression  

Figure 1: 35 degree fundus photograph at baseline (left) and at month 12 (right) showing DR progression  
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of mfERG generators (photoreceptors and bipolar 
cells), leading to delayed neural conduction and   
prolonged mfERG IT, subsequently resulting in an 
abnormal mfERG reading despite normal retinal   
appearance. 
 
Fortune et al has demonstrated that the presence of 
significant delayed local response in mfERG  among 
retinal points without retinopathy is a very early    
indicator of local retinal dysfunction in diabetes [13]. 
It is possible that early local mfERG delays, found in 
the absence of retinal vascular findings are caused 
by early diabetic choroidal lesion. Retinal hypoxia is 
thought to be a major stimulus leading to increased 
expression of vascular endothelial growth factor 
(VEGF) [14]. In turn, increased expression of VEGF 
is likely to be a critical factor in the development of 
even the earliest retinal vascular lesion in diabetic 
retinopathy.   
 
This study also found that mfERG is well suited in 
the study of DR. This is based on the fact that, DR is 
a retinal disorder with localized lesion typically     
confined to the posterior pole, the same site where 
standard mfERG tests local retinal function (across 
35 to 45 degree). Secondly, DR is largely caused by 
defects of retinal capillaries in the inner nuclear layer 
of the retina, where bipolar cells‘ cell bodies, the  
primary generators of the mfERG are located [15].

 

Taken together, these results suggest that the 
mfERG IT could play an important role for monitoring 
local metabolic condition in diabetes. 
 
In conclusion, this study demonstrated that abnormal 
mfERG IT has a good predictive value for DR       
progression. The mfERG provides a very sensitive 
and objective assessment tool for local retinal health 
in diabetes and would benefit in the assessment and 
management of DR in the future. Further future work 
may be performed to show whether mfERG IT could 
also predict the development of DR in eyes without 
retinopathy. Concurrent use of other modalities such 
as the OCT and FFA in the assessment of macular 
area would indeed give a more accurate anatomical 
macular assessment in relation to mfERG.   
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