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ORIGINAL ARTICLE

Clinical outcomes of children with COVID-19 infection in a

low-risk centre in Malaysia

Tan Mei See, MBBS', Nur Amira Zulkifli, MBBS', Teng Wei, MD', Lim Pei Thong, MBBS?

'Paediatric Department, Hospital Kepala Batas, Pulau Pinang, Malaysia, *Clinic Research Unit, Hospital Seberang Jaya, Pulau

Pinang, Malaysia

ABSTRACT

Introduction: According to WHO, long-COVID or post-
COVID-19 condition is defined as the continuation or
development of new symptoms 3 months after the initial
SARS-CoV-2 infection, with these symptoms lasting for at
least 2 months with no other explanation. A systematic
review and meta-analyses published in 2022, which mainly
focus on the Western population, revealed that the
prevalence of long COVID was 25.24%. Literature regarding
long-COVID in children in Asia was scarce. The objectives of
our study were to assess the long-term effect of COVID-19
infection in children and its correlation to their acute COVID-
19 infection.

Materials and Methods: This study was conducted in
Hospital Kepala Batas (HKB), a district hospital in Penang
State, Malaysia, which was the designated regional COVID
hospital during the pandemic. It was a retrospective
observational study, where children who were admitted from
November 2020 to March 2021, and attended follow-up
clinics from Jan 2021 to May 2021, were recruited.

Results: This study comprised 90 subjects, from 3 months
old to 12 years old, mean of 6.5 years old. When comparing
asymptomatic and symptomatic children, children with co-
morbidities were more likely to be symptomatic with a p-
value of 0.045 using the Pearson Chi-square test. All our
patients’ symptoms resolved upon discharge. During follow-
up at 2-4 months after COVID-19 infection, all children were
reported as back to their usual selves. Fifteen patients had
recurrent symptoms. Most of their symptoms pointed
towards an acute infection. One patient had two episodes of
illness, while the rest had one. The most common
symptoms were cough, fever and runny nose. The average
duration of illness of these 16 episodes was 4.5 days with a
standard deviation of 2.48. None of these symptoms lasted
more than seven days. None of them required hospital
admission. None of them had recurrent COVID-19 infections.
Tweleve out of 72 children who had been going to school
stopped physical school after COVID-19 infection. Our
findings differed from other studies. These could be due to
the limitations that we faced.

Conclusion: Most children who contracted COVID-19
infection recovered fully after acute infection, and most of
them recovered fully without long-term sequelae.

KEYWORDS:
Long COVID; post-Covid follow-up; children with COVID;
paediatric COVID

INTRODUCTION

According to World Health Organisation (WHO), long
COVID or post-COVID-19 condition is defined as the
continuation or development of new symptoms 3 months
after the initial SARS-CoV-2 infection, with these symptoms
lasting for at least 2 months with no other explanation.' This
includes ongoing symptomatic COVID-19 (from 4 to 12
weeks) and post-COVID-19 syndrome (12 weeks or more).?
The United Kingdom (UK) Office for National Statistics
estimated that 12.9% of UK children aged 2 to 11, still have
symptoms 5 weeks after their first infection.® A systematic
review and meta-analyses published in 2022, which mainly
focus on the western population, revealed that the prevalence
of long COVID was 25.24%, and the most prevalent clinical
manifestations were mood symptoms (16.50%), fatigue
(9.66%) and sleep disorders (8.42%). There were more than
40 long COVID symptoms in children and adolescents with a
higher risk of persistent dyspnoea, anosmia/ageusia and/or
fever compared to controls.* In a large cohort study which
consisted of 659 286 children, the common symptoms post-
infection were loss of taste or smell, myocarditis and cough.
The incidence of at least one feature was 41.9% (95%
Confidence Interval (CI), 41.4-42.4) among COVID-19
positive children versus 38.2% (95% CI, 38.1-38.4) among
COVID-19 negative children, with an incidence proportion
difference of 3.7% (95% CI, 3.2-4.2).° Literature regarding
long COVID in children in Asia was scarce. We carried out
this study during the country’s Recovery Movement Control
Order (RMCO) phase, where interstate travel was allowed.
During that time, Malaysia was undergoing the attack of
Delta Wave. The objectives of our study were to assess the
long-term effect of COVID-19 infection in children and its
correlation to their acute COVID-19 infection at 4 months of
follow-up.

MATERIALS AND METHODS

This study was conducted in Hospital Kepala Batas (HKB), a
district hospital in Penang State, Malaysia, with 108 beds.
Twenty-eight beds were dedicated to paediatrics. This
hospital was a designated full COVID hospital during the
pandemic. It received patients from the whole Seberang Prai
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area. The study population included all children from age 1-
month-old to 12 years old with positive COVID RT-PCR
(Reverse transcription-polymerase chain reaction), who were
admitted from November 2020 to March 2021 and attended
follow-up clinic, either virtually or physically, from Jan 2021
to May 2021. Patients who did not come and were not
contacted during follow-up were excluded. Although
Malaysia already went into the country’s RMCO, where there
was still mandatory RTK testing and quarantine for those
that were diagnosed with COVID-19 infection, interstate
travel would be allowed, but only a few patients attended
physical clinics. Most patients were followed up virtually by
medical officers who worked in the paediatric department
using hospital phone lines and documented in patients’ case
notes. Phone numbers of interviewees were recorded in
patients’ case notes during admission. Interviewees were the
main caretakers. Most of them were parents to the children.
For virtual clinic follow-up, children’s well-being and the
presence of any symptoms were determined during the
virtual interview. For physical clinic follow-up, history taking
and physical examination were done.

Data collection was by convenience sampling. Samples were
identified via a monthly census of paediatric admissions to
the Paediatric ward. Case notes were traced from the
Electronic Hospital Information System (eHIS) and hospital
record office. Demographic details of the patients, clinical
presentation and follow-up outcomes were collected. The
demographic variables included age, gender and ethnicity.
Clinical presentation included the COVID-19 category,
symptoms at presentation, chest X-ray findings, CT (cycle
threshold)-value of RT-PCR result, co-morbidity,
developmental milestone, transmission method and length
of stay. Developmental milestone assessment was based on
Denver II Scale. COVID-19 category was based on the Clinical
Staging of COVID-19 for children.” Follow-up outcomes of
recurrence symptoms, history of hospitalisation or clinic visit
and attendance to school or childcare centre after discharge
from the hospital and reason for absenteeism if any, were
collected.

Data were entered into Microsoft Excel Sheet. No original
records were photocopied. The data were analysed using the
Statistical Package for the Social Sciences (SPSS) version 25.
Continuous variables were presented as mean and standard
deviation, and categorical variables were presented as
frequency and percentage. Continuous variables were
analysed using simple logistic regression based on one
independent variable regardless of the type of variable, whilst
categorical data were analysed using chi-square or Fischer’s
exact test. A value of p < 0.05 was considered statistically
significant.

RESULTS

Ninety-seven children were admitted for COVID-19 during
the study period. Seven children were excluded because they
did not attend follow-up clinics either physically or virtually.
90 children were recruited, where 42 were in category 1, 39 in
category 2, nine were in category 3 and none was in category
4 or 5. Their ages ranged from 3 months to 12 years old,
mean 6.5 years, standard deviation 3.56 years. Among the
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symptomatic children, 64.6% had only one symptom at
presentation. 16.7% had two symptoms, and the rest had
three or more symptoms. The common symptoms were
coryza (41.7%), fever (33.3%), cough (22.9%), anosmia
(12.5%), sore throat (8.3%), diarrhoea (6.3%), chest
discomfort (2.1%) and others (6.3%). Other symptoms were
vomiting, poor oral intake and gum swelling. 90% of them
had normal chest X-rays. Two children’s RT-PCR was positive
without CT value because the test was not done in our local
health care system and there were no printout results
attached in the case notes. The average CT value for our
samples was 27.49. There were four obese children, three had
bronchial asthma, two had allergic rhinitis and others had
single kidney, epilepsy, congenital rubella and failure to
thrive, respectively. Three children had isolated speech delay.
When comparing asymptomatic and symptomatic children,
as shown in Table I, children with co-morbidities were more
likely to have symptomatic COVID-19 infection with a p
value of 0.045. All our patients’ symptoms resolved upon
discharge.

During follow-up at 2-4 months after COVID-19 infection, all
children were reported as well, active and back to their usual
activities of daily living. Only 15 patients had recurrent
symptoms. Most of their symptoms pointed towards acute
infections. One patient had two episodes of acute infections,
while 13 of them had one episode. One child complained of
lethargy and dizziness for 2 days without evidence of
infection. Eleven out of these 16 episodes of illness were
presented by more than one symptom. The most common
symptoms were cough (n = 12), fever (n = 9) and runny nose
(n = 8). Other symptoms were vomiting, diarrhoea, sore
throat, chest discomfort, lethargy and dizziness. Among these
16 episodes of illness, 12 visited the clinic, two visited the
hospital casualty department, and two episodes did not need
a clinic or hospital visit. Three of these episodes required
salbutamol nebulisation, six were prescribed antibiotics. The
average duration of illness is 4.5 days with a standard
deviation of 2.48. None of these children developed new
chronic symptoms after acute COVID-19 infection. None of
them required hospital admission. None of them have
recurrent COVID-19 infections. Among these 15 children, two
had underlying bronchial asthma and allergic rhinitis and
one had bronchial asthma prior to COVID-19 infections.
When compared to the rest of the sample, the association
between co-morbid and recurrent infection was not
statistically significant, with a p-value of 0.121. The relation
between co-morbidity and long COVID was not demonstrated
in this study.

Before the pandemic, 80% of the children in our study were
attending school or childcare centres, while the other 20% of
them did not. Out of these 72 children, 12 of them stopped
going to school and childcare after being infected with
COVID-19, ranging from two days to two months. Six of them
did not go to school for one week. Two did not state the
duration. One did not go to school after the diagnosis of
COVID-19 until the time of follow-up. Among the 12 of them
who did not go to school, eight of them were due to recurrent
symptoms, two were worried about getting reinfection, one
said that would like to rest at home and one did not state the
reason.
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Table I: Comparison in demographic and clinical presentation between children with asymptomatic and symptomatic COVID-19
infection in Hospital Kepala Batas

Variables Asymptomatic Symptomatic Crude OR (95% CI) p value
n=42 n =48
n (%) n (%)

Patients’ demographics

Age, yearsa 6.3 (3.41) 6.7 (3.72) 1.03 (0.92,1.16) 0.599°
<1 4 (66.70) 2 (33.30) 0.555¢
1-5 13 (43.30) 17 (56.70)

6-13 25 (46.30) 29 (53.70)

Gender
Male 21 (48.80) 22 (51.20) 0.693¢
Female 21 (44.70) 26 (55.30)

Ethnicity
Malays 39 (48.10) 42 (51.90) 0.504¢
Chinese 2 (50.00) 2 (50.00)

Indian 1 (20.00) 4 (80.00)

Clinical presentation:

CT-value of RT-PCR resulta 27.4 (6.93) 27.6 (5.77) 1.01 (0.94,1.08) 0.853°
Low CT value (<30) 25 (45.50) 30 (54.50) 0.783¢
High CT value (30-40) 16 (48.50) 17 (51.50)

Missing data 1 1

Comorbid
Have Comorbid 3 (20.00) 12 (80.00) 0.045¢
No Comorbid 39 (52.00) 36 (48.00)

Obesity 0 (0.00) 4 (100.00) 0.120¢
No obesity 42 (48.80) 44 (51.20)
Asthma 1(33.30) 2 (66.70) 1.000¢
No asthma 41 (47.10) 46 (52.90)
Normal development 41 (47.10) 46 (52.90) 1.000¢
Speech Delay 1(33.30) 2 (66.70)

Transmission method
Close contact with family member 41 (46.60) 47 (53.40) 0.718
Contact with family friends 1 (100.00) 0 (0.00)

Contact with teacher 0 (0.00) 1 (100.00)

CT - cycle threshold

Note: *Data presented are mean (standard deviation), "Simple Logistic Regression; cFisher’s exact test; ‘Pearson Chi-square test; OR=0dds Ratio; 95% Cl =

95% confidence interval

Table II: Comparison in follow-up outcome between children with asymptomatic and symptomatic COVID-19 infection in
Hospital Kepala Batas

Follow-up outcome Asymptomatic Symptomatic p value
n=42 n =48
Recurrent symptoms 8 (19.00) 7 (14.60) 0.571°
No recurrent symptoms 34 (81.00) 41 (85.40)
Recurrent healthcare services visit 8 (19.00) 6 (12.50) 0.393
No recurrent healthcare services visit 34 (81.00) 42 (87.50)
Absence from school after COVID-19 infection 5(11.90) 7 (14.60) 0.684*
Continue schooling after COVID-19 infection 27 (64.30) 33 (68.80)

Note: *Pearson Chi-square test

As shown in Table II, there was no significant association
between the COVID-19 severity in terms of risk of recurrent
infection, health care facilities visits and school absentees.

DISCUSSION

During the time of the study, all children infected with
COVID-19 needed to be admitted for isolation and
observation. All our subjects were in category three or less
because our centre was a low-risk centre. Nevertheless, none
of these children deteriorated or needed step-up care.
Furthermore, severe COVID-19 (category four and five) was
less common in children.
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To date, there are at least two long-term consequences that
can occur following COVID-19 infection in children, namely
multisystem inflammatory syndrome (MIS-C) and long
COVID. Using the case definition released by the Centers for
Disease Control and Prevention (CDC) in May 2020, the
incidence of MIS-C the United State was estimated to be 5.1
cases per million person-months or 316 cases per million
SARS-CoV-2 infections among persons aged <21 years.®* None
of our children developed MIS-C during the follow-up period.
Contrary to the systematic review and meta-analysis
published?, as well as a recent paper published in Annals
Academy of Medicine Singapore showing one in six children
and younger persons in Singapore developed long COVID
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with persistence of one or more symptoms after three months
post-infection where persistent cough (7.4%), nasal
congestion (7.6%) and fatigue (3.0%) were common
symptoms’, our study did not show any long COVID in our
children. Despite having recurrent infections, none of them
reported having chronic dry cough (7%), shortness of breath
(6%), fatigue (4%) or headache (3%), as coded by another
cohort study.”

During the study period, children attended school virtually
and back to physical school in stages as instructed by the
Malaysian Ministry of Education. The results of our study did
show that the impact of COVID-19 on school attendance
should not be underestimated.

Our findings differed from other studies. These could be due
to the limitations that we faced. Firstly, our study was
conducted among the local community who were admitted to
our hospital, which was a low risk hospital, and the data was
collected in a short duration. This might not represent the
whole Malaysian population. Secondly, this study was
conducted in the middle of the pandemic, which might not
represent the whole clinical outcome of the changing variant
of coronavirus. Thirdly, as per our general knowledge,
recurrent infections were common in children. This study did
not compare recurrent infection with children with other viral
infections because during the study period, only children with
COVID-19 infection were admitted to this hospital. And
finally, the patient’s symptoms were reported by parents,
which carried the risk of recall biases and underreporting.
Not all children attended the follow-up clinic physically.

CONCLUSION

In summary, most children who contracted COVID-19
infection recovered fully after acute infection, and most of
them did not have long-term sequelae.
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ABSTRACT

Introduction: Allergic rhinitis (AR) is an inflammatory
disease of the nasal mucosa. It is among the most common
diseases globally and usually persists throughout life.
Allergic Rhinitis and Its Impact on Asthma (ARIA) is a well-
established guideline applicable to AR and was updated
regularly since 2001, aiming to improve the care for AR
patients. We proposed a new questionnaire that addresses
the severity of allergic rhinitis symptoms, specifically nasal
symptoms, and its impact on quality of life in terms of
specific vital activities such as sleeping, working, school
performance, leisure, or sport, based on the ARIA guideline.
The objective was to develop, validate and evaluate Allergic
Rhinitis Symptoms and Impact Assessment (ARSIA)
questionnaire among allergic rhinitis patients in Hospital
Sultan Abdul Halim, Sungai Petani (HSAH), and Hospital
Universiti Sains Malaysia (HUSM).

Materials and Methods: This is a prospective observational
study to develop, validate and evaluate the ARSIA
qguestionnaire based on ARIA guidelines. The sample will be
obtained from the list of patients under follow-up in the ORL
clinic HSAH and HUSM with ages of 18 to 60 years, patients
clinically diagnosed with allergic rhinitis, and with positive
skin prick test.

Results: A total of 150 patients with a positive skin prick test
participated in this study. In the ‘nasal symptom’ and ‘impact
on daily activities’ domains, calculated Cronbach’s alpha
shows avalue of 0.878 and 0.811 respectively. The inter-item
correlation was calculated to analyse internal consistency
reliability. Iltems B3 and B4 were dropped from the
qguestionnaire as both showed a low correlation with other
items. New Cronbach’s alpha for the daily activities domain
was 0.830, which showed better internal consistency
reliability.

All of the items were analysed for sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV). Clinician diagnosis from the proforma was
used as a comparison to the participant’s responses. In the
analysis, a cut-off points of 12 was used to classify the
patient’'s nasal symptoms into intermittent or persistent,
with a sensitivity of 75%, specificity of 86%, PPV of 95%, and
NPV of 51%. Whereas, a cut-off point of 15 was used to

classify the rhinitis impact on daily activities into mild or
moderate/severe, with a sensitivity of 58%, specificity of
100%, PPV of 100%, and NPV of 42%.

The only item in the ‘control’ domain has been dropped out
following a consensus of experts and judgement as it has
not been used in the clinician diagnosis and thus, is unable
to test for sensitivity, specificity, PPV, and NPV.

Conclusion: This newly developed, validated, and evaluated
questionnaire is a good tool for the evaluation of allergic
rhinitis symptoms and their impact on daily activities. It is
important to understand that AR symptoms could have a
significant impact on daily activities. Although further study
and testing are needed, it provides an initial means for
evaluating the patient condition and control level, as well as
patients’ perception of their rhinitis control.

KEYWORDS:
Allergic rhinitis; questionnaire; hypersensitivity; immunoglobulin E

INTRODUCTION

Allergic rhinitis (AR) is an inflammatory disease of the nasal
mucosa, highly prevalent with rates of up to 50% in some
populations.”” It is among the most common diseases
globally and usually persists throughout life.! The prevalence
of self-reported AR has been estimated to be approximately 2
to 25% in children and 1% to greater than 40% in adults.**
AR is a systemic disease affecting not only nasal function but
general well-being as well. As a chronic condition, AR puts a
considerable economic burden on sufferers.

Exposure of allergic patients to the allergen will result in
increased immunoglobulin E (IgE) and induce IgE-mediated
response. It can be manifested clinically as nasal congestion,
rhinorrhoea, postnasal drainage, nasal itching, and
sneezing.** Ocular symptoms are also frequent; allergic
rhinoconjunctivitis is associated with itching and redness of
the eyes and tearing. Other symptoms include itching of the
palate, postnasal drip, and cough.

AR is frequently associated with asthma. There are about 15
to 38% of patients with asthma with AR, and rhinitis
symptoms are present in 6 to 85% of patients with asthma.6-
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8 AR also is a risk factor for asthma, and thus uncontrolled
AR affects asthma control.*’

AR might not appear to be serious as it does not associate
with severe morbidity and mortality. Appropriate treatment
will improve its symptoms, and thus the quality of life, and
work and school performance.

The number of patients affected by allergies is increasing
worldwide. The resulting allergic diseases lead to significant
health care and social systems costs. Integrated care is needed
for comprehensive care that later will lead to a better quality
of life. Allergic Rhinitis and Its Impact on Asthma (ARIA) is a
well-established guideline applicable to AR and was updated
regularly since 2001, aiming to improve the care for AR
patients. ARIA classifies the severity of AR into ‘mild’ or
‘moderate/severe’ based on the symptoms asked." Despite the
multiple treatment options mentioned by the guideline, AR is
still treated sub-optimally. The most commonly used
medications are oral antihistamines, which are not the most
effective medication for moderate-severe AR symptoms.'*?
This will lead to undertreated AR sufferers despite the high
dependence on medication.”"

Based on the ARIA guideline, we proposed a new
questionnaire that specifically addresses the severity of
allergic rhinitis symptoms and its impact on quality of life in
terms of specific vital activities such as sleeping, working,
school performance, leisure, or sport.

MATERIALS AND METHODS
There were two phases involved in this study. The first phase
was the development of the questionnaire, followed by the
second phase, which was the validation and reliability of the
questionnaire. The data was measured for sensitivity,
specificity, (PPV), and (NPV).

Phase 1: Development of Allergic Rhinitis Symptoms and Impact
Assessment (ARSIA) questionnaire

This phase involved the development of a new questionnaire
on allergic rhinitis symptoms and impact assessment based
on ARIA guidelines. Few literatures were reviewed and
analysed including ARIA.*" Consultation from experts
(consisting of three otorhinolaryngologists, one family
medicine specialist, and one community medicine specialist)
was also taken to develop this ARSIA questionnaire draft. The
concepts identified in the literature review were used in the
selection of items and the formation of the relevant
questionnaire sections.

This newly drafted questionnaire was divided into two parts —
the first part is demographics which include age, gender,
ethnicity, occupation, educational level, marital status,
smoking, allergic status, and current medication. The second
part had three domains which consist of of 15 items. The
domains include nasal symptoms (five items), impact on
daily activities (nine items), and symptoms control (one item,
refer to appendix).

In the nasal symptom domain, the 4-point Likert scale
response was used for each item. It is further divided into two
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columns to separate symptoms within 4 weeks and within 6
months duration. In the column of symptoms in the last 4
weeks, responses are assigned to a score of O for ‘never’, 1 for
‘1-4 times per week’, 2 for ‘5-6 times per week’, and 3 for ‘7
days per week’, while in the column of symptoms in the last
6 months, it is assigned a score as O for ‘1-4 consecutive
weeks’, 1 for ‘5-8 consecutive weeks’, 2 for ‘9-12 consecutive
weeks’, and 3 for ‘more than 12 consecutive weeks’.

The impact on daily activities domain used the 5-point Likert
scale response to each item, and the response was assigned to
a score of 1 for ‘Never’, 2 for ‘Rarely’, 3 for ‘Sometimes’, 4 for
‘Often’, and 5 for ‘Extremely often’.

While the control domain used the 5-point Likert scale
response to this item, the response was assigned a score of 1
for ‘Never’, 2 for ‘Rarely’, 3 for ‘Sometimes’, 4 for ‘Most of the
time’, and 5 for ‘Always’.

Phase 2: Validity and reliability of the ARSIA questionnaire
In the second phase, the ARSIA questionnaire was validated
based on content, face, and construct validity.

Content Validation

Content validity assessed the relevance and representability
of each item to a specific domain of the panel of experts.
Setting up content validity is important for evaluating a
questionnaire and should be the priority in developing an
instrument. Content validity provides information on the
representativeness and clarity of items and provides
preliminary evidence on the construct validity. It helps
improve an instrument through recommendations from
experts.”

There are a few methods that can be used to assess the
content validity of a questionnaire. The content validity
index (CVI) is the most widely used method. There are two
kinds of CVI; item-level CVI (I-CVI) and scale-level CVI (S-
CvI).®

In this study, we invited five experts who pretested the
questionnaire to evaluate for potential problems when used
by respondents. Each expert independently rated the
relevance of each item for each domain of the questionnaire
to the conceptual framework using a 4-point Likert scale (1 =
not relevant, 2 = somewhat relevant, 3 = relevant, 4 = very
relevant). A CVI of at least 0.80 is considered adequate for
accepting an item as valid."® Another parameter was the
Scale-level CVI of averaging calculation method (S-CVI/Ave).
S-CVI/Ave is calculated by taking the sum of the I-CVIs
divided by the total number of items, and the value must be
0.90 and above to be considered acceptable content validity."”

Face Validation

Then, the face validity of the ARSIA questionnaire was
conducted on ten respondents in the ORL clinic at Sultan
Abdul Halim Hospital in printed form. Face validity is used to
assess the comprehensibility and clarity of each item. Ten
respondents were involved in the assessment. Instrument
review by a sample of subjects that represents the target
population is another important component of instrument
development. The face validity index (FVI) is quantified as
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Table I: Content validation for the ARSIA questionnaire

Expert 1

Expert 2

Expert 3 Expert 4 Expert 5 I-CVI

Nasal symptom domain
Q1
Q2
Q3
Q4
Q5
Impact on daily activities domain
Q1
Q2
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Q4
Q5
Q6
Q7
Q8
Q9
Control domain
Q10
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Table II: Face validation for the ARSIA questionnaire
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the thought processes of target users of an instrument.”* In
this study, we used the method to calculate the FVI based on
the recommendation by Yusoff M 2019.” The items were
rated based on a Likert scale ranging from 1 (not clear or not
comprehensible) to 4 (very clear or very comprehensible). The
item-face validity index (I-FVI) and scale-face validity index
(S-FVI/Ave) were calculated. I-FVI is calculated as the number
of respondents giving a rating of 3 to 4 for each item divided
by the total number of respondents, and S-FVI/Ave is
calculated based on the sum of the I-FVIs divided by the total
number of respondents. The recommended FVI for ten
respondents is at least 0.83.%

Psychometric Validation Study

For construct validity, a total of hundred and fifty patients
who fulfilled the inclusion and exclusion criteria participated
in this study. Cronbach’s alpha was used to measure this
questionnaire's construct validity and internal consistency.
Each domain in the questionnaire is unidimensional.
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Criterion validity was also conducted simultaneously with
the construct validity. ORL specialist or attendant doctor did
an assessment based on ARIA classification using clinical
proforma.

After the validity was completed, the questionnaires were
analysed to assess their sensitivity, specificity, PPV, and NPV.
The internal consistency reliability, a Cronbach’s alpha
coefficient >0.70 is considered acceptable.?

The study was a cross-sectional study. It was conducted
amongst patients who fulfilled inclusion and exclusion
criteria, attending the Otorhinolaryngology Clinic Hospital
Sultan Abdul Halim (HSAH) and Hospital Universiti Sains
Malaysia (HUSM), from January 1, 2021, until December 31,
2021. The sample size was determined using a 2-Parameter
Logic Item Response Theory (2-PL IRT) analysis. The required
sample size for 2-PL IRT was by taking a ratio of 10:1 to each
item, and it showed 150 participants were required.
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Table lll: Socio-demographics data of the participants

Variables Mean (SD) N (%)
Age 35.23 (12.34)

<21 Range = 18-60 23(15.3)

21-30 35(23.3)

31-40 43(28.7)

41-50 27(18.0)

51-60 22(14.7)
Gender

Male 50(33.3)

Female 100(66.7)
Ethnic

Malay 127(84.7)

Chinese 3(2.0)

Indian 16(10.7)

Others 1(0.7)

Missing 3(2.0)
Occupation

Non-professional 81(54.0)

Professional 69(46.0)
Education level

Primary 5(3.3)

Secondary 72(48.0)

Tertiary 73(48.7)
Marital status

Unmarried 51(34.0)

Married 99(66.0)
Smoking

Yes 15(10.0)

Passive 6(4.0)

No 129(86.0)

Table IV: Sensitivity, specificity, PPV, and NPV for the ‘nasal symptoms’ domain

Cut-off point used Sensitivity Specificity PPV NPV
9 and less 61 94 97 42
10 and less 68 91 96 47
11 and less 74 89 96 49
12 and less 75 86 95 51

Table V: Sensitivity, specificity, PPV, and NPV for the ‘impact on daily activities’ domain

Cut-off point Sensitivity Specificity PPV NPV
10 16 100 100 26
11 23 100 100 28
12 28 100 100 30
13 34 100 100 32
14 40 100 100 33
15 58 100 100 42

The purposive sampling method was used for recruitment.
Participants ranged from 18 years of age to 60 years of age,
clinically diagnosed with allergic rhinitis, with a positive skin
prick test. Exclusion criteria included a patient who has nasal
polyposis or confirmed mucociliary disease, a patient with a
nasal anatomical abnormality, and a patient with mental
retardation, neuromuscular diseases, cardiovascular diseases,
or psychological problems.

The questionnaire was hand-delivered to the patients who
were willing to participate and hand-collected once they had
completed the questionnaire. ORL specialists or doctors who
attended the participant were required to fill up the proforma
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based on clinical assessment, and they will be blinded to the
questionnaire scoring by the patient prior to the assessment.

Data Analysis (sensitivity, specificity, (PPV), and (NPV))

Data entry and statistical analysis were performed using
Statistical Package for Social Sciences (SPSS) version 26.0. The
data entered were then checked for outliers and missing
values. Descriptive statistics were employed to summarise the
socio-demographic characteristics of subjects. The findings
were presented based on the types and distribution of the
data. Categorical data were presented as frequencies and
percentages, while numerical data were presented as means
and standard deviations (if normally distributed), or as
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medians and interquartile ranges
distributed).

(if not normally

Specificity, sensitivity, PPV, and NPV of the questionnaire
were calculated and tabulated. The sensitivity of a test helps
rule out a disease when the test is negative, whereas a
specificity of a test will rule out a disease when the test is
positive. PPV and NPV are directly related to prevalence. PPV
is the probability that a positive test will truly have that
specific disease. While NPV is the probability of a negative
test which will truly not have that specific disease.” The
ARSIA questionnaire reliability was measured through
internal consistency, inter-item correlation, and Cronbach'’s
alpha coefficient. The questionnaire items were considered a
good internal consistency if the total Cronbach’s alpha value
was more than 0.7.*

Ethical Considerations

Ethical approval was obtained from the Medical Research &
Ethics Committee (MREC) of the Ministry of Health, Malaysia
via the National Medical Research Register (NMRR), and the
Human Research Ethics Committee of USM (JEPeM). Verbal
consent was obtained from each participant prior to
conducting this study.

RESULTS

Content Validity

The I-CVI relevancy for the nasal symptom domain ranges
from 0.9 to 1, while for the impact on daily activities domain
ranges from 0.8 to 1, and the control domain is 1 (Table I).
The S-CVI/Ave is 0.97. In all of the domains (nasal
symptoms, impact on daily activities, and control), the I-CVI
is 20.8. Thus, 5 items in the nasal symptom domain, 9 items
in the impact on daily activities domain, and 1 item in the
control domain were kept. Modifications were made to a few
items based on the suggestions of the experts. The final
ARSIA questionnaire consists of 15 items.

Face Validity

The I-FVI for the nasal symptom domain ranges from 0.9 to
1, while for the impact on daily activities domain ranges
from 0.8 to 1.0, and the control domain is 1 (Table II). All
items were valid with I-FVI ranging from 0.80 to 1.00, S-
FVI/Ave of 0.93 indicates the questionnaire was found to be
very clear and easy to answer, and indicated the appearance
and layout would be acceptable to the intended target group.

Psychometric Analysis
A total of 150 patients participated in this study consisting of
50 men and 100 women, with ages ranging from 18 to 60
years. The mean age was 35.2. The majority of them were
Malays 127 (84.7%) (Table III). Three participants were
missing ethnic data.

The participants' allergic status was asked, including food,
dust, animal or insect, climate changes, smoke, and drugs.
Among the participants, a majority of them had food and
dust allergies and were on antihistamines with intranasal
steroids. Every participant had a skin prick test evaluation at
least once in their life.
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Validity and Reliability of the Questionnaire

1- ‘Nasal symptoms’ domain

In the nasal symptom domain, there were five items (items
A1-AS, refer to appendix), further divided into two columns
to separate symptoms within 4 weeks and 6 months duration.
The internal consistency reliability, a Cronbach’s alpha
coefficient >0.70 is considered acceptable.22 Cronbach’s
alpha was calculated from these ten items (five items with
two columns each), showing a value of 0.878. All of the items
were kept and further analysed for sensitivity, specificity,
PPV, and NPV. Clinician diagnosis from the proforma was
used as a comparison to the participants’ responses.

In the analysis, a cut point of 12 was used to classify the
patient’s nasal symptoms into intermittent or persistent, with
a sensitivity of 75%, specificity of 86%, PPV of 95%, and NPV
of 51%. A score of 12 or less will turn into the intermittent
group, whereas more than 12 is the persistent group (Table
V).

2- ‘Impact on daily activities’ domain

The impact on daily activities domain has nine items (items
B1-B9) (refer to appendix). The internal consistency
reliability, a Cronbach’s alpha coefficient >0.70 is considered
acceptable.”? Cronbach’s alpha of 0.811 was achieved,
showing that all the items were good. The inter-item
correlation was calculated to analyse internal consistency
reliability. Item B3 (Due to your allergic rhinitis impact on
you in the last 4 weeks, do you need to increase the use (dose
or frequency) of your medicines?) and B4 (Due to your
allergic rhinitis impact on you in the last 4 weeks, do you
avoid any activities (for example, gardening, visiting a house
with a dog or cat)?) showed a low correlation with other
items. The ideal range of average inter-item correlation is
0.15 to 0.50.* Thus, items B3 and B4 were dropped from the
questionnaire. New Cronbach’s alpha was 0.830, which
showed better internal consistency reliability after the items
were dropped.

All of the remaining items were further analysed for
sensitivity, specificity, positive PPV, and NPV. Clinician
diagnosis from the proforma was used as a comparison to the
participants’ responses.

In the analysis, a cut point of 15 was used to classify the
rhinitis impact on daily activities into mild or
moderate/severe, with a sensitivity of 58%, specificity of
100%, PPV of 100%, and NPV of 42%. A score of 15 or less is
considered mild, whereas more than 15 is considered
moderate/severe (Table V).

3- ‘Control’ domain

The only item in this domain, C1 (due to your allergic rhinitis
impact on you in the last 4 weeks, do you feel your allergy is
controlled?) has been dropped out following a consensus of
experts and judgment as it has not been used in the clinician
diagnosis and thus, unable to test for sensitivity, specificity,
PPV, and NPV.

Assessment of the Validated Items

For the impact on the daily activity domain, seven of nine
items showed good inter-item correlation. However, two items
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(B3 and B4) showed poor correlation with other items (less
than 0.15) and thus have been dropped out.

In the control domain, the only item, that was C1, has been
dropped out as it was not included in the physician’s
diagnosis in the proforma.

DISCUSSION

AR and nonallergic rhinitis (NAR) are considered one of the
major global health concerns with increasing prevalence
worldwide. AR is when the nasal symptoms are triggered by
an allergen, whereas NAR is when nasal symptoms occur in
relation to nonallergic, non-infectious triggers such as
changes in weather, exposure to smoke or odours, hormonal
related, or some drugs.*

The main factors highlighted in the Allergic Rhinitis and its
Impact on Asthma (ARIA) guideline include nasal symptoms
and their impact on daily activities. It is used in classifying
a patient’s condition into ‘intermittent’ or ‘persistent’, and
‘mild’ or ‘moderate/severe’. In the ARIA guidelines,
intermittent symptoms are described as symptoms in less
than 4 days per week or less than 4 consecutive weeks,
whereas persistent symptoms are defined as nasal symptoms
more than 4 days per week and more than 4 consecutive
weeks. A patient with symptoms not affecting their daily
activities is considered mild, whereas symptoms affecting
their daily activities are considered moderate to severe AR.

The ARIA classification acknowledged the impact of a disease
that was often qualified as trivial. The ARIA ‘mild’ and
‘moderate/severe’ classification has strengths and
weaknesses. It is very simple to administer since it is based on
yes or no answers. The ARIA duration and severity
classifications have been implemented in several countries
and patient populations. Cohort studies of adults and
paediatric AR patients in Spain found that symptoms,
Rhinitis Quality of Life Questionnaire, and visual analogue
scale scores were significantly higher in ‘moderate/severe’
than in ‘mild’ AR.”* The level of awareness and application
of the ARIA severity classification is less. A study by Demoli
et. al found that only about 54% of physicians were aware of
the ARIA classification.”

The knowledge of ARIA classification by primary care
practitioners did not influence the use of Hl-antihistamine
and/or intranasal steroid as a function of the patient’s
disease severity.” Researchers also found that ARIA severity
did not significantly influence medication prescription.®

Patient education, allergen avoidance, and
pharmacotherapy are required for the optimal treatment of
AR patients.” Allergen immunotherapy is another option for
treatment for certain patients. Skin prick test is the gold
standard for allergy testing. Patients with uncertain allergy
histories might benefit from this test for their allergen
avoidance. The main goal for AR is to achieve good control
and to reduce its impact on daily activities, work or school
performance, sport or leisure, and sleep. A reliable AR control
assessment tool is important and needed to evaluate this AR
symptom. For pharmacotherapy in AR control, the patient
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should be prescribed an antihistamine and/or intranasal
steroid spray. Patients with uncontrolled AR symptoms
should be considered for increased medication dosage or
additional other AR treatment. While for controlled AR,
stepping-down treatment is recommended to identify the
minimum medication needed to maintain control.”> Most AR
patients could get their symptoms controlled after a standard
treatment as proposed by ARIA.

The ARIA guidelines state that treatment should be tailored
to the severity of the disease, comorbidities, treatment
availability, affordability, and patient preference. Thus,
methods for measuring the disease severity and its control
must be uniform, reproducible, quick, and easy to perform in
routine practice.*® Focus should be on the disease’s impact on
daily activities.

Few AR control tools have been validated including RCAT,
CARAT, and ARCT, to assess the AR control levels. Recent
ARCT has been validated in step-up and step-down
medication strategies. They found that the AR control rate
was similar in the ARCT group and the control group,
whereas less medication use, and medical cost were found in
the ARCT group.™

This study is aimed to develop, validate, and evaluate a tool
to simultaneously assess AR symptoms and their impact on
daily activities, based on ARIA guidelines.

Participants are required to answer demographic, allergy
status and current medication in part 1 of the ARSIA
questionnaire. In part 2(a) of the ARSIA questionnaire,
participants are required to answer both in the 4 weeks and 6
months column, and the score will be summed up. Based on
reliability statistics Cronbach alpha, sensitivity, specificity,
PPV, and NPV compared to the physician diagnoses, showed
all these items were good. In part 2(b), the impact on daily
activities such as irritability, sleep disturbance, leisure, sport,
school or work performance, troublesome symptoms, and
relationship with a spouse were assessed.

We found that the ARSIA questionnaire has good internal
consistency and internal validity.

We also observed a good correlation in terms of sensitivity,
specificity, PPV, and NPV, compared to physician diagnoses
that were made clinically based on ARIA guidelines.

These two parts of the questionnaire will give a score each
and a comparison during each follow-up visit could be made.
Reducing the total score indicates improvement in the nasal
symptoms and their impact on daily activities, whereas
increasing the score indicates worsening symptoms.

Further studies with larger datasets and involving multicentre
are needed to establish the cut values for the ARSIA
questionnaire. However, the existing data seems to suggest a
score of ‘12 or less’ for the symptoms indicates intermittent,
‘more than 12’ indicates persistent, ‘15 or less’ for the impact
on daily activities indicated mild, and ‘more than 15’
indicates moderate/severe.
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In summary, this study showed that the ARSIA questionnaire
has good internal consistency and internal validity, with
good sensitivity, specificity, (PPV), and (NPV). Therefore, the
ARSIA questionnaire can be used to rapidly screen for
patients having rhinitis symptom control problems. It also
can help patients in communicating with doctors about
problems with their nasal disease. This patient assessed
ARSIA questionnaire can complement the physician’s
assessment, and in addition, it should also perform well as a
standalone measure of the patient’s perception of their
symptom control.

CONCLUSION

This newly developed, validated, and evaluated
questionnaire is a good tool for the evaluation of allergic
rhinitis symptoms and their impact on daily activities. It is
important to understand that AR symptoms could have a
significant impact on daily activities. Although further study
and testing are needed, it provides an initial means for
evaluating the patient’s condition and control level, as well
as patients’ perception of their rhinitis control.
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ABSTRACT

Introduction: There are two data acquisition methods for
computed tomography (CT) scans, namely sequence and
helical. Each of them has two ways of measuring the volume
of bleeding in a head CT scan, namely by manual and
automatic methods. So, it is necessary to have an analysis
for measurement accuracy with these two methods in two
data acquisitions. The purpose of this study was to compare
and evaluate bleeding volumetric measurement accuracy of
sequence and helical on head CT acquisition using manual
and automatic methods.

Materials and Methods: This is quantitative research with a
true experimental approach. Actual bleeding volume was
simulated by an acrylic phantom containing lodine contrast
media (5 ml, 10 ml, 15 ml, and 20 ml). The phantom was
scanned using routine CT protocol using the helical and
sequence technique. Bleeding volume from each technique
was measured manually using the Broderick formula and
automatic software (ROI based). Accuracy was assessed by
comparing the volume measurement result to the actual
bleeding volume. Data was analysed using the Friedman test
and by Wilcoxon.

Results: The standard deviation of measured bleeding
volume from the manual and automatic measurements
compared to the actual bleeding volume were (0.220; 0.236;
0.351; 0.057) and (0.139; 0.270; 0.315; 0.329) in helical
technique, and (0.333; 0.376; 0.447; 0.476) and (0.139; 0.242;
0.288; 0,376) in sequence technique. There are differences in
the measurement results from the helical and sequence
techniques (p <0.05) and using manual and automatic
methods (p <0.05).

Conclusion: The measurement of bleeding volume that has
a standard deviation value compared to the actual volume is
more accurate in the helical technique using the automatic
method, while the sequence technique is the manual
method.

KEYWORDS:
Bleeding volumetric measurement; head CT; helical; sequence

INTRODUCTION

Computed tomography (CT) scan is a fast and accurate
imaging modality in diagnosing abnormalities in the head or
brain.! It is very useful for emergency cases and the gold
standard for brain injury and trauma brain injury (TBI)
evaluation.? CT is the first-line modality of choice for
evaluating the brain and the most often performed CT
examination in many hospitals nowadays. CT scan is the
first and foremost modality in the investigation of head
trauma patients.? In some cases of suspected paediatric non-
accidental trauma, skull radiographs are still performed as
part of a skeletal survey in addition to CT, however this does
not supplant the need for CT when TBI is clinically suspected.
Although radiographs may help differentiate accessory
sutures from fractures, this too may become obsolete as three-
dimensional skull reformats are increasingly available in
clinical practice.*

CT scans of the brain can be performed using either sequence
or helical CT scanning techniques. In sequence scanning, the
CT table moves through the rotating gantry, which images
thin slices of the brain. Because the table advances only after
each slice is scanned, this technique is time-consuming prone
to potential misregistration and motion artifacts and has
limited availability of the overlapping images used for
postprocessing. In helical scanning, the CT table moves
through the gantry at a constant speed as scanning occurs,
resulting in faster scan times, continuous data acquisition,
and continuous radiation.® This technique reduces the scan
time, and with breath-hold technique can reduce the motion
artifacts. Data acquisition in the helical technique is
continuous, which results in an improvement in the post-
processing of MPR and VRT reconstructions. It is not clearly
stated that the helical CT produces such good-quality images
to replace those of conventional CT. For example, studies
have revealed that the axial technique yields better image
quality, especially in structures with low contrast differences
yet another study has shown that the two techniques
attribute similar image quality. In addition, there are studies
suggesting that the helical technique has a lower dose
whereas others show the exact opposite.®

Bleeding in the brain due to trauma or stroke is one thing
that requires evaluation to measure its volume. Intracranial
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haemorrhage (ICH) that causes mass effect usually needs
urgent neurosurgical evacuation. It is divided into five
subtypes including intraventricular haemorrhage (IVH),
intraparenchymal haemorrhage (IPH), subarachnoid
haemorrhage (SAH), epidural haemorrhage (EDH), and
subdural haemorrhage (SDH). The decision for surgical
intervention for craniotomy is dependent on the injury type
and the patient’s neurologic exam. Only three potential
subtypes of ICH that may necessitate surgical interventions:
intraparenchymal  haemorrhage (IPH), subdural
haemorrhage (SDH), and epidural haemorrhage (EDH).?
Head bleeding can occur in several places such as ICH, SAH,
EDH and SDH. The location and volume of the bleeding can
determine the mortality rate. So, accuracy in measuring
bleeding volume with an easy and accurate method is
important.”

Measurement of bleeding volume can use two methods,
namely manual and automatic. Manually using the
Broderick method and automatically using analyse software,
the region of interest (ROI) was segmented from surrounding
regions automatically by setting up threshold levels.® The
Broderick method is performed by multiplying the bleeding
diameter to the total length of the slice thickness. The
automatic method calculates the volume by identifying the
HU values in the bleeding area with volume evaluation
software. The aim of this study was to compare and evaluate
the bleeding volume measurement of sequence CT and
helical CT of the brain using automatic and manual methods
with standardised phantom.

MATERIALS AND METHODS

Study Design and Data Collection

This study was conducted in Roemani Muhammadiyah
Hospital. This is an experimental study that analyses of
actual bleeding volume simulated by an acrylic phantom
with four tube sizes (diameter= 2 cm) containing iodine
contrast media. Actual bleeding volume was simulated by an
acrylic phantom as shown in Fig 1 with four tube sizes
(diameter= 2 cm) containing iodine contrast media. The tube
volume is 5 ml, 10 ml, 15 ml, and 20 ml respectively. The
whole size of the phantom is 20 cm in diameter and 11 cm in
thickness corresponds to the size of the average adult human
head.

Preliminary Scanning
Preliminary scanning is performed to figure out the best filter.
Filter H70s was chosen to get the best image contrast.

Radiological Data

Scanning was performed using six slice CT-scan (Siemens
Emotion) with a routine head protocol (rotation time 1
second and slice thickness 2.5 mm, 130 kV; 250 mAs; 200 mm
FOV; H70s filter; Hu min: 3069; HU max: 3071. Scanning for
each tube volume (5 ml, 10 ml, 15 ml and 20 ml). Volume
measurements repeated three times.

Measurement of bleeding with manual method (Fig 2A):

a. Slice selection: The 10th slice (the middle slice number).
This slice representing the middle position of the entire
length of the slices. The slice selection for the length
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measurement is give two measurements, the first
measurement at the greatest diameter of the slices, and
then the second measurement perpendicular to the first
measurement.
b. Measure the thickness of bleeding with the Broderick
formula:
Volume=AxBxC/2
A =long diameter of bleeding
B = diameter of bleeding width
C = thickness of bleeding
Thickness of bleeding is the number of slices in which the
bleeding is visualized multiplied by the slice thickness

Measurement of bleeding automatic method (Fig 2B):

a. Selection of the area in upper and lower limits of the
lateral scan.

b. Apply the circle tool to the bleeding area in the axial
image.

c. Determine the HU value for upper HU and lower HU
(minimum HU value is 3069, maximum HU is 3071).

Data was analysed with the Friedman test followed by
Wilcoxon (confidence level= 95%). Accuracy was assessed
from the standard deviation value of the measurement
results to the actual volume.

RESULTS

The results of measuring volume of bleeding on a head CT
scan in the helical technique and sequence within manual
and automatic measurement methods.

The results of calculating the helical technique using the
manual method mean that the average value close to the
actual volume in the helical technique is at a volume of 5 ml
(4.39 cm®) and 15 ml (11.40 cm®). Whereas in the helical
technique the automatic method is at a volume of 10 ml
(8.09 cm®) and 20 ml (18.93 cm?®) as shown in Table I.

The results of the helical technique calculation study using
manual and automatic methods were carried out by means
of a paired samples T-test with a significance value of 5 ml
volume 0.000, 10 ml volume 0.000, 15 ml volume 0,001 and
20 ml volume 0.021 (p <0.05). It can be concluded that there
is a significant difference in the helical technique using
automatic and manual methods as shown in Table II.

The results of the research on calculating the sequence
technique using manual and automatic methods were
carried out by the means of a paired samples T-test with the
results of a significance value of 0.000 5 ml volume, 0.000 10
ml volume, 0.012 15 ml volume and 0.000 20 ml volume (p
< 0.05). It can be concluded that there are significant
differences in the sequence technique using automatic and
manual methods as shown in Table II.

The automatic method has a smaller standard deviation in
the helical technique, while the manual method with a
volume of 5 ml has the same value, namely the standard
deviation value is 0.139. Whereas at 10 ml, 15 ml and 20 ml,
it is smaller in the sequence technique than the helical
technique as shown in Table III.
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Table I: The average value of bleeding volume using manual and automatic methods within helical and sequence scan modes

Accuracy of bleeding volumetric measurement on head CT scan with sequence and helical techniques

Volume Helical Sequence
Manual (cm?) Automatic (cm?) Manual (cm?) Automatic (cm?)

5 ml 4,39 4,10 4,39 3,75
10 ml 7,87 8,09 8,05 7,27
15 ml 11,40 11,12 11,72 10,35
20 ml 15,05 18,93 14,20 13,55

Table II: Paired samples T-test result of bleeding volume using manual and automatic
Volume Helical Sequence

Sig. Value p value Sig. Value p value
5 ml 0,000 < 0,05 0,000 < 0,05
10 ml 0,000 < 0,05 0,000 < 0,05
15 ml 0,001 < 0,05 0,012 < 0,05
20 ml 0,021 < 0,05 0,000 < 0,05
Table Ill: Standard deviation value with actual bleeding volume in manual and automatic method
Volume Manual Automatic
Helical Sequence Helical Sequence
5ml 0,139 0,139 0,220 0,333
10 ml 0,270 0,242 0,236 0,376
15 ml 0,315 0,288 0,351 0,447
20 ml 0,329 0,376 0,057 0,476
Fig. 1: Acrylic phantom.

DISCUSSION Volume measurement plays an important role in further

The results of measuring volume of bleeding on a head CT scan in
the helical technique and sequence within manual and automatic
measurement methods

CT advantages for assessment of TBI include its sensitivity for
demonstrating acute intra-axial and extra-axial
haemorrhage, mass effect, ventricular size and bone
fractures.” Post-traumatic blood may be epidural, subdural,
subarachnoid, intraventricular or intraparenchymal. IPH
may be related to brain contusion, that is, from injury to
brain parenchyma after direct blow against the calvarium, or
from diffuse axonal injury, also termed traumatic axonal
injury or shear injury. So, it is necessary to have an analysis
of the volume of bleeding in head trauma patients through
the CT scan modality."
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management, both surgical and non-surgical (conservative).
The helical technique is a helical beam geometry that is used
to obtain volume in a network. In this technique the x-ray
tube is moved around the patient in a helical pattern with
each scan. This technique produces a single slice of rotating
x-ray tube. The advantage of this technique is relatively fast
time.

The range of HU values used is smaller or larger, causing
tissue with a smaller or larger HU value than the bleeding HU
value to be counted as bleeding. The automatic volume
method (SVE) has a longer processing time than the manual
method, due to the process of segmenting the bleeding area
and determining the HU value according to the type of
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Fig. 2: Measurement of bleeding with manual method (A) and automatic method (B).

bleeding. Volumetric calculation manually (Broderick) looks
more complicated according to data and calculations, but it's
a process that have a faster processing time. In terms of
accuracy, there is a tendency for the volume value of the
manual method to be higher because it depends on the shape
and size of the bleeding. In breeding with a regular form
(regular), the manual method (Broderick) has a very small
volume difference value compared to the automatic volume
method, the average percentage value of the volume
difference is 6%. However, in bleeding with irregular shapes
(irregular) and bleeding with more than one point
(multilobular) the manual method (Broderick) has a higher
volume yield (overestimated) than the automatic volume
method, the average percentage of the volume difference is
25%.

According to the researchers, the results in this study used the
helical technique, the manual method, the results that were
close to the actual size were at 5 ml volume, while in the
automatic method, the values that were close to the actual
volume were at volumes of 10 ml and 20. The different test
results using manual and automatic methods, there were
differences. Manual method ABC/2 is accurate with a fast
process for bleeding volumes for small ones and there is a
significant overestimation error for calculating bleeding
volume, especially for irregular bleeding. and multilobular."
Volumetric calculations using the automatic volume method
which is called Software Volume Evaluation (SVE) are
strongly influenced by slice thickness or slice reconstruction,
a thinner slice thickness will produce a more accurate volume
measurement.’” Although measurement of bleeding volume
is currently mostly done by segmentation technique in ICH, it
is still preceded by manual measurement with the ABC/2
formula.”

The results of measuring the volume of bleeding on a head CT scan
in the sequence technique within manual and automatic
measurement methods

In principle, the sequence technique of the X-ray tube and
detector moves around the patient and collects data from first
to last data points. Then the patient moves to the second
position and the scan takes place automatically. Sequence
technique is often called the axial scanning technique.
During scanning the x-ray tube rotates around the patient to
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generate a specific set of data. To get another picture, the
examination table must move to another position and set of
data to produce images.*®

The results of measuring the volume of bleeding in this study
in the sequence technique, the values obtained are close to
the actual volume using the manual method. This is
consistent with that statement ABC/2 method is a valid
method for estimation of ICH volume for both regular and
irregular shaped hematomas.™

The standard deviation value of the measurement results of the
bleeding volume of the sequence and helical techniques was
compared with the actual volume

The automatic method has a smaller standard deviation in
the helical technique, while the manual method with a
volume of 5 ml has the same value, namely the standard
deviation value is 0.139. Whereas at 10 ml, 15 ml and 20 ml,
it is smaller in the sequence technique.

Data acquisition using the helical technique is volumetric in
nature and has the advantage of reducing the radiation dose
to patients.”® Helical technique also has significant
advantages over sequential CT techniques and therefore is
likely to pave the way for the implementation of spiral CTs in
cranial neuroradiology as a standard procedure."

Based on the measurement results of the helical technique,
the automatic method has a smaller standard deviation
value, while the manual method sequence technique has a
smaller standard deviation value. The automatic volume
method (software volume evaluation) is a volume calculation
by the computer software available on the CT scan tool. This
method of volume calculation is used after all the parameters
and the scanning process are complete. Calculation of the
volume of bleeding based on this method is only used on CT
scans with helical or helical techniques.” To obtain accurate
information about the volume of bleeding it is critical to
obtain the location and the shape of the bleeding regions for
the diagnosis of cerebral haemorrhage, in which the
algorithm needs to be improved.’” Recently, fully automated
algorithm method for measuring bleeding volume has also
been developed. The fully automated algorithm quantified
ICH volumes significantly faster than the semiautomated
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and manual methods. Fully automated ICH segmentation
may facilitate therapeutic decision-making and outcome
prediction in patients with spontaneous, supratentorial ICH."”
Several segmentation methods can also be used to estimate
the estimated volume of bleeding, such as the Dynamic
Graph Convolutional Neural Network (DGCNN) which
predicts small-scale intracranial haemorrhage data set
although a large dataset would be better.*® But what is done
in this study is to test the accuracy of calculating the volume
of bleeding from the volume actual size and measured using
the manually and automatically measurement methods
within sequential and helical scan mode using a phantom.

This study has an update in discussing sequence and helical
scanning techniques in determining the accuracy of bleeding
volume measurements using phantom. In several existing
studies for sequence and helical techniques often only discuss
the radiation dose.”

This research has the limitation of not being able to assess
masses, oedema, or midline shift. Because this research is a
study using a phantom which is designed to simulate
bleeding, the measurement of masses, oedema, or midline
shift cannot be measured. Further research is needed to
simulate irregular bleeding volume measurements, use of
slice thickness variations and filter variations.

CONCLUSION

The results of the paired samples T test difference test were
significant at 5 ml volume = 0.000, 10 ml volume 0.000, 15
ml volume = 0.012 and 20 ml volume = 0.000 (p <0.05).
Standard deviation value of the measurement results of the
bleeding volume of the sequence technique and the helical
technique compared to the actual volume of the helical
technique measurement in the automatic method has a
smaller standard deviation value. The most accurate method
is the automatic method with the helical technique because
it has a smaller standard deviation than the manual method
with both techniques.
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ABSTRACT

Introduction: The aim of this study was to analyse the
clinical characteristics of patients with rheumatoid arthritis
receiving biologics therapy and investigate the association
between types of biologics and tuberculosis (TB) infections
in 13 tertiary hospitals in Malaysia.

Materials and Methods: This was a retrospective study that
included all RA patients receiving biologics therapy in 13
tertiary hospitals in Malaysia from January 2008 to
December 2018.

Results: We had 735 RA patients who received biologics
therapy. Twenty-one of the 735 patients were diagnosed with
TB infection after treatment with biologics. The calculated
prevalence of TB infection in RA patients treated with
biologics was 2.9% (29 per 1000 patients). Four groups of
biologics were used in our patient cohort: monoclonal TNF
inhibitors, etanercept, tocilizumab, and rituximab, with
monoclonal TNF inhibitors being the most commonly used
biologic. The median duration of biologics therapy before
the diagnosis of TB was 8 months. 75% of patients had at
least one co-morbidity and all patients had at least one
ongoing cDMARD therapy at the time of TB diagnosis. More
than half of the patients were on steroid therapy with an
average prednisolone dose of 5 mg daily.

Conclusion: Although the study population and data were
limited, this study illustrates the spectrum of TB infections
in RA patients receiving biologics and potential risk factors
associated with biologics therapy in Malaysia.

KEYWORDS:
Risk of tuberculosis; biologic therapy; tumour necrosis factor-alpha
inhibitor; rheumatoid arthritis

INTRODUCTION

The World Health Organisation (WHO) estimates that 19 to
43% of the world’s population is infected with M. tuberculosis;
18 million new cases and 12 million deaths from tuberculosis
(TB) infection occur each year.! In Malaysia, the reported rate
for TB infection is less than 100 cases per 100,000 population
and the mortality rate was 5.5 cases per 100,000 population
in 2015.2

Rheumatoid arthritis (RA) is a common, multisystemic
autoimmune disease that can lead to deformities and
functional limitations without appropriate treatment. The
innate immune system in RA is important for maintaining
the immune response and protecting against infection. It is
also responsible for initiating the inflammatory response and
activating the adaptive immune response.’

It is well known that RA patients have a four-fold higher rate
of infections’ and up to 13% infection-related mortality
compared with the general population, especially TB
infections.® Several factors predispose RA patients to
infections, including the disease and its complications,
cumulative doses of disease-modifying antirheumatic drugs
(DMARD:s),** prolonged use of steroids, and the advent of
biologics therapy, which may further alter the immune
system.

In one study,® RA patients treated with biologics had a 2.5-
fold higher risk of TB infection compared with the biologic-
naive group. Tumour necrosis factor-alpha inhibitors (TNFa-
i), particularly etanercept (ETN), had the lowest risk of TB
infection compared with biologics in the same group.

To date, there are only a few studies reporting TB infections
in RA patients treated with biologics therapy in Asian
countries.”® Most of the available studies aimed to analyse
the adverse events associated with biologics therapy in RA
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patients, especially infections.”” In Malaysia, the risk of TB
infection in RA patients receiving DMARDs or biologics
therapy has not been reported. Although it is known that the
risk is higher compared to the general population, it is
important for us to know the data in relation to Malaysian
population.

In this study, we analysed the baseline characteristics and
demographic data of RA patients who received biologics
therapy and investigate the association between types of
biologics and tuberculosis infections in 13 tertiary hospitals
in Malaysia.

MATERIALS AND METHODS

This was a retrospective study that included all RA patients
who received biologics therapy from January 2008 to
December 2018 at 13 tertiary hospitals in Malaysia. The aim
of this study was to analyse the clinical characteristics of
patients with RA receiving biologics therapy and investigate
the association between types of biologics and tuberculosis
infections in 13 tertiary hospitals in Malaysia. Ethics
approval for the study was given by the National Medical
Research Register (NMRR) under research number ID 58004.
As this was a retrospective study, a consent waiver was
granted by the research ethics committee.

All RA patients from rheumatology follow-up in 13 tertiary
hospitals in Malaysia who received biologic therapy were
included for this study. The inclusion criteria were patients: (i)
diagnosed with RA based on the American College of
Rheumatology (ACR) 2010 criteria;11 (ii) aged 18 years and
older; and (iii) who received biologics therapy between
January 2008 and December 2018. The exclusion criteria
were RA patients: (i) with a concurrent diagnosis of psoriatic
arthritis, spondyloarthritis or Bechet’s disease; and (ii) who
had received biologics therapy before January 2008 or after
December 2018.

Patient demographics including age, sex, concomitant
diseases (diabetes mellitus [DM], cardiovascular disease
[CVD], chronic kidney disease [CKD], and chronic lung
disease), screening prior to biologics therapy, treatment
received for RA including conventional synthetic DMARDs
(csDMARDs) and steroids, and treatment received for TB
including TB infection and latent tuberculosis infection (LTBI)
were obtained from the Malaysian National Inflammatory
Arthritis Registry (MyNIAR), the Malaysian Rheumatology
Biologic Registry (MARBLE), and the patient’s medical records
and recorded in the data collection forms. Data were
expressed as mean = standard deviation (SD) unless
otherwise stated.

RESULTS

Patient Characteristics

During the study period from January 2008 to December
2018, 735 RA patients received biologics therapy. A total of
21 of the 735 patients were diagnosed with TB infection after
treatment with biologics. Therefore, the calculated
prevalence of TB infection in RA patients treated with
biologics was 2.9% (29 per 1000 patients).
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We were able to analyse only 21 patients diagnosed with TB
infection because only limited data was available for the
remaining patients. Of these 21 patients, 71.4% were women
and the majority were of Malay ethnicity (52.45%). The
median disease duration was 162 months. The
sociodemographic characteristics of the subjects are shown in
Table 1.

Biologic Therapy

Four groups of biologics were used in our patient cohort:
monoclonal TNFe-i, etanercept (ETN), interleukin-6;
tocilizumab (TCZ), and anti-CD20; rituximab (RTX).
Monoclonal TNFa-i was the most commonly used biologic
(seven patients), namely, adalimumab (45.5%), infliximab
(27.3%), golimumab (18.2%), or certolizumab (9.0%). The
median duration of biologic therapy before diagnosis of TB
was 8 months, with anti-CD20 having a minimum duration
of 4.5 months. 16 (76.2%) had pulmonary TB, while the
remaining 23.8% had extra-pulmonary TB, which included
TB lymphadenitis, military TB, and disseminated TB (Table
D).

Associated Risk Factors

Of the 21 patients, only 3 (14.3%) were smokers or had a
history of smoking. Most of them had no history of TB
(71.4%) and had never been treated for latent TB (71.4%).
75% of patients had at least one pre-existing disease, with
hypertension (33.3%) being the most frequently reported
comorbidity, followed by dyslipidaemia (19.0%) and
ischemic heart disease (14.3%). As regards occupational
status, 23.8% of patients were housewives, 14.3% worked in
the hospital, and some had their own business (14.3%) or
were retired (14.3%) (Table III).

All the patients had at least one ongoing cDMARDs therapy
at the time of diagnosis TB. The most commonly used
cDMARDs were leflunomide (71.4%), followed by
methotrexate (61.9%) and sulfasalazine (38.1%). More than
half had ongoing steroid therapy with an average steroid
dose of 5 mg daily (Table III).

DISCUSSION

A paper published by Keane et al triggered the emergence of
studies and registries on the risk of TB infections after
biologics therapy.®* Most of the available registries provided
valuable data and estimates of the relative risk of TB
associated with the use of different biologics. The result of our
study showed that the calculated prevalence of TB infections
in the Malaysian RA cohort treated with biologics was higher
than in the Malaysian general population, and the incidence
was almost comparable to reports from the Brazilian
registry,”” the Swedish population,” and the Korean
population.™ A French prospective study had reported a lower
adjusted annual incidence rate of TB in patients receiving
ETN, infliximab (IFX), and adalimumab (ADA).*

The median latency of TB infection after exposure to biologics
in our patient cohort was 8 months, with the earliest being
4.25 months in patients exposed to anti-CD20, followed by
8.0 months for interleukin-6 (IL-6), 9.0 months for ETN, and
12.0 months for monoclonal TNFa-i. A retrospective
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Table I: Sociodemographic data of the subjects

Median Min, Max
Demographic
Age (years) 53 33, 82
Gender
Male 6 (28.6)
Female 15 (71.4)
Race
Malay 11 (52.4)
Chinese 5(23.8)
Indian 5(23.8)
Duration of RA (months) 162 87, 336
Duration of biologic (months) 8.0 25,72

RA: rheumatoid arthritis
Data presented as either counts (percentages) or median

Table II: Type of biologics, duration of therapy and tuberculosis infection

ETN Monoclonal TNF -i Anti-CD20 IL-6 Total patients
Total number of patients (in percent) 6 (28.6) 7 (33.3) 2 (9.5) 6 (28.6) 21
Duration of biologics exposure before 9.0 12.0 4.25 8.0 8.0
TB infection (months, median)
Steroid therapy at time of TB diagnosis 2 (5mg) 3 (5mg) 1 (5mg) 1 (5mg)
(number of patients, dose) 1 (10mgq) 1 (10 mg) 2 (2.5mq)
1 (20mg)

History of TB infection 2 (9.5) 3(14.3) 0 1(4.8) 6
History of LTBI 1(4.8) 2 (9.5) 0 3(14.2) 6
Type of TB infection 4 PTB 5 PTB All PTB 5 PTB 16 PTB

2 EPTB 2 EPTB (Goli, Certo) 1 EPTB 5 EPTB

ETN: etanercept, TNFe-i: tumour necrosis factor alpha-inhibitor, IL-6: interleukin-6, TB: tuberculosis, LTBI: latent tuberculosis infection, PTB: pulmonary
tuberculosis, EPTB: extra pulmonary tuberculosis, Goli: golimumab, Certo: certolizumab pegol
Data presented as either counts (percentages) or median

Table lll: Risk factors associated with tuberculosis infections in biologics therapy

Occupations

Housewife 5(23.8)

Hospital setting 3(14.3)

Retired 3(14.3)

Business 3(14.3)

Office 2 (9.5)

Factory 2 (9.5)

Teacher 2 (9.5)

Driver 1(4.8)
Smoking status

Yes 3(14.3)

No 18 (85.7)
History of TB infections before biologics therapy

Yes 6 (28.6)

No 15 (71.4)
History of LTBI before biologics therapy

Yes 6 (28.6)

No 15 (71.4)
Other co-morbidities

Nil 5(23.8)

1 4 (19.0)

2 7 (33.3)

3 and more 5(23.8)
Number of DMARDs therapy at TB diagnosis

1 6 (28.6)

2 8(38.1)

3 and more 7 (33.3)
Steroid usage at TB diagnosis

Yes 12 (57.1)

No 9 (42.9)

TB: tuberculosis, LTBI: latent tuberculosis infection, DMARDs: disease-modifying antirheumatic drugs
Data presented as counts (percentages)
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Canadian study in 2006 found that the median time to
diagnosis TB from IFX and ETN exposure was 4.25 and 19.75
months, respectively.® However, in the UK population, the
median time from first TNFa-i exposure to diagnosis of TB
was 13.4 months for ETN, 5.5 months for IFX, and 18.5
months for ADA.” Although the data were not comparable to
our patient cohort, it suggests that we need to monitor the
possibility of TB infection in patients receiving biologics as
early as 4.25 months.

The association between TNFe-i therapy and reactivation of
latent TB is well known. As mentioned in many studies''"'®
monoclonal TNFa-i was known to have a higher risk of TB
infection compared with EIN. In the Korean population, two
cases of TB were reported in 90 patients receiving IFX, and no
case was reported in 103 patients receiving ETN.” In the UK
registry, the incidence of TB was 1.5 per 1,000 patient-years
for IFX and 0.5 per 1,000 patient-years for ETN.” A study of
data from the British Society for Rheumatology Biologics
Registry (BSRBR) confirmed a three- and four-fold risks of TB
for IFX and ADA, respectively, compared with ETN.”
Similarly, in our cohort, most patients who contracted TB
were from the TNFa-i monoclonal group (33.3%). The TNFa-i
agent inhibits the TNFa receptor, an important cytokine
involved in the defence against infection, particularly
mycobacterial infection, through a number of mechanisms
include inhibition of reactivation of dormant bacilli.”

In the present study only two patients who had TB infection
after RTX, none of whom had a prior history of TB. An open-
label extension study by Keystone et al showed that the rate
of severe infections was low in patients treated with RTX.” A
2-year, multicentre, randomised, double-blind, placebo-
controlled trial of RTX therapy showed that RA patients had
significant improvement in their disease activity after an
inadequate response to TNFe-i. This study also found no
evidence of TB reactivation with rituximab.® In patient
treated with RTX, peripheral blood remains clear of B cells for
6 to 2 months after a single therapy. However, the reduction
in B cells is not necessarily dramatic, and the long-lived
plasma cells, the main source of protective antibodies, are
not eliminated. Because RTX acts primarily on the humoral
immune response, the risk of acquiring TB or reactivating
latent TB is very low.** This is important in clinical practice
because RTX may be one of the options for the treatment of
RA patients at risk of developing TB, especially in patients
with prior TB infection.

Data from the randomised controlled trials have shown that
the newer TNFa-i monoclonal antibodies, such as golimumab
(Goli) and certolizumab pegol (Certo), do not have an
increased TB risk compared with placebo.” The risk of severe
infections also appears to be significantly lower with these
agents than with other TNFa-i.”* In our patient pool, we had
two patients receiving Goli and one patient with Certo who
had TB infection after treatment.

Because TB disease is highly endemic in Malaysia, screening
for TB is mandatory in all patients before starting the
treatment with biologics. Methods used for TB screening in
Malaysia include the tuberculin skin test (TST), chest
radiograph, direct smear of sputum for acid-fast bacilli, and
the most recent method available is the interferon-gamma
release assay (IGRA). TST is the standard method for
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identifying LTBI, but it has low specificity and does not
distinguish between infection with nonspecific mycobacteria
or a reaction due to BCG vaccination. In contrast, IGRA is
more specific and sensitive for LTBI but has not been
validated in patients taking TNFa-i.” False-negative results in
TST or IGRA may occasionally be observed especially in
immunosuppressed patients treated with biologics,
corticosteroids, or DMARDs.” Park et al. reported that serial
TST combined with IGRA may be useful for the identification
of false-negative results for LTBI and new TB infections in
patients undergoing long-term anti-INF therapy.”

Reactivation of LTBI has become a major concern since the
introduction of IFX for RA.? In our cohort of patients who were
found to have LTBI, isoniazid (INH) prophylaxis was
administered for at least 6 to 9 months, with a treatment
duration of at least 1 to 2 months before starting treatment
with biologics. Several guidelines have recommended this
treatment regimen on the basis of studies reporting up to a
10-fold increased risk of reactivation of latent TB in patients
undergoing TNFe-i therapy and a decrease with appropriate
prophylaxis in the same group of individuals.” Starting
TNFa-i therapy after 1 month of TB prophylaxis in patients
with RA who tested positive for LTBI significantly reduced the
risk of TB reactivation. However, if the activity of the
underlying disease and the general condition of the patient
permit, it is preferable to wait another 1 month, because the
side effects of therapy with isoniazid occur mainly in the first
2 months. Although the risk of LTBI reactivation is not the
same with all biologics, screening for LTBI is strongly
recommended in all current guidelines when initiating
therapy with a TNFa-i.*®

Older age, male sex, use of corticosteroids, and the presence
of comorbidities such as DM, chronic obstructive pulmonary
disease (COPD), and CKD were all significant risk factors for
the development of TB in the cohort of RA.” We also
attempted to assess the potential risk factors that might
contribute to the development of TB infections in our patient
cohort but were unable to analyse the correlation because of
very limited data. We had expected that patients with a
history of smoking or active smoking, a history of previous TB
infections or LTBI, and occupational status might contribute
to TB infection, but this was not the case. However, patients
with ongoing steroid use and DMARDs and at least one
comorbidity had a higher percentage of TB infections than
the other patients. Comorbidities in our patients included
hypertension, dyslipidaemia, ischemic heart disease, and
diabetes mellitus.

We also investigated the types of TB infection in our patient
cohort and up to 76% of them had pulmonary TB infection.
The rest (five patients in total) had extrapulmonary TB
(EPTB) infection, which included TB lymphadenitis and
disseminated TB. Two of them received ETN, two received
monoclonal TNFa-i, and one IL-6. TB lymphadenitis is known
to be the most common EPTB reported in Malaysia,* but it is
somewhat different in other countries.” Severe
immunosuppression increases the risk of developing EPTB, as
opposed to PTB alone.***" To our knowledge, there has been
no study addressing the association between biologics
therapy and EPTB per se. Diagnosis of EPTB is also clinically
challenging because of its atypical clinical features, but the
risk of developing extrapulmonary tuberculosis was definitely
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higher in RA patients. It is also difficult to distinguish
symptoms such as fever and elevated inflammatory markers
from other infections or a RA disease flare. In addition, TST
results may be false-negative in cases of EPTB.*

There are some limitations to this study. This study did not
have enough data from RA patients without biologics
therapy, which would make it difficult to assess the
association between risk factors in patients on and off
biologics. Assessing risk factors in patients before and during
biologics therapy would help improve treatment success
without interruption and reduce the risk of infection for
patients. Although the number of cases that developed TB in
our study cohort was limited and the assessment of risk
factors was not robust, we drew some conclusions about
which biologics could be used in patients who previously had
TB infections. This study also lacked data on disease activity
before and after TB infections in patients treated with
biologics. We were unable to assess treatment outcome in
patients with TB infections. We anticipate that it will be
difficult for patients with TB infections to control their disease
activity because treatment options are limited during this
time. It would be helpful to have the full data on this so that
we can evaluate the impact of TB not only on the patient’s
infection status but also on disease control. We also were not
able to compare whether RA disease alone is a risk factor for
TB without biologics therapy.

A prospective cohort study of TB infections in patients with
RA receiving biologics in the Malaysian population and the
effects of different classes of biologics could provide useful
information to help clinicians in the prevention of TB in this
patient group.

CONCLUSION

Although the study population and data were limited, the
findings of this study illustrate the spectrum of TB infections
in RA patients receiving biologics and potential risk factors
associated with biologics therapy. The incidence rates and
types of biologics associated with TB appear comparable to
other Asian and Western data. Identification of high-risk
patients and appropriate screening before biologics therapy
is an important tool to reduce the risk of progression to active
TB. Patients with negative screening tests may need to be
closely followed and monitored for possible TB reactivation.
Effective prophylaxis helps to significantly reduce the risk of
infection or TB reactivation in patients treated with biologics.
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ABSTRACT

Introduction: The fourth leading cause of cancer-related
mortality and morbidity worldwide is colorectal cancer
(CRC). Numerous reasons have contributed to the massive
rise in CRC cases, for which Asian nations differ
significantly in terms of risk incidence rates. The objectives
of this study were to, first, identify the socio-demographic
characteristics of those of North Borneo ethnicity and body
mass index (BMI) and, second, determine the association of
these factors with CRC. This research will contribute to
preventing this form of cancer.

Materials and Methods: This study is an analysis of a
matched case-control study with a ratio of 1:2. The case
group contained 206 respondents, and the control group
contained 412. All CRC cases were confirmed with the
histological results. The control group was matched for
links between age, sex and ethnicity with CRC. The
Statistical Package for Social Sciences Statistics (SPSS)
IBM version 28.0 was used to conduct descriptive analysis
using chi-squared testing and simple logistic regression.
The statistical significance was P < 0.05.

Result: Overall, 618 respondents took part in this survey, of
which 256 (41.4%) were female and 362 (58.6%) were male.
The maximum age was 76, with a mean age + SD of 53.17 +
11.4. Those of Bajau ethnicity comprised 24.6% (152) of the
population, followed by Dusun with 22.8% (141), Kadazan
with 17.6% (109%), other North Borneo ethnic groups with
15.5% (96), Bugis with 9.7% (60), Brunei with 4.4% (27) and
other predominant races with 5.3% (33). Regression
analyses revealed that the incidence of CRC in North
Borneo, Malaysia, was substantially correlated with income,
occupation, other linked diseases and BMI.

Conclusion: Various risk factors are linked to CRC, based on
the findings related to socio-demographic characteristics

and BMI. Therefore, to lower the nationwide prevalence of
CRC, national public health campaigns should include
collaboration with the regional authorities to highlight the
incidence and risk factors of CRC based on ethnicity.

KEYWORDS:
Colorectal cancer; Ethnicity; Malaysia; Obese; Overweight;
Sociodemographic

INTRODUCTION

Colorectal cancer (CRC), a leading cause of cancer-related
morbidity and mortality, is the fourth leading cause of cancer
deaths worldwide.! In 2018, 550,000 men and 470,000
women were affected by CRC, of which there are
approximately one million new cases yearly. The number of
new cases of CRC includes about 1,096,000 and 704,000 new
cases of rectal cancer among men and women, respectively.’
In Asian countries, incidence rates vary widely, and CRC
cases have increased dramatically in certain economically
mature parts of the continent.? This pattern can also be
observed in Malaysia. CRC incidence rates are the highest
among those of Chinese ethnicity, and CRC is the second
most common cancer in both males and females, with an
age-specific incidence of 10.2 per 100,000 females.?

Evidence from worldwide literature demonstrates that the
CRC risk can be attributed to genetics, gender, ethnic origin,
geographical region and environmental conditions.! In
addition, meta-analysis research showed a considerably
increased incidence of CRC associated with obesity.*® The
findings from 13 different meta-analysis cohort studies
revealed weight gain or BMI were related to an elevated risk
of colon cancer.”® Compared to those of normal weight,
obesity is associated with a 7%-60% higher risk of CRC;
updated reviews suggest a 30%-70% higher risk and links to
the population's lifestyle.”’ Therefore, the variety of cultures
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and technological changes mean that individual variations,
age-related differences, body composition and ethnic factors
must be considered when diagnosing CRC.*

In Asian countries, common risk factors are positively
associated with CRC, such as positive family history, obesity
and old age.”™ Understanding risk factors that compare
various differences in demographics and resources would
facilitate the prevention of CRC in Asia."” Studies in Malaysia
have revealed the prevalence of CRC risk factors and their
reduction in the Malaysian population as areas that should
be investigated more extensively.” Thus far, most studies have
represented only the three major ethnicities in Malaysia
(Malay, Chinese and Indian) when exploring the risk factors
of CRC.™ To the best of the authors’ knowledge, few studies
have examined the socio-demographic characteristics of the
indigenous population in North Borneo, Malaysia and their
association with CRC incidence.

The population of North Borneo is approximately 3.59
million and comprises 32 ethnic groups, of which 28 are
indigenous.” These multiple ethnic groups are characterised
by diverse languages, cultures, and high genetic diversity, but
they can communicate effectively in the Sabah Malay
dialect.”® Although the majority professed either Islam or
Christianity, some retain ancient beliefs and practices. The
latter group are not always genetically homogenous.”
Therefore, understanding population-based differences
concerning CRC will improve clinical practice and increase
the resources available to facilitate the prevention of CRC in
Malaysia. The objectives of this paper were to, first, identify
links between socio-demographic characteristics—focusing
on age, gender, ethnicity, religion, residential areas, marital
status, education, income and occupation—and CRC
incidence and, second, determine the association between
BMI and CRC in those of North Borneo ethnicity.

MATERIALS AND METHODS

This is an analysis of a matched case-control study with a
ratio of 1:2. CRC cases were taken from four district general
hospitals (Queen Elizabeth Hospital, Duchess of Kent
Hospital, Tawau Hospital, and Keningau Hospital) between
2019 and 2022. Using a multilevel research approach, the
control group was matched for age, sex, ethnicity and place
of residence to avoid potential bias.

The target population for the cases was all CRC patients
(male and female) registered and reported in the Sabah
Cancer Registry or the National Cancer Registry within three
years of diagnosis (from 2019 to 2021). Participants in the
control group were matched with cases in age (within five
years), sex, and ethnicity in the same district and of the same
ethnic group in Sabah. Based on the CRC risk, the sample size
was determined (odds ratio [OR] = 1.78, 95% confidence
interval [CI], P2 = 0.546). To identify odds ratios greater than
2.0 or lower than 0.6 with an 80% power, the sample size was
matched to two controls (206:412) for age, sex and ethnicity.
However, 2 years after the study began, new CRC cases were
included to account for patients who had passed away.

Med | Malaysia Vol 78 No 7 December 2023

Data collection commenced in March 2020 after obtaining
research approval from the Malaysian Ministry of Health
and Ethics Committee. Further support from the selected
hospitals, clinics and Sabah State Health Departments was
obtained to allow access to cancer registry lists, hospital
records of diagnoses and patients’ medical records. The
investigator met selected respondents from the case group
who visited one of four selected general hospitals in Sabah.
Meanwhile, the control subjects met in the community and at
their chosen health clinic. All the respondents were selected
using purposive sampling. All the eligible respondents gave
written informed consent to their participation before the
interviews.

The subjects in the case groups were confirmed CRC patients
diagnosed based on histopathological examination (HPE),
registered in the Sabah State Cancer Register or the National
Cancer Registry, and alive, regardless of their family history
of cancer. These requirements helped to establish a
comprehensive and reliable source for identifying cases. The
control group was free of CRC participants with no family
history of colorectal or any other form of cancer. Each
respondent was matched by age, sex, gender and ethnicity to
minimise potential confounding factors and enhance the
comparability between groups. All the control subjects were
screened for CRC using a faecal immunochemical blood test
(iFOBT). The results needed to be negative, with no signs or
symptoms of the disease. Respondents in both the case and
control groups had to be indigenous to North Borneo and
belong to one of the region’s major ethnicities—such as
Kadazan, Dusun, Bajau, Bugis, Brunei, Murut, Sungai,
Bisaya, Jawa, Lundayeh, Rungus, Suluk, Irranun, Cocos,
Kegayan or Tidung—or to another predominant race, such as
Malay, Chinese or Indian. All the respondents had to be at
least five years old to ensure their potential environmental
exposure to the risk of CRC. To ensure the validity and
reliability of data collection, participants were excluded if
they could not provide written consent or had difficulties
understanding or answering the questionnaire.

All the study respondents were interviewed face-to-face and
given a standardised self-report questionnaire. These
structured questionnaires were cross-culturally adapted to the
research topic and valid for use in the local context. The
questionnaire was divided into two sections. Section A (socio-
demographic characteristics) covered the respondents'
details, such as their age, gender (male or female), ethnicity
(North Borneo ethnicity), religion (Muslim, Christian,
Buddhist, Hindu or other), area or place of residence (by
district), marital status (single, married,
widow/widower/divorced), educational status (no formal
education, primary, secondary, tertiary), household income
(less than RM1000, RM1000-RM3000, RM3000 and above)
and current employment (based on the International Labour
Organisation criteria: self-employed, retired). Section B
covered measurements of the respondent’s anthropometric
details.

A literature review of the studies, journals and books relevant
to this topic validated the questionnaire's content. Face
validity was used to assess the questionnaire. It was pre-tested
with 30 respondents not included in the study sample to
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ensure they understood the questions and statements. To
gather more information, interviews were also conducted
with the patients' family members and the medical
professionals in charge of the patients. A document review
was conducted of the patients’ case notes, and hospital
documents were reviewed to obtain the respondents' HPE
results and notification reports. The North Borneo dialect uses
the Malaysian national language, Bahasa Melayu, which was
used when communicating with and interviewing the
respondents.

Direct measurements of anthropometric data (weight, height
and waist circumferences) were performed after the interview
with each subject. Validated and calibrated instruments were
utilised following Malaysian Health Ministry protocol
standards. The participants wore light clothing and no shoes,
and individual accessories were removed. According to
standard procedures, body weight was measured to the
nearest 0.1 kg using a digital SECA scale (model Seca Clara
803, Seca GmbH & Co. KG., Hamburg, Germany). The
parameter used to determine underweight, normal weight,
overweight, and obese was the BMI, which is calculated
according to the formula BMI = weight (kg)/height (m?). The
BMI values were calculated as the ratio of weight in
kilograms to the square of the height in metres (kg/m? and
categorised based on the WHO 1998 guideline and the Asian
BMI cutoff values. Every participant was divided into one of
four categories based on the Asian BMI cutoff points: BMI
18.5 kg/m? (slim or underweight), BMI between 18.5 and 24.9
kg/m? (normal), BMI between 25 and 29.9 kg/m?
(overweight) and BMI > 30 kg/m?* (obesity).

According to standard procedures, waist circumference (WC)
was measured with a non-elastic measuring tape Seca 201
(SECA, Vogel & Halke GmbH & Co. KG, Hamburg, Germany)
and recorded to the closest 0.1 centimetres.” After the
participant took several successive natural breaths, WC was
measured at a level parallel to the floor, halfway between the
top of the iliac crest and the lower edge of the last perceptible
rib in the midaxillary line.” The waist circumferences were
classified based on the cutoff established by the International
Diabetes Federation (IDF)/Western Pacific World Health
Organization/International Obesity Task
(WHO/IASO/IOTF,2000) for Asians (90 cm in men and 80 cm
in women).”

Patient privacy and confidentiality were maintained.
Respondent selection was voluntary, so they were given the
choice to participate, with no attention paid to any conflict of
interest. They also had the right to withdraw from the study
at any time. Informed consent was obtained from the
respondents who wished to participate in the study, the
confidentiality of which was assured. Ethical approval was
obtained from the Medical Research Ethics Committee,
Ministry of Health Malaysia NMRR: 19-3905-52394 and the
University of Malaysia Sabah Research Ethics Committee
(UMS/FPSK 6.9/100-6/1/95).

The Statistical Package for Social Sciences Statistics (SPSS)
IBM version 28.0 was used to analyse the data. The data
collected from the respondents were analysed according to
their group. The normality tests showed that the data had a
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normal distribution. The socio-demographic data were
analysed using the Pearson chi-squared test. Categorical data
were expressed as frequencies, and percentages were
presented descriptively and expressed as frequency
(percentage, %) distribution. The current variables only used
simple logistic regression on the effect size to determine the
various socio-demographic factors associated with CRC.
Simple regression was also used to determine the association
between BMI and CRC. Hosmer and Lemeshow
recommended this p-value as they found that using p < 0.05
might not enable certain significant variables to be
identified.”* No adjustments were made for confounding
factors in the statistical analysis. The significance level was
set as p < 0.05. The outcomes are presented as crude and odds
ratios (OR) with a 95% confidence interval (CI) and the
corresponding p values.

RESULTS

This case-control study involving 618 participants was
conducted between March 2020 and December 2022.
According to Table I, of the 206 cases and 412 controls, most
participants were 61-65 years old, with 19.3% being 21.8% in
the case group and 18.7% in the control group. The mean
age of the participants was 53.17 (11.4) years old. Of the
seven ethnic groups identified in this survey, Bajau comprised
the greatest percentage (24.8%), followed by Dusun (22.3%),
Kadazan (18.0%), other North Borneo groups (15.5%), Bugis
(9.7%), other major races (5.3%) and Brunei (4.4%). Most
participants (58.6%) were male, making up a majority of
59.2% in the case group and a majority of 58.3% in the
control group. The participants were predominantly Muslim
(59.4%) and married (78.3%). A total of 53.1% were
secondary school graduates. Table II lists the socio-
demographic characteristics with regard to CRC, including
the respondents’ incomes, occupations and BMI values.

The average monthly income of the wealthiest households
was RM1000 (227.25 USD), and 38.2% earned between
RM1000 and RM3000 (681.74 USD). The unemployment rate
among the participants was 35.6%, while retirees comprised
15.0%. Following the International Labor Organization
criteria, professionals made up 15.3% of the participants in
the control group and 13.9% of those in the case group. Sales
and service professionals comprised the next-largest group in
both categories, accounting for 11.0% in each. Although the
majority (61.7% of the respondents in the case and control
groups) did not report receiving any treatment, 15.0% of the
respondents from the case group and 41.0% of those from the
control group did, receiving additional treatment for
conditions such as hypertension, diabetes mellitus and
cholesterol.

Table II also summarises the BMI values of the participants.
It is statistically significant that CRC was associated with
most respondents in the case group (48.5% vs. 63.1% in the
control group), with a p-value of 0.001. Males with a waist
circumference of less than 90 cm represented the majority of
these, followed by men with a waist circumference beyond 90
cm. The mean (SD) of the case group is 3.62, whereas that of
the control group is 3.42.
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Table I: Frequency distribution of socio-demographic background of the participants

Case Control
Variable (206) n (%) (412) n (%)
Age of respondent
>25 4(1.9) 8(1.9)
26-30 5(2.4) 10 (2.4)
31-35 10 (4.9) 22 (5.3)
36-40 14 (6.8) 26 (6.3)
41-45 13 (6.3) 31 (7.5)
46-50 23 (11.2) 39 (9.5)
51-55 34 (16.5) 72 (17.5)
56-60 37 (18.0) 82 (19.9)
61-65 45 (21.8) 77 (18.7)
>65 21 (10.2) 45 (10.9)
Mean age+SD (years) 53.17 +11.4
Min-Max age 18-76 years
Gender
Male 122 (59.2) 240 (58.3)
Female 84 (40.8) 172 (41.7)
Ethnicity
Bajau 51 (24.8) 101 (24.5)
Dusun 46 (22.3) 95 (23.1)
Kadazan 37 (18.0) 72 (17.5)
Bugis 20 (9.7) 40 (9.7)
Brunei 9 (4.4) 18 (4.4)
Other North Borneo ethnicity® 32 (15.5) 64 (15.5)
Other predominant race® 11 (5.3) 22 (5.3)
Religion
Muslim 125 (60.7) 242 (58.7)
Christian 76 (36.9) 164 (39.8)
Buddha 5(2.4) 5(1.2)
Free thinker 1(0.2)
Marital status
Married 158 (76.7) 326 (79.1)
Divorce 14 (6.8) 19 (4.6)
widow 15 (7.3) 25 (6.1)
Single 19 (9.2) 42 (10.2)
Education
None 16 (7.8) 16 (7.8)
Primary 45 (21.8) 87 (21.1)
Secondary 106 (51.5) 222 (53.9)
Higher education 39 (18.9) 87 (21.1)

*(Murut, sungai, Bisaya, Jawa,Lundayeh, Rungus, Suluk, Irranun, Cocos, Kegayan, Tidung)

°(Chinese, Malay)

DISCUSSION

Ethnicity age-adjusted incidence has often been interpreted to
account for the differences in the prevalence of CRC
worldwide. In addition, ethnicity, geographic variation,
being younger, and gender have been linked to increased
risk.** However, classification systems with four consensus
molecular (CMS) subtypes of CRC are yet to be defined.*
Some people in Asia, particularly the Chinese, Koreans and
Japanese, live in similar environments and have similar
lifestyles and dietary behaviours, unlike multi-ethnic
populations like those of Singapore and Malaysia.** Cancer
incidence and survival differences between indigenous and
non-indigenous populations have been reported.”*
Surprisingly, the reported CRC prevalence was below the
national norm. Malays, Chinese, Indians and others
(including foreigners) are not representative of the
indigenous communities in North Borneo, Malaysia
(Sabah).»*

Med | Malaysia Vol 78 No 7 December 2023

The population of Sabah was projected to be 3,418.8 million
in 2020. There are 36 officially recognised ethnic groups in
North Borneo. The majority of the population (698,300) are
of the Kadazan/Dusun ethnic group, followed by the Bajau
(592,400) and Murut (112,900).** However, the study found
that the highest incidence of CRC in selected districts was
among the Bajau, with 24.8%, followed by the Dusun
(22.3%), Kadazan (18.0%), and others in North Borneo
(15.5%). These results may have been obtained due to these
groups being the majority ethnicities in that area, and the
findings do not represent the whole country. Following other
research in Malaysia, the main ethnic groups reflected the
increased risk factors for CRC.*

Most of those in the case group were found to be between the
ages of 61 and 65, while 59.2% were male and 40.8% were
female. In contrast, a global study in 2018 placed CRC risk
third among men and second among women.’ In Asian
countries such as Korea and Japan, CRC is more significant
in women than men, and it has surpassed all other cancer-
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Table II: Univariate analysis of risk factors for colorectal cancer

Case Control 95% ClI
Variable (206) n (%) (412) n (%) OR Lower Upper p value
Income 0.004
RM 1000-RM 3000 72 (35.0) 16 (39.8) 1.756 1.164 2.648
> RM 3000 60 (29.1) 236 (38.2) 1.953 1.276 2.989
< RM 1000 74 (35.9) 90 (23.3) Ref
Occupational 0.001
Manager 5(2.4) 11 (2.7) 0.9 0.212 3.822
Professional 23 (11.2) 63 (15.3) 2.073 0.678 6.339
Technician and associate professional 4(1.9) 9(2.2) 1.05 0.277 3.985
Clerical support workers 8(3.9) 17 (4.1) 2.631 0.81 8.543
Service and sales worker 13(6.3) 55 (13.3) 0.487 0.14 1.7
Skilled agricultural, forestry and fishery worker 14 (6.8) 13 (3.2) 0.9 0.178 4.549
Craft and related trades workers 5(2.4) 7(01.7) 0.15 0.013 1.676
Plant and machine operators and assemblers 4(1.9) 2 (0.5) 3 0.786 11.445
Elementary occupation 7 (3.4) 37 (9) 2.4 0.215 26.822
Armed force 3(1.5) 5(1.2) 0.9 0.316 2.565
Pensioner 32 (15.5) 61 (14.8) 1.125 0.375 3.377
Not working 88 (42.7) 132 (32) Ref
Other related diseases <0.001
HPT, DM, and cholesterol 31 (15) 169 (41) 3.25 2.09 5.055
HPT, DM, and others 0 15 (3.6) 96322 0
Others 5(2.4) 15 (3.6) 1.789 0.635 5.039
Chemotherapy 43 (20.9) 0 0 0
Not on any treatment 127 (61.7) 213 (61.7) Ref
BMI <0.001
Healthy weight 64 (31.1) 79 (19.2) 0.178 0.063 0.499
Overweight 26 (12.6) 68 (16.5) 1.674 1.135 2.47
Obesity 100 (48.5) 260 (63.1) 1.396 0.871 2.237
Underweight 16 (7.8) 5(1.2) Ref

OR = odds ratio, Cl = confidence interval, BMI=Body mass index, and Ref = Reference

related causes as the second-most significant cause of death
globally.*** CRC has overtaken breast disease as the second-
most frequent cancer in both men and women. The gender
disparity may be partly due to lifestyle factors such as higher
rates of smoking and drinking alcohol among men, as well as
fewer doctor visits or cancer screenings.”

The earliest age at which diagnosis of CRC occurred was 18;
however, between the ages of 41 and 50, the incidence rose
by 17.5%. Between the ages of 61 and 65, it increased by
21.8% between notified cases.”® These results agree with those
of other studies in which indigenous people had a threefold
higher risk of CRC than Chinese people.® It subsequently had
CRC at age 50, climbs by 30% until age 55 and peaks at 70
years for both sexes.*” In contrast, other studies have
revealed a higher burden of prevalent CRC in people aged
45-49, based on observed incidence rates, and an increase
among people younger than 40.°

Unique to this study, 66.5% of CRC cases were found to be
diagnosed in patients between the ages of 51 and more than
65; however, most of these represent the majority of the
primary ethnicity of North Borneo, Malaysia. These findings
are in accordance with the Malaysian clinical practice
guidelines for managing CRC. Recent studies have also
shown that beginning screening at age 40 or 45 is cost-
effective, and cancer screening models must be updated with
the most current data regarding age and incidence of CRC.**
In contrast to this study, by the ages of 41-50, 17.5% of the
respondents in the control group were free from CRC because
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they attended CRC screening with the iFOBT (Immunological
Faecal Blood Test).

Studies have also revealed that the country's population is
divided between Muslims and Christians, with 60.7% of the
respondents being Muslims and 36.9% being Christians.”
Furthermore, only a small number of socio-demographic
relationships were found not to be statistically significant.
However, socioeconomic status was found to be a significant
risk factor for CRC, with the majority of the respondents
having a household income of less than RM1000 per month.
The majority (51.5%) also had secondary-level schooling as
their highest level of education. However, earlier research
established a correlation between updated rates of CRC
screening, income, and BMI category.*"*

The relationship between occupation and the onset of CRC
has not been extensively studied. However, several studies
have demonstrated that there are differences between the
incidence of CRC in a variety of occupational groups. Some
workers have more significant occupational exposure to
particular agents, including those in the textile industry,
automotive industry, petrochemical industry, beverage
industry, iron and steel industry and railway industry, as well
as dockyard workers and firefighters.*® Our findings did not
suggest exposure to any of these, but a connection between
CRC and occupation was discovered. However, most
respondents (220, or 35.6%) were unemployed, pensioners
(15.0%) or professionals (13.9%), based on the International
Standard Classification of Occupations (ISCO). Furthermore,
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the results showed that 11.0% were sales and service workers,
while 7.1% were employed at stalls, at markets or in
elementary occupations. This association may be because
North Borneo, Malaysia (Sabah) has the third-highest
population working in the informal sector, with 165.5% of
the population working in the unregistered sector (the
informal sector establishment category includes
establishments not registered with CCM and professional
bodies, as well as establishments with fewer than ten workers
and where all or at least one type of the goods produced are
meant for sale or barter transactions).”

According to the findings shown in Table II, 51.7% of the
respondents in the control group were healthy or not
receiving any treatment, whereas 61.7% of those in the case
group only received treatment for CRC. Additionally,
respondents diagnosed with hypertension, diabetes mellitus,
or hypercholesterolaemia were less common in the case
group than the control group (15.0% vs. 41.0%). Co-morbid
illnesses (diabetes, hypertension, dyslipidemia, coronary
heart disease, gallbladder disease, arthritis and constipation)
are more common in CRC patients with a Western lifestyle.
As the data illustrate, CRC was significantly associated with
the three morbid disorders of hypertension,
hypercholesterolaemia, and diabetes mellitus, which were
more prevalent in the control group than the case group. This
aligned with the inverse relationship between blood
cholesterol and the risk of CRC frequently noted in earlier
research. In contrast, a small number of additional studies
found a non-significant relationship between metformin use
and decreased CRC risk in those with DM type II.*” However,
statins, antihypertensives and metformin use among patients
and controls have not been fully documented. Although CRC
risk factors vary from country to country, it is critical to
investigate the disease further among healthy individuals.

Obesity is rapidly becoming a severe health problem because
of lifestyle changes. Being overweight and being obese are
two highly modifiable risk factors that significantly affect the
incidence and mortality of CRC.* As shown in Table II, there
is a substantial correlation between obesity and CRC, with
63.1% of the case group being obese and 31.1% being of
normal weight. These results may be explained by the fact
that obese people had a 33% higher risk of CRC than those of
normal weight.”” However, a study on CRC and obesity
conducted in Malaysia in 2017 found that this country had a
lower population attributable fraction (PAF) for overweight
than Korea and Brazil. The PAF reflects the percentage of
cases (both exposed and unexposed). Findings from 13
distinct meta-analysis cohort studies revealed that weight
gain as determined by BMI or weight was marginally related
to an elevated risk of colon cancer.* Further research is
required to better understand the underlying biological
mechanisms linking obesity to CRC.

Gender differences, the age of onset of metabolic syndrome,
and BMI appear inconsistently associated with an increased
risk of CRC. Consistent with the literature, the current
findings show a significant correlation between all the
anthropometric variables (weight, BMI and waist
circumference) and CRC risk. Regardless of gender, the case
group's average BMI was slightly higher than that of the
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control group, at 3.62 (1.054) and 3.42 (0.837), respectively.
That is consistent with the findings of three further meta-
analyses, which showed that both BMI and waist size were
linked to the risk of CRC.** The strong correlation between
the two sexes supports our findings on the association
between BMI and CRC, as opposed to two studies from China
that indicated a significant increase in colon cancer in men
but not women.*

One limitation of the study is that the generalisability of
these findings only represented a few specific ethnicities. The
findings could only be generalised to some of the population
of Sabah for reasons of ethnicity. Although all the socio-
demographic factors were extensively discussed, it is
unfortunate that not all the CRC cases registered in all the
general hospitals in North Borneo could be included.
Moreover, occupational exposure to the particular agent
linked to CRC was not explored in this study. These areas
require further research to determine whether an actual
difference exists with regard to gender.

CONCLUSION

The authors concluded that there is a risk variance for CRC
among the ethnic groups in North Borneo, Malaysia. The
study showed various socio-demographic characteristics are
linked to CRC based on socio-demographic characteristics
and BMI. Therefore, national public health campaigns
should include collaboration with the regional authorities to
highlight the incidence and risk factors of CRC based on
ethnicity to lower the nationwide prevalence of CRC.
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ABSTRACT

Introduction: Despite substantial progress in reducing
hepatitis B prevalence in the general population, the
indigenous population in Malaysia continues to face a
significant burden of infection, with high seroprevalence
rates. It is hypothesised that transmission patterns differ
between the indigenous and non-indigenous populations.
This study aimed to compare key risk factors for hepatitis B
transmission in indigenous and non-indigenous cases.

Materials and Methods: This is a comparative cross-
sectional study using secondary data from the eNotifikasi
system and hepatitis B case investigation forms between
2018 and 2022 from four district health offices in Pahang,
Malaysia. Demographic data, hepatitis B vaccination status
and risk factors were assessed. Data analysis employed
were independent chi-squared tests, t-tests and binary
logistic regression.

Results: The study included 285 cases (141 indigenous and
145 non-indigenous). Among the indigenous cases, 72.3%
were unvaccinated and 59.6% reported a history of infected
mother, followed by percutaneous exposure, multiple sexual
partners, and sharing syringe. The odds for those with a
history of an infected mother being indigenous group is 2.5
times (95% ClI: 1.4-4.4) compared to those with a history of
an infected mother being non-indigenous group.

Conclusion: Significant difference exists in hepatitis B risk
factors between indigenous and non-indigenous
populations. The main risk factor for indigenous community
is history of infected mother. Thus, the necessity of
incorporating hepatitis B screening into the current practice
of antenatal HIV screening, specifically targeting the
indigenous community, should be given consideration.

KEYWORDS:
Hepatitis B, indigenous peoples, risk factors

INTRODUCTION

Hepatitis B infection poses a major global public health
challenge, leading to the development of chronic liver
diseases such as cirrhosis and hepatocellular carcinoma,
resulting in an estimated 820,000 deaths each year.! Despite
its highly infectious nature, this disease is preventable

through vaccination, screening and the implementation of
harm reduction programmes.?

The transmission of hepatitis B occurs through four main
routes, namely perinatal, percutaneous, sexual and close
person-to-person contact, often facilitated via open cuts and
sores.® In areas with a high prevalence of infection, vertical
transmission is believed to be the primary mode of
transmission.*

Over the years, Malaysia has made outstanding progress in
reducing the prevalence of hepatitis B infection within its
general population. From an intermediate seroprevalence
rate of 5.2% in the 1990s,° the country has achieved a
remarkable decline, with current rates ranging between
1.1%° and 1.7%.” Despite this, the indigenous population in
Malaysia continues to face a considerable burden of hepatitis
B infection, with high seroprevalence rates of 8.7%° and
10.3%.°

The higher prevalence of hepatitis B among indigenous
populations compared to the general population is a well-
known phenomenon. Similar trends have been observed in
other countries as well. For instance, in Australia, the
seroprevalence of hepatitis B virus among indigenous
Australians is reported to be 6.1%, significantly higher than
the rate of 1.6% among non-indigenous Australians.”
Likewise, high endemicity of hepatitis B infection has been
found among certain indigenous communities in Mexico and
Venezuela in Latin American countries."

In the general population, hepatitis B cases predominantly
occur among Malay males aged between 20 and 40 years,
with intravenous drug abuse being the main transmission
route.® However, there is a scarcity of research exploring the
risk factors for hepatitis B transmission, specifically within
the indigenous community in Malaysia. A study conducted
by Sahlan et al.® shed some light on this issue, revealing that
among the indigenous community, hepatitis B cases mostly
involve males above 35 years of age, and potential modes of
transmission include perinatal exposure, tattooing and body
piercing. However, it is important to note that this study had
a small sample size and focused solely on the Negrito tribes.

Indigenous people in the Peninsular Malaysia are classified
into three main groups: Negrito, Senoi and Proto-Malay.
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Among them, a notable proportion, accounting for 37.9%,
reside in the state of Pahang.”” As a result, Pahang is
noteworthy for having the highest number of indigenous
communities compared to other states in the Peninsular
Malaysia. The indigenous population in Pahang is estimated
to be approximately 80,924 individuals,” constituting
approximately 5% of the state’s total population.

Given the notably higher prevalence of hepatitis B infection
within the indigenous community compared to the general
population, it is postulated that there may exist distinct
patterns of transmission in contrast to the non-indigenous
population. Therefore, this study aimed to compare the key
risk factors for hepatitis B transmission between the
indigenous and non-indigenous cases.

MATERIALS AND METHODS

Study Design

This is a comparative cross-sectional study using secondary
data obtained from eNotifikasi (online infectious disease
notification system for Ministry of Health Malaysia) and
hepatitis B case investigation forms (HepB/Ix/1-2008 form)
that were available at the district health offices. These forms
were employed by the district health inspectors during field
investigations for each notified hepatitis B case in the
eNotifikasi system.

Locations and Study Population

The study was conducted in four district health offices,
namely Rompin, Pekan, Kuala Lipis and Temerloh. These
districts were selected because they have the highest number
of indigenous population within the state. Data collection for
the study was carried out in June 2023. The study population
comprised individuals diagnosed and reported with hepatitis
B infection in the state of Pahang, while the sampling frame
consisted of hepatitis B infection cases reported in the
eNotifikasi system within the four selected districts from the
year 2018 to 2022.

Data Collection and Sampling Strategy

The inclusion criteria were individuals in the four selected
districts who were registered as having hepatitis B based on
eNotifikasi system between the year 2018 and 2022 with
positive hepatitis B surface antigen (HbsAg). This was based
on the Ministry of Health’s Case Definitions for Infectious
Diseases in Malaysia," which defined a confirmed chronic
hepatitis B case as the presence of HbsAg in the patient’s
blood for a duration of more than 6 months. However,
considering the challenges in accurately determining the
exact duration of positive HbsAg, the criterion for chronic
illness was simplified to include individuals who tested
positive for HbsAg alone, as suggested by Terrault et al.?

Exclusion criteria encompassed non-Malaysian individuals,
cases lacking an investigation form and cases with
incomplete data specifically pertaining to hepatitis B
vaccination status and risk factors.

The relevant information, such as hepatitis B immunisation

status and risk factors for hepatitis B infection, was extracted
from the investigation forms. In cases where multiple risk
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factors were reported, all of these factors were included in the
analysis.

Initially, this study intended to classify the cases into two
groups: indigenous and non-indigenous, followed by random
sampling method. However, during the data collection
phase, it became apparent that a significant number of
randomly selected subjects did not meet the inclusion and
exclusion criteria, particularly concerning the availability of
investigation forms. As a result, the cases were still
categorised into two groups, but the sampling strategy
subsequently shifted to universal sampling, involving the
examination of all hepatitis B investigation forms available
at the district health offices.

Sample Size

The sample size for this study was determined using OpenEpi
software version 3.01. The calculation took into account the
prevalence rates of hepatitis B infection in both the general
population and the indigenous population in Pahang. The
prevalence of hepatitis B infection in the general population
(1.7%) was derived from the National Health and Morbidity
Survey (NHMS) 20207, while the prevalence among the
indigenous population in Pahang (10.3%) was obtained from
the study by Mohd Firdaus et al.’

To achieve a statistical power of 80% and a significance level
(alpha) of 0.05, a sample size of 240 was initially calculated.
Considering a potential 20% rate of missing data, the
minimum required sample size for this study was adjusted to
288 (144 for each group).

Data Analysis

The collected data was entered into SPSS software version

28.0 for analysis. The investigation forms identified multiple

risk factors for hepatitis B infection, which were regrouped in

this study to facilitate analysis. The final classification of the

risk factors for the transmission is as follows:

i) Infected mother—refers to cases where the mother has a
reported history of hepatitis B infection

ii) Infected spouse/partner—refers to cases where the
spouse/partner has a reported history of hepatitis B
infection

iii) History of medical procedures—any history of healthcare
procedure, such as surgery, dental treatment, blood
transfusion and haemodialysis®

iv) History of percutaneous exposure—any history of process
that involves puncturing through the skin, such as
acupuncture, tattooing and body piercing®

v) Sharing syringes—refers to a history of sharing syringes
and/or needles while intravenously administering illegal
substances

vi) Multiple sexual partners—refers to a history of engaging
in high-risk sexual practices involving multiple partners

A comparison of socio-demographic characteristics and risk
factors for hepatitis B infection between the two groups was
conducted using independent chi-squared tests and t-tests.
Subsequently, binary logistic regression was performed to
compare the risk factors for hepatitis B infection between
indigenous and non-indigenous cases, while adjusting for
age at diagnosis and hepatitis B vaccination status, which
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Table I: Comparing the socio-demographic characteristics for hepatitis B transmission between the indigenous and non-indigenous
cases in four districts in Pahang, 2018- 2022 (n = 285)

Indigenous Non-indigenous Total p value
(n = 141) (n = 144) (n = 285)
n (%)* n (%)* n (%)°
Sex Male 65 (46.1) 81 (56.3) 146 (51.2) 0.087
Female 76 (53.9) 63 (43.8) 139 (48.8)
Age at diagnosis (years): 34.4 (16.5) 47.5 (16.5) 41.0 (17.8) <0.001
Area of residence Urban 1(0.7) 42 (29.2) 43 (15.1) <0.001
Rural 140 (99.3) 102 (70.8) 242 (84.9)
Districts Rompin 86 (61.0) 62 (43.1) 148 (51.9) <0.001
Pekan 48 (34.0) 38 (26.4) 86 (30.2)
Kuala Lipis 7 (5.0) 16 (11.1) 23 (8.1)
Temerloh 0 (0.0) 28 (19.4) 28 (9.8)
No hepatitis B vaccination 102 (72.3) 125 (86.8) 227 (79.6) 0.002

*Within the indigenous or non-indigenous group.
*Within total sample.
‘Mean (SD).

Table Il: Comparing the risk factors for hepatitis B transmission between the indigenous and non-indigenous cases in four districts
in Pahang, 2018 — 2022 (n = 285)

Risk factors Indigenous Non-indigenous Total® p value
(n = 141) (n = 144) (n = 285)
n (%)* n (%)*
Infected mother 84 (59.6) 45 (31.3) 129 (45.3) 0.002
History of percutaneous exposure 17 (12.1) 11 (7.6) 28 (9.8) 0.210
Multiple sexual partners 9 (6.4) 15 (10.4) 24 (8.4) 0.220
Infected spouse/partner 11 (7.8) 5 (3.5) 16 (5.6) 0.112
Sharing syringes 3(2.1) 13 (9.0) 16 (5.6) 0.011
History of medical procedures 2(1.4) 10 (6.9) 12 (4.2) 0.020
Undetermined 28 (19.9) 53 (36.8) 81 (28.4) 0.002

*Within the indigenous or non-indigenous group.
*Within total sample.

Table Ill: Comparing the risk factors for hepatitis B infection between the indigenous and non-indigenous cases, adjusted for age at
diagnosis and hepatitis B vaccination status, in four districts in Pahang, 2018-2022 (n = 285)

Mode of transmission Indigenous vs non-indigenous

3 S.E. Wald df p value | Adjusted OR* | 95% CI OR
Infected mother 0.89 0.30 8.87 1 0.030 2.45 1.36, 4.40
History of percutaneous exposure 0.57 0.46 1.52 1 0.218 1.77 0.72,4.37
Multiple sexual partners -0.17 0.50 0.12 1 0.727 0.84 0.32,2.23
Infected spouse/partner 1.06 0.59 3.28 1 0.070 2.90 0.92, 9.17
Sharing syringes -1.19 0.69 2.96 1 0.085 0.31 0.08, 1.18
History of medical procedures -1.02 0.82 1.54 1 0.215 0.36 0.07, 1.81

OR = odds ratio.
*Adjusted for age at diagnosis and hepatitis B vaccination status.

were identified as statistically significant confounding
factors. A p-value of less than 0.05 was considered
statistically significant, and consequently, adjusted odds
ratios (OR) with 95% confidence intervals (CI) were
calculated.

Ethics Approval

This study received approval from both the Faculty Ethics
Review Committee, Faculty of Medicine, MARA University of
Technology (UiTM), and the Medical Research and Ethics
Committee, Ministry of Health Malaysia. All procedures
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conducted during this study strictly adhered to the guidelines
set forth by the International Conference on
Harmonisation—Good Clinical Practice (ICH-GCP), the
Malaysia Good Clinical Practice Guidelines and the
principles outlined in the Declaration of Helsinki.

The patients’ information was securely stored in a password-
protected electronic file on a personal computer accessible
only to authorised researchers. To ensure additional security
measures, no printed copies of the information were made,
maintaining its exclusive digital format.
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Fig. 1: Flow diagram of sampling.

RESULTS

Between 2018 and 2022, a total of 655 hepatitis B cases were
registered in the four districts of Pahang. Among these cases,
566 were identified as Malaysians. After applying other
exclusion criteria (a lack of an investigation form or
incomplete data on the investigation form), 285 cases (141
indigenous and 144 non-indigenous cases) remained and
were therefore included in the final analysis of this study

(Fig.1).

The mean age for all cases was 41.0 (17.8) years. The
indigenous group had a younger age profile, with individuals
averaging 34.4 (16.5) years, while the non-indigenous group
had an older mean age of 47.5 (16.5) years. The majority of
the cases (84.9%) resided in rural areas, with the indigenous
group almost exclusively located in rural areas (99.3%). In
contrast, only 70.8% of non-indigenous cases resided in rural
areas (Table I).

A notable proportion (79.6%) has not received prior hepatitis
B vaccination. Specifically, 72.3% of indigenous cases and
86.8% of non-indigenous cases reported no history of
hepatitis B vaccination. Of these cases, 45.3% reported a
history of their mother being infected with hepatitis B, while
9.8% reported a history of percutaneous exposure. Other
factors reported included multiple sexual partners (8.4%) and
sharing syringes or having infected partners (both 5.6%)
(Table II).
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Table III presents the odds ratios and corresponding 95%
confidence intervals, adjusted for age at diagnosis and
vaccination status, of the risk factors for hepatitis B infection.
The odds for those with a history of an infected mother being
indigenous group is 2.5 times (95% CI: 1.4-4.4) compared to
the odds of those with a history of an infected mother being
non-indigenous group.

DISCUSSION

In the socio-demographic findings of this study, a remarkable
13-year gap emerged between the two groups, indicating that
indigenous cases were diagnosed at an earlier age. This
difference could be linked to the pilot implementation of
universal hepatitis B screening among pregnant women in
Pahang since 2019, as part of the National Strategic Plan For
Hepatitis B And C 2019-2023.%* This initiative likely led to
intensified contact tracing and screening efforts, especially
among the younger family members, such as husbands and
children. Given the presumption that vertical transmission is
more prevalent in the indigenous people, it is possible that
the detection of positive cases among their younger
generation is higher. Nevertheless, the statistical analysis for
this study has been appropriately adjusted for age.

Moreover, almost all indigenous individuals in this study
were found to reside in the rural areas. This pattern is likely
a reflection of cultural ties, consistent with findings from a
study among indigenous people in Australia, which
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demonstrated a stronger cultural attachment among those
living in the remote areas." Similar observations were noted
in Malaysia, where the unique customs and taboos of some
indigenous groups were found to be significantly influenced
by the remoteness of their settlements.” Since the 1980s,
resettlement programmes have been implemented in
Malaysia to facilitate the provision of public utilities and
amenities, as well as to improve the socio-economic profile of
the indigenous people,” but the locations of these
resettlements have been concentrated in the rural areas.
However, in more recent times, the impact of modernisation
has emerged as a factor contributing to the erosion of cultural
beliefs among these communities,"”** potentially signalling a
shift in this residential trend in the future.

Our study found that a substantial proportion (79.6%) of
hepatitis B cases were found to have no history of prior
hepatitis B vaccination. Other notable risk factors for the
infection included having an infected mother (45.3%),
percutaneous exposure (9.8%), having multiple sexual
partners, sharing syringes and having infected spouses or
partners. Most of these findings differ from the NHMS 2020,
which indicated a higher prevalence of histories of medical
procedures (dental and surgical procedures) associated with
hepatitis B infection among the general population.® It is
also noteworthy to highlight that in NHMS 2020, zero
respondent reported any history of unsafe sexual practices or
injectable substance use. The only common similarity
observed between NHMS 2020 and this study is the presence
of a family history of hepatitis B and percutaneous exposure
as the risk factors for hepatitis B infection.

These variations can be attributed to differences in
methodology. The NHMS 2020 utilised multistage random
sampling from the general population, specifically adult
populations aged 15 and above,’”! encompassing both
healthy participants and those with hepatitis B. In contrast,
our study’s sample population specifically concentrated on
individuals diagnosed with hepatitis B infection.
Additionally, the NHMS 2020 employed self-administered
questionnaires to assess participants’ risk factors,” whereas
our study relied on investigation forms completed by health
inspectors who performed face-to-face interviews with the
patients. Moreover, as the NHMS 2020 was conducted
nationally,” unlike our study which focused solely on one
East Coast state in the Peninsular Malaysia, it is likely that
there are disparities in demographic characteristics, socio-
economic conditions and healthcare infrastructures among
these diverse populations.

Our study found that the risk factors of hepatitis B
transmission between the indigenous and non-indigenous
population are different. Among the indigenous population,
mother-to-child transmission is a significant risk factors as
compared to non-indigenous population. This is consistent
with previous research conducted in Malaysia® and
Australia,”? which also identified vertical transmission as a
primary mode of hepatitis B transmission among aboriginal
communities. The high prevalence of hepatitis B among the
indigenous population likely contributes to the heightened
risk of vertical transmission.* Additionally, limited access to
preventive interventions might exacerbate this issue. A
systematic review by Akter et al.” suggested that the
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indigenous women in lower- and middle-income countries
face challenges in accessing maternal healthcare services due
to culturally insensitive intervention programmes, along with
financial and logistical barriers. Similar phenomenon has
also been observed in Malaysia, where the indigenous
community experiences unequal accessibility to healthcare
services.”*

Contrary to Sahlan et al.?, this study discovered that
percutaneous exposure, such as tattooing or body piercing, is
not a significant risk factor for hepatitis B infection among
indigenous population as compared to non-indigenous
population. This discrepancy may be attributed to variations
in the indigenous populations studied. Sahlan et al.® focused
on the Negrito tribe (Bateq and Mendriq), whereas this study
primarily involved the Proto-Malay tribe (Jakun) in Rompin
and Pekan districts and the Senoi tribe (Semai) in Kuala Lipis
district, with only a small proportion of the Negrito tribe
(Bateq) in Kuala Lipis. Further research is required to
comprehend the prevailing trends of tattooing or body
piercing within the indigenous population, particularly
among the younger generation.

In addition, a cross-sectional study on indigenous
populations in Peru highlighted sexual contact as a
significant risk factor for hepatitis B infection,” which was
not observed in this study. This disparity may stem from the
differences in the study design. While our study sample
population focused exclusively on individuals diagnosed
with hepatitis B, the Peru study included both healthy
participants and those with hepatitis B. Furthermore,
substantial variations in socio-economic conditions,
healthcare infrastructures, and cultural practices likely exist
between Peru and Malaysia, potentially influencing the
observed differences in risk factors across these populations.

Recognising the distinct pattern of risk factors for hepatitis B
infection among the indigenous population, it is important
to adopt targeted strategies in an effort to address this issue.
This is in line with WHO’s recommendation that indigenous
people need tailored approaches in the prevention, care and
treatment of hepatitis B infection.? Therefore, it is
recommended to implement perinatal hepatitis B screening
programme specifically targeting the indigenous community.
Additionally, once a hepatitis B infection is diagnosed,
appropriate interventions and treatments for both the
mothers and their children should be promptly administered,
such as immunoprophylaxis with hepatitis B
immunoglobulin and antiviral treatment.”

Strengths and Limitations

This is the first study comparing the risk factors for hepatitis
B transmission between the indigenous and non-indigenous
groups in Malaysia. This study’s strength lies in the more
reliable data on the risk factors for hepatitis B transmission
since the investigations were conducted by health inspectors,
who were presumed to possess a deep understanding of the
local culture and norms, through face-to-face interviews with
the cases. Furthermore, the risk factors analysed in this study
were adjusted for age and hepatitis B vaccination status, thus
accounting for potential confounding variables to provide a
more accurate understanding of the situation.
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One limitation of this study is the reliance on secondary data,
which consisted of readily available information only. This
constraint restricts the study’s ability to address additional
questions that may be of interest to the researchers.
Regarding data collection, it is important to acknowledge
that the quality of the data depended heavily on the
competence and experience of the health inspectors
performing the investigations. Without proper systematic
pre-data collection training similar to other research utilising
primary data, the standardisation of the interview process
could not be guaranteed, increasing the risk of interviewer
bias.

Another aspect contributing to the study’s limitations is the
exclusion of cases, specifically, 38.7% of indigenous cases
and 57% of non-indigenous cases were not included due to
missing investigation forms or incomplete data, which may
potentially give rise to selection bias. As a result, universal
sampling method was employed to mitigate selection bias
and enhance the validity of this study.

CONCLUSION

Significant differences exist in hepatitis B risk factors between
indigenous and non-indigenous populations. The main risk
factor for indigenous community is the history of infected
mother. Therefore, the necessity of incorporating hepatitis B
screening into the current practice of antenatal HIV
screening, specifically targeting the indigenous community,
should be given consideration. In addition, it is essential to
maximise the coverage of hepatitis B vaccination to
effectively address the transmission risk within these
communities.
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ABSTRACT

Introduction: Diffusion-weighted imaging (DWI) in magnetic
resonance imaging (MRI) has been proposed as the first line
of neuroimaging for acute ischaemic stroke. The reliability
of DWI in detecting intracranial haemorrhage, however, is
still unproven, compared with susceptibility-weighted
imaging (SWI) and CT scan which being considered the gold
standard. This study seeks to establish the reliability of DWI
as a first-line imaging modality to detect the intracranial
haemorrhage in the patients present within the thrombolysis
window.

Materials and Methods: A retrospective cross-sectional
analysis was performed on patients who presented to our
institution from April 2020 until July 2021 for acute stroke
and had MRI brain as first-line neuroimaging. A total of 31
subjects were included in this study. Two radiologists
assessed the signal patterns in DWI sequence and
compared them with SWI and CT Brain, whenever available,
as the gold standard for observing the presence of
intracranial haemorrhage.

Results: The majority of patients with hyperacute bleed
proven to be revealed on SWI or CT, thus showed
characteristics of central hyperintensity and peripheral
hypointense rim, on DWI. Slightly more than half (51.6%)
presented with mild to moderate NIHSS scores (1-15). The
sensitivity, specificity, positive predictive value and negative
predictive value of DWI in detecting intracranial intra-axial
haemorrhages were exceptionally high. There is strong
interobserver level of agreement in identifying central
haemorrhagic signal intensity [kappa = 0.94 (0.06), p < 0.05].

Conclusion: This study supported the DWI sequence as a
reliable sequence in MRI, to detect intracranial haemorrhage
in hyperacute stroke.

KEYWORDS:
Acute stroke; haemorrhagic; magnetic resonance imaging;
diffusion-weighted imaging

INTRODUCTION

Haemorrhage accounts for 15-30% of hyperacute stroke,
rapid neuroimaging is readily available in many centres and
advocated in many recommendations.* To ensure a safe and
optimal acute management, it is critical to exclude the
intracranial haemorrhage, where intravenous thrombolysis
and mechanical thrombectomy are contraindicated.** Non-
contrasted computed tomography (CT) and magnetic
resonance imaging (MRI) are effective tools to exclude
intracranial haemorrhage in hyperacute stroke. Although
more than 90% of centres are using CT as the first line of
neuroimaging, there are now more centres adopting an MRI-
first policy in hyperacute stroke.”®

Diffusion-weighted imaging (DWI) provides a more accurate
measure of infarct core volume, which is valuable as the first
sequence in hyperacute stroke. However, the DWI is not
routinely used to evaluate haemorrhage. Kang et al.’
described the signal intensity of hyperacute haemorrhage as
observed on the DWI as hyperintense core and focal areas of
variable hypointensity. These are consistently found in all
patients with hyperacute haemorrhage. According to the
authors, the hypointense areas are not caused by
susceptibility artefact due to paramagnetic substances such
as intracellular deoxyhemoglobin or methaemoglobin but
may be related to the T2 shine-through effect caused by
vasogenic oedema surrounding the haematoma.’

Our centre is a newly established teaching hospital which
adopted the MRI-first policy for hyperacute stroke using the
Putra Acute Stroke. This study was performed to share early
experience conducting the reliability of DWI as the first
sequence to detect the intracranial haemorrhage in MRI on
acute stroke patients who presented within the thrombolysis
window.

MATERIALS AND METHODS

The retrospective data were collected from our acute stroke
registry. All cases presented within the acute stroke treatment
window and triggering the stroke code who had MRI as the
first neuroimaging were then evaluated. All cases that
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Email: asobri@upm.edu.my
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Fig. 1: DWI shows central hyperintensity with surrounding
hypointensity rim with the outer hyperintense rim in b-
1000 and ADC, representing oedema (arrows).
Comparison to SWI and CT of the same patient.

underwent MRI using Philips Ingenia 3.0 Tesla by employing
the Putra Acute Stroke protocol.”

Putra Acute Stroke Protocol for acute stroke consists of three
main sequences: diffusion-weighted imaging (DWI), Fluid
Attenuated Inversion Recovery (FLAIR), and MR angiography
(time of flight). Additional sequences were also applied,
which include susceptibility-weighted imaging (SWI),
Perfusion imaging and BB (Black Blood) post-contrast, when
necessary. The decision for treatment is usually achieved
after the third sequence and IV thrombolysis will be given
inside the MRI room if indicated. Thrombolysis will not be
given if the initial sequence shows a haemorrhagic lesion on
the DWL

Two radiologists with at least 5 years of experience in general
radiology reviewed all the MRI images. Each observer
documented the demographic data, National Institute of
Health Stroke Scale (NIHSS) score, characteristic appearance
of the haemorrhagic lesion on DWI, ADC value and
compared with SWI or CT Brain, whichever is available.
Intra-observer agreements were calculated for the
appearance of suspected haemorrhage on the DWI by
correlating the findings with the SWI sequence. Observers
were blinded to the patient’s identity and MRI report. The
intra-observer reliability and agreement were tested by
Kappa coefficient statistical test.

RESULTS

There were a total of 345 patients who presented with
hyperacute stroke from April 2020 to July 2021. In this study,
281 cases with ischaemic stroke, transient ischaemic stroke,
or normal findings, and further 14 cases of stroke mimics
were excluded. Another 11 patients who had extra-axial
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Fig. 2: Another hyperacute haemorrhagic stroke patient with
left basal ganglia bleed, showing similar central
hyperintense area with surrounding hypointense rim
(arrows). Comparison to SWI and CT brain of the same
patient.

haemorrhages and microhemorrhages were also excluded.
The remaining 39 subjects had a haemorrhagic stroke with
SWI confirming the presence of haemorrhages. However,
eight subjects presented beyond thrombolysis windows from
the onset, and thus were excluded. Only a total of 31 patients
were included in this study.

Of the 31 patients with haemorrhagic stroke included in this
study, the majority were men (81%) and the mean age was
58.1 years (95% of patients were 34.7- 81.5 years old).
Sixteen patients (51.6%) presented with mild to moderate
NIHSS scores (1-15). A majority (65%) of intra-axial
haemorrhagic lesions occurred within the basal ganglia,
followed by the cerebral cortex (25%) and the posterior fossa
(10%).

The features in the DWI were variable intensities of the
central area with peripheral hypointense rim and outer rim
of oedema. The signal intensity was classified as either
predominantly  hyperintense or hypointense, or
heterogeneous. There is a very high agreement among the
observers, who noted that most subjects (58%-61%)
demonstrated hyperintense central area while a significant
percentage of the subjects (25-29%) showed hypointense
central area. Nearly all subjects demonstrated peripheral
hypointensity (96.8%) with the remaining being
heterogeneous.
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There was excellent percentage agreement (100%)
demonstrated between the two radiologists in terms of
identifying and localising the haemorrhage, based on the
DWI sequences (b-1000 and ADC) in comparison to the SWI.

DISCUSSION

CT scan is still a preferred imaging technique to rule out the
haemorrhage in hyperacute stroke. Few authors studied the
feasibility of DWI versus conventional imaging in assessing
the intracranial haemorrhage.®”*'* DWI detects the restricted
diffusion resulting from cell death, which includes
haemorrhagic changes.”" The T2 effect contributed to the
DWI signal due to the presence of paramagnetic
haemoglobin  by-products, deoxyhaemoglobin and
methaemoglobin."

In acute haematoma, DWI typically shows a markedly
hyperintense core due to the paramagnetic effect of
intracellular deoxyhemoglobin and methaemoglobin and a
thin markedly hypointense rim (Fig. 1). From this study, the
authors concluded that DWI is more accurate in detecting,
characterising and staging the hyperacute, medium and
large-sized acute and early subacute haemorrhages. DWI,
however, is not sensitive in characterising the small
haemorrhages, which, in other gradient echo sequences like
SWI or GRE as necessary.” Kang et al.’ also supported the
findings of central hyperintensity representing diamagnetic
oxyhaemoglobin and a peripheral hypointense rim
representing early conversion to  paramagnetic
deoxyhemoglobin in the hyperacute haematomas.

In this study, DWI demonstrated three main components in
haemorrhagic stroke, central area of hyperintensity with a
small percentage of heterogeneous central intensities,
surrounding peripheral rim of hypointensity and outer rim of
peripheral oedema. All cases in this study concurred with the
SWI, and some cases corresponded well with the CT, in
confirming the presence of haemorrhage (Fig. 2). This
experience demonstrated that the DWI features are vivid and
easily differentiated, which may not require a very
experienced neuroradiologist to elicit the findings of
haemorrhagic stroke. Despite SWI or GRE sequences being
used as the gold standard to detect hemorrhagic stroke in
MRI, this study supported the notion that DWI has high
sensitivity and specificity in order to identify the
haemorrhage in hyperacute stroke.

LIMITATIONS

Small retrospective series of only 31 subjects without
validation against the gold standard are among the
limitations of this study. However, we believe this series will
give useful insights to your esteemed readers.

CONCLUSIONS

In the acute stroke imaging procedure, DWI with ADC may
be a viable substitute for CT to rule out hemorrhagic stroke.
This study also demonstrated that the MRI-first policy for
hyperacute stroke patients won't affect the ability to identify
hemorrhagic stroke patients.

892

ACKNOWLEDGMENTS

The authors would like to acknowledge Farid Bajuri (ORCID
iD: 0000-0003-1517-7282) from the Department of Aerospace
Engineering, Faculty of Engineering, Universiti Putra
Malaysia, 43400, Serdang, Selangor, Malaysia on the
formatting and arrangement of the manuscript.

REFERENCES

1. Aziz ZA, Lee YYL, Ngah BA, Sidek NN, Looi I, Hanip MR, et al.
Acute Stroke Registry Malaysia, 2010-2014: Results from the
National Neurology Registry. Journal of stroke and
cerebrovascular diseases : the official journal of National Stroke
Association [Internet]. 2015 [cited 2019 May 19];24(12):2701-9.
Available from:
https://www.ncbi.nlm.nih.gov/pubmed/26338106

2. Neelamegam M, Looi I, Cheah WK, Narayanan P, Abdul Hamid
AM, Ong LM. Stroke incidence in the South West District of the
Penang Island, Malaysia. Preventive Medicine. 2013;57:577-9.

3. Loo KW, Gan SH. Burden of Stroke in Malaysia. International
Journal of Stroke [Internet]. 2012 Jan 20 [cited 2019 Jul
71;7(2):165-7. Available from:
http://www.medic.usm.my/images/files/pub-
march/mac_cited05%20.pdf

4. Malaysian Society of Neurosciences, Clinical Practice Guidelines:
Management of Ischaemic Stroke (3rd edition). CVNS 2021; 3: 1-
155.

5. Chia PK, Mohamad NA, Inche Mat LN, Itam@Ismail I, Yusof
Khan AHK, Loh WC, et al. Regional Emergency Stroke Quick-
Response (RESQ) Network: A Proposed Paradigm of Malaysia
Stroke Care Services. Malaysian ] Med Health Sci 2020; 16: 353-
61.

6. Vilela P, Rowley HA. Brain ischemia: CT and MRI techniques in
acute ischemic stroke. European Journal of Radiology. 2017; 96:
162-72.

7. Provost C, Soudant M, Legrand L, Ben Hassen W, Xie Y, Soize S,
et al. Magnetic Resonance Imaging or Computed Tomography
Before Treatment in Acute Ischemic Stroke. Stroke [Internet].
2019 Mar [cited 2020 Jan 28]; 50(3): 659-64. Available from:
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.118.
023882

8. Selling C, Mahmoud Ashkanian, Hjort N, Carsten Gyldensted,
Andersen G, @stergaard L. Feasibility and logistics of MRI before
thrombolytic treatment. Acta Neurologica Scandinavica. 2009;
120(3): 143-9.

9. Kang BK, Na DG, Ryoo JW, Byun HS, Roh HG, Pyeun YS.
Diffusion-Weighted MR Imaging of Intracerebral Hemorrhage.
Korean Journal of Radiology [Internet]. 2001 Dec 31 [cited 2023
May 8];2(4):183-91. Available from:
https://synapse.koreamed.org/articles/1027489

10. Muda AS, Kamis MFAK, Mohd Yaakob MN, Abdul Rahim E,
Mahmood MK, Md Noh MSF, et al. Putra acute stroke protocol.
CVNS 2021; 3: 12-4.

11. Cavusoglu M, Duran S, Sézmen Ciliz D, Tufan G, Hatipoglu
Cetin HG, Ozsoy A, et al. Added value of diffusion-weighted
magnetic resonance imaging for the diagnosis of perianal fistula.
Diagnostic and Interventional Imaging [Internet]. 2017 May
[cited 2020 Apr 20];98(5): 401-8. Available from:
https://isiarticles.com/bundles/Article/pre/pdf/148544.pdf

12. Whang JS, Kolber M, Powell DK, Libfeld E. Diffusion-weighted
signal patterns of intracranial haemorrhage. Clin Radiol. 2015
Aug;70(8):909-16. doi: 10.1016/j.crad.2015.04.006. Epub 2015
Jun 4. PMID: 26050534.

13. Fiebach JB, Schellinger PD, Gass A, Kucinski T, Siebler M,
Villringer A, et al. Stroke Magnetic Resonance Imaging Is
Accurate in Hyperacute Intracerebral Hemorrhage. Stroke. 2004
Feb; 35(2): 502-6.

Med | Malaysia Vol 78 No 7 December 2023



ORIGINAL ARTICLE

Demographics and characteristics of endoscopic findings
among COVID-19 patients with upper gastrointestinal

bleeding in a single centre

Mohamed Amin Kader, MMed', Tang Yuan Chin, MRCP”?

"Department of Medicine, Hospital Sultanah Nora Ismail, Batu Pahat, Johor, Malaysia, *Department of Gastroenterology and

Hepatology, Hospital Selayang, Selangor, Malaysia

ABSTRACT

Introduction: Novel coronavirus 19 disease (COVID-19)
pandemic poses healthcare providers challenges in the
endoscopic suite. It is unclear whether it affects the
endoscopic manifestations of upper gastrointestinal (Gl)
bleeding. This retrospective study was done to review
demographic data, site of lesions and need of interventions
for those lesions.

Materials and Methods: Oesophagoduodenoscopy (OGDS)
reports of COVID-19 patients with indication of upper Gl
bleeding from March 2021 to April 2022 were reviewed. Data
of 35 patients were then analysed.

Results: Of the 35 patients, 8.6% (n = 3) were female and
91.4% (n = 32) were males. A total of 31.4% (n = 11) were
below 50 years and 68.6% (n = 24) were 50 and above. 34.3%
(n = 12) with lesions requiring endoscopic intervention,
34.3% (n = 12) with lesions not requiring endoscopic
intervention, 31.4% (n = 11) has no significant stigmata of
recent haemorrhage. Among subgroup requiring
endoscopic intervention, 50% (n = 6) are non-variceal
bleeding (NVUIB), and 50% (n = 6) are variceal bleeding
(VUGIB). Among NVUGIB, 16.7% (n = 1) is gastric and
duodenal angiodysplasia requiring argon plasma
coagulation, 50% (n = 3) are duodenal F2A ulcer requiring
thermoablation, 16.7% (n = 1) is gastric F2A ulcer requiring
hemoclip, and 16.6% (n = 1) is Cameron’s ulcer requiring
hemoclip. Among VUGIB, 100% (n = 6) are oesophageal
varices requiring endoscopic variceal banding (EVL).

Conclusions: Lower proportion of NVUGIB among COVID-19
patients raises hypothesis on whether prothrombotic state
of COVID-19 is a protective factor of NVUGIB. Studies with
larger sample size are needed to establish significance.

KEYWORDS:
COVID-19; upper gastrointestinal bleeding; endoscopic findings

INTRODUCTION

The novel coronavirus 19 disease (COVID-19) was initially
described to have started at the Wuhan province, China in
December 2019.' What initially started as a national problem
quickly evolved into a global pandemic which still has dire

consequences till now.? The COVID-19 disease causes a range
of symptoms. From being asymptomatic till it causes fever,
diarrhoea, anosmia, myalgia, arthralgia till causing
multiorgan failure and death.* The COVID-19 too has been
described to cause a variety of gastrointestinal (GI)
symptoms. Recent evidence suggests that COVID-19 patients
have an increased risk to develop venous thromboembolism
disorders.** Hence, thromboprophylaxis may be needed in
these patients to prevent it. This in turn causes a variety of
side effects especially in terms of upper gastrointestinal
bleeding (UGIB). A proportion of patients with a severe course
of COVID-19 disease are also exposed to stress ulcers which in
turn can also cause UGIB.

Routinely UGIB including non-variceal upper gastrointestinal
bleeding (NVUGIB) and variceal upper gastrointestinal
bleeding (VUGIB) are managed endoscopically after
stabilisation within 24 hours, as suggested by the recent
European Society of Gastrointestinal Endoscopy (ESGE)
guidelines." However in these patients especially with the ill
COVID-19 patients, the risk of cardiopulmonary
complications needs to be addressed too. Thus, proper
resuscitation, stabilisation and timing of endoscopy are
crucial for these patients.

The aim of this study is to review demographic data, site of
the UGIB lesions and need for intervention in those lesions in
Hospital Kuala Lumpur (HKL) which is the national tertiary
centre for Malaysia. To date, this would be the first study to
assess UGIB in COVID-19 patients in HKL.

MATERIALS AND METHODS

Oesophagoduodenoscopy (OGDS) reports of COVID-19
patients with indication of UGIB from March 2021 to April
2022 were reviewed. Data of 35 patients were then analysed.
These indications include signs and symptoms of overt UGIB
such as malaena, haematemesis, significant drop in
haemoglobin (>2g/dl), presence of blood or coffee ground in
the Ryles tube aspirate. Patients who were confirmed to have
COVID -9 disease either by a nasopharyngeal swab
polymerase chain reaction (PCR) or rapid test kit-antigen
(RTK-Ag) were then included in this study. These patients
were then scoped within Day 1 to Day 7 of the COVID-19
illness. The OGDS were performed either in the endoscopy
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Table I: Forrest classification for gastroduodenal ulcers

Stage Characteristics
la Spurting haemorrhage
Ib Oozing haemorrhage
lla Visible vessel
Ilb Adherent clot
Il Black spot in ulcer crater
m Clean base ulcer
Table Il: Demographic characteristics of patients with COVID-19 and UGIB
Variables Number Percentage
Gender
Male 32 91.4%
Female 3 8.6%
Age
Below 50 1 31.4%
50 and above 24 68.6%
SRH
Needing intervention 12 34.3%
Not needing intervention 12 34.3%
No SRH 1 31.4%

UGIB-upper gastrointestinal bleeding; SRH-stigmata of recent haemorrhage

Table lll: UGIB requiring intervention

Variables Number Percentage
Bleeder requiring intervention (n = 12)
NVUGIB 6 50%
VUGIB 6 50%
NVUGIB (n = 6)
Angiodysplasia needing argon plasma coagulation 1 16.7%
Duodenal ulcer needing thermoablation 3 50%
Gastric ulcer needing hemoclip 1 16.7%
Cameron's ulcer needing hemoclip 1 16.6%
VUGIB (n = 6)
OV needing banding 6 100%

UGIB-upper gastrointestinal bleeding; NVUGIB-non-variceal upper gastrointestinal bleeding; VUGIB- variceal upper gastrointestinal bleeding; OV-

oesophageal varices

suite or at bedside OGDS. The exclusion criteria were patients
younger than 18 years of age, pregnant or moribound from
terminal course of COVID-19 patients and those with lower
gastrointestinal bleeding (LGIB) were excluded from this
study.

If needed, the upper GI endoscopy was then performed by
experienced endoscopist with a standby endoscopy team
available 24 hours. The endoscopy team wore proper
personal protective equipment (PPE) during the endoscopic
procedure. The endoscopic findings of NVUGIB were then
classified according to Forrest classification for
gastroduodenal ulcers. Forrest classifications are detailed in
Table 1.

Gastroduodenal ulcers with active bleeding (Forrest Ia, Ib, Ila)
and active oesophageal variceal bleeding (active or recent
stigmata of recent haemorrhage) were dealt with
endoscopically. All the bleeding episodes were endoscopically
managed requiring no further radiological or surgical
intervention.
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Patients demographic characteristics (gender, age below or
above 50), non-variceal or variceal UGIB were then
characterized. The findings were then analysed using SPSS
version 10.0. This research was registered in accordance with
National Medical Research Register Malaysia RSCH ID-22-
05756-W7L.

RESULTS

There was a total of 35 patients with a positive COVID-19 test
(confirmed either by a positive nasopharyngeal swab PCR or
a positive saliva test) during the study period in HKL who
manifested UGIB signs and symptoms (Table II). All of these
patients were inpatients. Signs and symptoms include
malaenic stools, haematemesis, coffee ground aspirate and
significant drop in haemoglobin (>2g/dL).

Of the 35 patients, 8.6% (n = 3) were female and 91.4% (n =

32) were males. 31.4% (n = 11) were below 50 years and
68.6% (n = 24) were 50 and above. Upper GI endoscopy was
performed after proper resuscitation and stabilization within
24 hours period from time of referral.
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Demographics and characteristics of endoscopic findings among COVID-19 patients

A total of 34.3% (n = 12) with lesions requiring endoscopic
intervention, 34.3% (n = 12) with lesions not requiring
endoscopic intervention, 31.4% (n = 11) has no significant
stigmata of recent haemorrhage. Among subgroup requiring
endoscopic intervention, 50% (n = 6) were non variceal
bleeding (NVUGIH), and 50% (n = 6) were variceal bleeding
(VUGIH). Among NVUGIH, 16.7% (n = 1) is gastric and
duodenal angiodysplasia requiring argon plasma
coagulation, 50% (n = 3) were duodenal F2a ulcer requiring
thermoablation, 16.7% (n = 1) is gastric F2a ulcer requiring
hemoclip, and 16.6% (n = 1) is Cameron’s ulcer requiring
hemoclip (Table III). Among VUGIH, 100% (n = 6) were
oesophageal varices requiring banding. All of these patients
had successful endoscopic haemostasis.

DISCUSSION

Our study is a retrospective descriptive study showing the
characteristics of endoscopic findings in COVID-19 patients
with UGIB. COVID-19, which is still an ongoing global
pandemic has had devastating outcomes both in a health
and economic perspective. Millions were infected globally
with the corona virus and thousands more had passed away.
To date, there are an over of 4 million COVID-19 cases in
Malaysia. COVID-19 can cause a variety of signs and
symptoms involving the respiratory system, venous
thromboembolism and also manifesting as gastrointestinal
manifestations.* Among these manifestations include
diarrhoea, enterocolitis and gastrointestinal bleeding.
COVID-19 patients who are admitted as inpatients are
considered high risk groups and tend to deteriorate further.*
In these patients, thromboembolism is a recognised risk
factors for upper GI bleeding. In our retrospective study, we
did not have any data in regard to the oral anticoagulants or
thromboprophylaxis the patients received.

COVID-19 patients can exhibit a variety of coagulation
abnormalities. These include hypercoagulability, thrombosis
risk and bleeding risk.* Hypercoagulability remains the more
common complication in COVID-19 as compared to
bleeding.*

Hypercoagulable state is a recognized association with
COVID-19.* The degree of hypercoagulability depends on the
systemic inflammatory response which the patient mounts.
Fibrinogen and D-dimer may be increased. Prothrombin time
(PT) and activated partial thromboplastin time (aPTT) may
be prolonged5. These patients may also exhibit a positive
lupus anticoagulant (LA).* Pathogenesis of these
abnormalities are to be yet to known.

Thrombosis risk is another complication of COVID-19. One of
it would be venous thromboembolism (VTE). VTE risk was in
the range of 5 to 10% in ICU patients and <5% in hospitalised
patients.® Risks include stroke, myocardial infarction and
pulmonary embolism.

Bleeding does happen in COVID-19 patient though not as
common as the above complications.” Incidences may vary
especially in patients who are already on anticoagulation or
thromboprophylaxis. Patients on anticoagulation either for
venous thromboembolism might be on novel oral
anticoagulants such as rivaroxaban and oral warfarin.8
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Thromboprophylaxis treatment include enoxaparin sodium
(Clexane) or subcutaneous heparin which in turn can have a
higher risk of bleeding. Another postulation for bleeding
would include thrombocytopenia. Patients with COVID-19
may develop immune thrombocytopenia (ITP) with bleeding
complication.*” Bleeding can be minor or major bleeding
such as UGIB which may eventually be life threatening if not
detected early.

UGIB is a medical emergency.” Initial measures of
resuscitation include proper airway protection, intravenous
access and fluids. Blood products needs to be cross matched
and made available as soon as possible.” Endoscopic services
with an experienced team such as the one in HKL should be
on standby and be made available once the need arises.
Ideally patients’ needs to be resuscitated and stabilised
adequately prior to endoscopy. Patients can be scoped within
a time frame of 24 hours after adequate resuscitation as per
latest guidelines statement.'®! Some of the methods used to
achieve endoscopic haemostasis include injection, thermo-
coagulation methods and by deploying hemoclips.*

One of the aims of the study is to assess the demographics of
the UGIB cases in COVID-19 patients. To date, this would be
the first study done in Malaysia evaluating the incidence and
endoscopic characterization of UGIB in COVID-19 patients. A
larger sample size will be needed to further risk stratify and
assess the risk factors of UGIB in COVID-19 patients.

This study also has limitations. The first is that this study is
retrospective, which introduces bias. Incidences of UGIB
might have been over or underestimated. Second, the
number of cases is limited and therefore a larger sample size
will be needed to assess the risk factors of UGIB in COVID-19
patients.

CONCLUSION

Thrombotic events remain the main challenge in Covid-19
patients. This demographic analysis does, however, indicate
that UGIB is still a real phenomenon and should not be
disregarded.
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ABSTRACT

Introduction: Fluoroscopic-guided transbronchial lung
biopsy (FG-TBLB) is routinely performed via bronchoscopy
to diagnose focal peripheral lesions and diffuse lung
disease. ldentifying the risk factors of FG-TBLB-related
pneumothorax can assist the operator in taking pre-emptive
measures to prepare for this potential complication.

Materials and Methods: We retrospectively analysed data
from 157 patients who underwent FG-TBLB, with the primary
outcome being procedure-related pneumothorax. We
assessed several risk factors for pneumothorax following
FG-TBLB: patient characteristics, location of biopsy,
number of biopsies and computed tomography pattern.
Univariate and multivariate logistic regression analyses
were performed.

Results: One-hundred fifty-seven patients were included
[mean (SD) age 57.9 (16.2) years; 60.5% male]. The most
common location for FG-TBLB was the right upper lobe
(n=45, 28.7%). The mean (SD) number of biopsy samples
was 6.7 (2.1). Radiographic evidence of pneumothorax was
reported in 12 (7.6%) patients, with 11 of those requiring
intercostal chest tube intervention (mean air leak time: 5.7
days and 1 had persistent air leak requiring autologous
blood patch pleurodesis. None experienced pneumothorax
recurrence. Female gender and upper lobe location of the
biopsy were identified as predisposing factors for
pneumothorax. In the multivariable analysis, upper lobe
biopsies were associated with a higher risk of
pneumothorax (OR 0.120; 95% CI 0.015-0.963; p = 0.046).

Conclusion: The overall rate of pneumothorax is low. We
recognise the increased risk of pneumothorax associated
with upper lobe biopsy. These findings suggest that
clinicians should exercise caution when performing FG-
TBLB in this region and consider alternative biopsy
locations whenever feasible. We suggest adequate planning
and preparation should be implemented to minimise the risk
of pneumothorax following FG-TBLB.

KEYWORDS:
Pneumothorax; transbronchial lung biopsy; bronchoscopy;
fluoroscopy; diffuse lung disease

INTRODUCTION

Fluoroscopic-guided transbronchial lung biopsy (FG-TBLB) is
a commonly used diagnostic procedure for evaluating
pulmonary nodules and parenchymal lung diseases. While it
is a minimally invasive procedure with a relatively low risk of
complications, pneumothorax remains a recognised and
potentially serious complication." The incidence of
pneumothorax following FG-TBLB varies widely across
studies,’ and a better understanding of the risk factors
associated with this complication is needed. This study aims
to determine the rate of pneumothorax following FG-TBLB
and identify any risk factors that may predispose patients to
this complication.

MATERIALS AND METHODS

Study Population and Data Acquisition

This was a single-centre retrospective cohort study at a
university teaching hospital. The study population included
all adults aged 18 years or older who underwent FG-TBLB
between January 1st, 2020 and December 31st, 2022, and
their medical records were reviewed. We investigated the risk
factors, management and intervention of pneumothorax
following FG-TBLB.

Patient Preparation

In this study, all FG-TBLB procedures were performed with the
patient in the supine position, under conscious sedation.
Patients received moderate sedation with individualised doses
of midazolam (ranging from 1 to 5 mg) and fentanyl
(ranging from 25 to 100 mcg). Before bronchoscopy, local
pharyngeal anesthaesia was administered with 2% lidocaine.
Additionally, topical anaesthesia with 2% lidocaine solution
was used to anesthetise the airways. These standardised
sedation and anaesthesia protocols were implemented to
ensure patient comfort and safety during the procedure.

Bronchoscopic Procedure

Informed written consent was obtained from all patients
before bronchoscopy, and thin-section computed
tomography (CT) thorax with 0.5-mm slice thickness was
performed on all patients before the procedure. The
bronchoscopists evaluated and discussed the CT images to
identify the bronchus sign and target lesion. In this study, FG-
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Table I: Characteristics of the study cohort

Variables n =157
Sex
Male 95 (60.5%)
Female 62 (39.5%)

CT indication for biopsy
Nodule or mass
Diffuse lung disease
Infiltrates of unknown aetiology
Location of biopsy
Upper lobes
Middle lobes
Lower lobes
Number of biopsies obtained
1-4
>5 (more than 6)
Histopathological findings
Normal
Non-specific inflammation
Malignancy
Granulomatous inflammation

65 (41.4%)
15 (9.6%)
77 (49%)

77 (49%)
23 (14.6%)
57 (36.4%)

6 (3.8%)
151 (96.2%)

26 (16.6%)
53 (33.8%)
40 (25.5%)
30 (19.1%)

Interstitial lung disease pathology 5(3.1%)
Others 3(1.9%)
Table Il: Comparative analysis between patients with and without pneumothorax
Variables No pneumothorax Pneumothorax OR (95% CI) p value
(n =145) (n =12)

Sex

Male 92 (63.4%) 3 (25%) 1

Female 53 (36.6%) 9 (75%) 5.208 (1.350 - 20.081) *0.017
CT indication for biopsy

Nodule or mass 62 (42.8%) 3 (25%) 1

Diffuse lung disease 15 (10.3%) 0 (0%) INFINITE 0.999

Infiltrates of unknown aetiology 68 (46.9%) 9 (75%) 2.735 (0.708 - 10.564) 0.144
Location of biopsy

Upper lobes 67 (46.2%) 10 (83.3%) 1

Middle lobes 22 (15.2%) 1(8.3%) 0.305 (0.037 — 2.515) 0.270

Lower lobes 56 (38.6%) 1(8.3%) 0.120 (0.015 - 0.963) *0.046
Number of biopsies obtained

1-4 5(3.4%) 1(8.3%) 1

>5 140 (96.6%) 11 (91.7%) 0.393 (0.042 - 3.665) 0.412
Histopathological findings

Normal 25 (17.2%) 1(8.3%) 1

Inflammation 49 (33.8%) 4 (33.3%) 2.041 (0.216 — 19.24) 0.533

Malignancy 38 (26.2%) 2 (16.7%) 1.316 (0.113 — 15.293) 0.826

Granulomatous 27 (18.6%) 3 (25%) 2.778 (0.271 - 28.482) 0.390

Interstitial lung disease 4 (2.8%) 1(8.3%) 6.25 (0.322 — 121.334) 0.226

Others 2 (1.4%) 1(8.3%) 12.5 (0.55 - 284.12) 0.113
*p < 0.05

TBLB was performed by five bronchoscopists with varying
years of clinical experience ranging from 2 to 20 years. The
bronchoscopy procedure involved at least three
bronchoscopists, including one operator, one assistant, and
one who monitored the patient's general condition. A
fiberoptic flexible bronchoscope (Pentax EB-1990i, Japan)
was used, and TBLB was performed by passing the closed
forceps peripherally to the desired location under fluoroscopic
guidance. Before TBLB, adrenaline 5 ml (1:10000) was
flushed into the pre-selected segmental bronchus. Blood
pressure, heart rate, and oxygen saturation were monitored
during the bronchoscopy to ensure patient safety.
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Diagnosis and Management of Pneumothorax

Immediately and 4 hours after FG-TBLB, an upright portable
chest x-ray was performed on all patients. The attending
bronchoscopist carefully reviewed the post-procedure chest X-
ray to identify cases of pneumothorax. When pneumothorax
was diagnosed, the attending bronchoscopist made decisions
regarding the need for intercostal chest tube insertion or
conservative management based on the patient's symptoms
and the severity of pneumothorax. Oxygen supplementation
was administered to all patients with pneumothorax to
maintain an oxygen saturation of >95%.
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Statistical Analysis

We analyse the clinical factors related to pneumothorax,
including gender, lesion location, number of biopsies, CT
pattern, and histopathological diagnosis. Data were
presented in mean (standard deviation [SD]) for normally
distributed data and median (interquartile range [IQR]) for
non-normally distributed data. Associations between the
variables and the incidence of pneumothorax were first
examined by univariate logistic regression and presented as
odds ratios (ORs) and 95% confidence intervals (CIs).
Multivariable logistic regression was performed to calculate
OR with 95% CI for post-procedure pneumothorax. We used
logistic regression to identify significant associations between
these variables and pneumothorax.

RESULTS

Patient and Target Lesion Characteristics

A total of 157 patients who underwent FG-TBLB were
included in the analysis. Demographics and procedure-
related data are listed in Table I. The mean (SD) age was 57.9
(16.2) years, with 60.5% male. The most frequent indication
was unknown pulmonary infiltrates (n = 77, 49%).

Twelve (7.6%) patients developed pneumothorax following
FG-TBLB. Eleven (91.7%) required intercostal chest tube
insertion with the mean (SD) 5.7 (6.2) days chest tube
duration. One patient had a persistent air leak and required
autologous blood patch pleurodesis. None of the patients
experienced pneumothorax recurrence.

The mean (SD) number of biopsy samples was 6.7 (2.1). The
most common location for FG-TBLB was the right upper lobe
(n = 45, 28.7%), followed by the right lower lobe (n = 42,
26.8%), left upper lobe (n = 27, 17.2%), left lower lobe (n = 21,
13.4%), right middle lobe (n = 14, 8.9%) and lingula (n = 8,
5.1%).

The histopathological diagnoses were as follows: lung cancer
or other malignancy (n = 40, 25.5%), granulomatous disease
(n = 30, 19.1%), non-specific inflammation (n = 53, 33.8%),
interstitial lung disease (n = 5, 3.1%; 3 organising
pneumonia, 1 interstitial fibrosis, 1 pulmonary alveolar
proteinosis) and others (n = 3, 1.9%; include 2 pulmonary
hamartomas and 1 silicosis). This study's total diagnostic
yield of FG-TBLB was 83.4% (n = 131).

Predictive Factors for Pneumothorax

In the univariate analysis, female gender and biopsy location
were identified as independent predisposing factors for
pneumothorax. However, in the multivariable analysis, a
significantly higher risk of pneumothorax was observed for
FG-TBLB obtained from the upper lobes (odds ratio [OR]
0.120; 95% confidence interval [CI] 0.015-0.963; p = 0.046).
Table II presents a comparative evaluation between patient
groups with and without radiological evidence of
pneumothorax.

DISCUSSION

TBLB is a commonly utilised procedure for diagnosing diffuse
infiltrative lung diseases, as well as pulmonary nodules or
masses. In immunocompromised individuals presenting with
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pulmonary infiltrates of unknown origin, TBLB is considered
valuable in establishing a microbiological or tissue diagnosis.
Despite the usefulness of TBLB in diagnosing various lung
diseases, it is essential to recognise that the procedure carries
potential complications. Notably, a study has reported the
incidence of pneumothorax (1-4%) associated with TBLB.?

Our study revealed an incidence of FG-TBLB-related
pneumothorax at 7.6%, consistent with the data reported in
the BTS guideline and COMET trial.** Our study establishes
that the risk factors associated with FG-TBLB-related
pneumothorax include lesions in the upper pulmonary lobes,
consistent with findings reported in previous studies.*®
Specifically, Huang et al’ reported that out of 13
pneumothorax cases, 10 occurred after TBLB from the upper
lobes, although this association was not statistically
significant (OR 3.34, p = 0.149) due to the small number of
pneumothorax cases.” The higher risk of TBLB-related
pneumothorax involving the upper lobes may be due to the
prominence of subpleural blebs in the upper lobes and the
greater distention and reduced compliance of alveoli in this
region, likely resulting from the pleural pressure gradient.’
However, in contrast to our findings, Izbicki et al.” reported
that none of the post-procedural pneumothorax resulted
from an upper lobe TBLB.

The performance of bronchoscopy under sedation carries a
risk of respiratory depression, which is further complicated by
the development of pneumothorax and a subsequent
reduction in arterial PO2 levels. Pneumothorax during TBLB
is typically due to injury of the visceral pleura caused by
biopsy forceps." Sedation may mask pleural pain that
indicates the onset of pneumothorax. Recent studies using
advanced tools such as robotic bronchoscopy or
endobronchial ultrasonography with a guide sheath have
reported rates of pneumothorax at 3.7% and 3.2%,
respectively, suggesting that complete prevention of
pneumothorax may be challenging.”””® Therefore, early
identification of procedure-related pneumothorax and the
availability of an intercostal chest tube device on-site are
crucial, as suggested by our study and others.

In previous studies, the optimal number of biopsies for
optimal diagnostic yield was reported to be 4-10", and the
BTS guidelines recommend using fluoroscopy during TBLB
and obtaining at least 5 or 6 samples.* However, our study
found no association between the number of biopsies and the
risk of pneumothorax, which is consistent with the results
reported by Herout et al.®

Computed tomography is widely used to diagnose and
evaluate pulmonary diseases. The findings of CT are helpful
in determining the optimal site for transbronchial lung
biopsy (IBLB). Our study showed no association between the
CT pattern of nodular, diffuse or infiltrate types and the risk
of pneumothorax during TBLB. This finding is consistent with
a recent study conducted by Herout et al. However, Bae et al.
reported a higher risk of pneumothorax in nodular lesions.
The difference in the results of our study and the study
conducted by Bae et al. may be due to differences in patient
populations, sample size or the specific techniques used for
TBLB. Further studies are needed to determine the impact of
CT pattern on the risk of pneumothorax during TBLB."
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One potential limitation of the present study pertains to its
single-centre, retrospective design. Given the variability in
bronchoscopy protocols, including differences in biopsy
techniques, sedation practices and fluoroscopy usage across
institutions, it is possible that the risk of procedure-related
pneumothorax may differ in ways not captured by our data.
Therefore, caution should be exercised when generalising our
findings to other settings.

CONCLUSION

In conclusion, our study demonstrated that FG-TBLB from the
upper pulmonary lobe is associated with the highest risk of
pneumothorax. These findings suggest that clinicians should
exercise caution when performing FG-TBLB in this region and
consider alternative biopsy locations whenever feasible.
Furthermore, given the potential for pneumothorax as a
post-procedural complication, appropriate measures should
be taken to ensure prompt detection and management of this
event.
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ABSTRACT

Introduction: The sensorineural acuity level (SAL) test was
developed as an alternative assessment to estimate bone
conduction (BC) thresholds in cases where masking
problems occur in pure tone audiometry (PTA).
Nevertheless, prior to its clinical application, the respective
SAL normative data must be made available. As such, the
present study was carried out to establish SAL normative
data using an insert earphone and two different
commercially available bone transducers. Additionally, to
determine the effect of earphone type on SAL test results, it
was also of interest to compare the present study’s findings
with those of a previous study (that used a headphone to
derive SAL normative data).

Materials and Methods: In this repeated-measures study, 40
Malaysian adults (aged 19-26 years) with normal hearing
bilaterally (based on PTA results) were enrolled. They then
underwent the SAL test based on the recommended
protocol by Jerger and Tillman (1960). The SAL normative
data for each ear were obtained by calculating the
differences between air conduction (AC) thresholds in quiet
and AC thresholds in noise by means of insert earphone,
B71 and B81 bone vibrators.

Results: The SAL normative values were comparable
between the ears (p > 0.05), and the data were pooled for
subsequent analyses (n = 80 ears). Relative to B81 hone
transducer, B71 bone vibrator produced statistically higher
SAL normative data at all frequencies (p < 0.05). The SAL
normative values established by the present study were
statistically lower than those of the previous study (that
utilised headphones) at most of frequencies tested (p <
0.05).

Conclusions: The SAL normative data produced by the two
bone vibrators were significantly different. The SAL
normative values were also affected by the type of earphone
used. While conducting the SAL test on Malaysian patients,
the information provided by this study can be useful to
guide the respective clinicians in choosing the appropriate
normative data.

KEYWORDS:
Sensorineural acuity level test; bone conduction; headphones;
insert earphones; normative data

INTRODUCTION

Hearing loss is a common medical abnormality among
babies, children and adults.”® As such, significant
advancements have been made in the field of diagnostic
audiology aiming to provide accurate hearing diagnoses in
clinical settings.*” Some audiological tests are subjective in
nature, i.e., the patients are required to give full cooperation
during the testing (which can be challenging when assessing
children). The availability of objective audiological tests
would overcome the limitations of the subjective hearing
assessments.' Moreover, by combining routine and advanced
audiological tests, better clinical decisions can be made at the
site of lesion testing. Identifying hearing problems in a timely
manner is imperative so that appropriate treatment options
can take place to achieve a better prognosis."*

The severity of hearing loss and the type of hearing loss are
two important indicators in diagnosing hearing status.'
Pure tone audiometry (PTA) has been regarded as the gold
standard test for hearing diagnosis as both severity and type
of hearing loss can be documented conveniently across
speech frequencies."*'" In the PTA testing, headphones or
insert earphones are used to determine air conduction (AC)
thresholds that represent the severity of hearing loss. As
reported elsewhere, normal hearing is defined if AC
thresholds < 20 dB HL."* That is, those with AC thresholds
exceeding 20 dB HL are considered to have hearing loss. By
placing a bone transducer on the mastoid area in the PTA
testing, bone conduction (BC) thresholds are obtained. In this
regard, it has been well demonstrated that the skull vibration
mainly stimulates the inner ear and that the BC thresholds
represent the status of cochlear.! By combining AC and BC
thresholds, air-bone gaps (ABGs) represent the type of
hearing loss.! Herein, significant ABGs (with normal BC
thresholds) indicate the presence of conductive hearing loss
(CHL, which occurs due to abnormalities affecting the outer
and middle ears). On the other hand, if both AC and BC
thresholds are abnormal with no significant ABGs, the type
of hearing loss is known as sensorineural hearing loss (SNHL,
which occurs due to damage affecting the inner ear).
Meanwhile, when all parts of the ears are affected, it is
known as mixed hearing loss (MHL). Getting the exact type
of hearing loss is undoubtedly important as each type of
hearing loss requires a specific treatment option.!
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It is worth noting that when the pure tones at high-intensity
levels are delivered by the insert earphones in the PTA testing,
the skull may vibrate, and the BC pathway can be
stimulated.’ Consequently, the respective tones can be heard
by the opposite ear. If the tested ear has poorer hearing than
the non-tested ear, the hearing status recorded from the test
ear will be invalid (i.e., better than it is supposed to be). This
cross-hearing phenomenon must be addressed to achieve
accurate hearing diagnoses. In this matter, masking
procedure is typically carried out so that valid AC and BC
thresholds can be obtained in the PTA testing.! That is, the
masking noise will be delivered to the non-test ear (to
eliminate cross-hearing) while presenting the tones to the test
ear. To assist hearing healthcare professionals in deciding on
the needs of masking, masking rules have been established.!
Nevertheless, during the masking procedure, overmasking
(i.e., providing “too much” masking noise) can occur,
typically when assessing patients with large ABGs.! In this
case, the exact BC thresholds cannot be measured, and the
type of hearing loss is uncertain. As getting the accurate type
of hearing loss is crucial, alternative solutions must be made
available.

One of the feasible options to obtain valid BC thresholds (in
the presence of overmasking) is to apply a sensorineural
acuity level (SAL) test.”*”* The procedure of this test has been
well described in the literature.”** It is worth mentioning that
before this test can be applied in clinical settings, SAL
normative data must be established first. To obtain this
information, a group of healthy, normal-hearing
participants is required. After the completion of PTA, a
masking noise is delivered continuously at a maximum
intensity level by the respective bone transducer that is
placed on the forehead of the participant. While wearing
headphones (or insert earphones) that deliver pure tones,
he/she is asked to press the response button when the tones
are heard (in the presence of masking noise). The AC
thresholds in noise are then determined at specific
frequencies. Subsequently, the SAL normative data are
derived by computing the differences between AC thresholds
in noise and AC thresholds provided by PTA at each of
frequencies.”*” These data are then averaged across the
participants to provide a better estimation."” To estimate the
masked BC threshold of a hearing-impaired patient, a similar
procedure is applied. That is, the AC threshold in noise at a
specific frequency is obtained, and it is then subtracted from
the respective SAL normative data (at a similar frequency).
This value provides the amount of estimated ABG." Herein,
since the AC threshold in quiet is known (as provided by the
PTA), the exact BC threshold can now be estimated.’*** Taken
together, the following equation is used to calculate the
estimated BC threshold at a specific frequency: Estimated BC
= AC in quite - (AC in noise — SAL normative data).

Valid SAL normative data gathered from particular
populations are essential for using the SAL test in clinical
settings.'>* For example, the SAL normative data established
among Malaysian adults were found to be different from
those of Caucasian adults.* There has also been some
variation in the methods employed by the previous studies in
establishing the normative data for the SAL test. In
particular, different types of earphones and bone transducers
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were used across the studies.”®™ Sensibly, different study
outcomes (as well as normative data) would be produced if
the methods employed were different in some ways.
Headphones and insert earphones have different
characteristics, and they are used for specific applications.
Among others, headphones are useful when testing patients
with no access to the AC pathway (e.g., canal atresia).! On
the other hand, apart from having larger interaural
attenuation values (relative to the headphones), insert
earphones are recommended when assessing those with
collapsed ear canals.*” It is well known that in certain cases,
when the headphones are placed against the pinna, the ear
canal may partially or completely collapse.*?" This
condition is more common among older adults and must be
identified accordingly during the PTA testing to overcome the
presence of “false” ABGs at high frequencies."**?* In clinical
settings, Radioear B71 bone vibrator has been widely used in
the PTA testing."* The newly designed Radioear B81 bone
vibrator has been gaining an interest among clinicians and
researchers nowadays due to its superior characteristics.
Specifically, relative to the conventional B71 bone
transducer, it was found to produce higher output levels with
less vibrotactile responses and harmonic distortions at low
frequencies.**

It is rather surprising that even though the interest in
studying the clinical usefulness of the SAL test began in the
1950s, not many subsequent studies have been published
since then. More recently, Awang and his colleagues
conducted a study to compare the SAL normative data
between two types of bone transducers.” In their study that
utilised headphones, 42 Malaysian adults were tested, and
the performance of commercially available Radioear B71
and B81 bone transducers was studied. As reported, the SAL
normative data produced by the bone transducers were found
to be statistically different at all test frequencies, implying the
significant effect of the bone vibrator type on the SAL test
results.” Herein, it is not known if a similar pattern would be
observed if other types of transducers (e.g., insert earphones)
are used.

Collectively, the present study was carried out to establish
SAL normative data using insert earphones and two different
bone transducers (i.e., B71 versus B81). Additionally, it was
also of interest to compare the findings gathered from the
present study and the study outcomes reported by Awang et
al.” (that utilised headphones) to determine the effect of
earphone type on the SAL normative data.

MATERIALS AND METHODS

Participants

In the present study that utilised a repeated-measures
research design, 40 Malaysian young adults (aged 19-26
years) were enrolled. They were chosen randomly among
students and staff members of the respective institution. They
were all in good health and had no prior history of hearing
problems. They were found to have a clear ear canal and an
intact tympanic membrane on both sides, based on otoscopic
and tympanometric assessments. According to the air
conduction (AC) testing, their hearing was normal
bilaterally, with hearing thresholds of 20 dB or less at
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Table I: Mean and standard deviation (SD) of normative data for the sensorineural acuity level (SAL) test when tested with
B71 and B81 bone transducers at specific frequencies (the respective statistical test results, i.e., p value and Cohen'’s effect

size (d) are also shown)

Frequency (Hz) Transducer Mean + SD (dB) p value Effect size (d)

250 B71 41.4+73 < 0.001* 0.89
B81 33176

500 B71 53.2+8.8 < 0.001* 0.94
B81 448 +7.3

1000 B71 629 7.1 < 0.001* 0.63
B81 57.0 £ 8.2

2000 B71 60.3 = 10.0 < 0.001* 0.76
B81 51.4 85

4000 B71 58.0 £ 9.4 < 0.001* 0.90
B81 50.1 £ 8.3

*Significance at p < 0.05.

Table Il: The respective statistical test results when the data of the present study (that used insert earphones) are compared with
the findings reported by Awang et al. (2021) that employed headphones for establishing the normative data for the sensorineural

acuity level (SAL) test

Frequency (Hz) Transducer Mean + SD (dB) p value
Present study Awang et al. study

250 B71 414 +73 46.3 + 8.2 < 0.001*
B81 33176 38.5+09.1 <0.001*

500 B71 53.2+8.8 61.1+7.2 < 0.001*
B81 448 + 7.3 51.7 £ 8.1 < 0.001*

1000 B71 629 7.1 66.5 = 8.0 < 0.001*
B81 57.0 £ 8.2 59.4+7.2 0.010*

2000 B71 60.3 = 10.0 60.0 = 8.7 0.824
B81 51.4 +8.5 549 +9.8 < 0.001*

4000 B71 58.0 £ 9.2 58.4+9.8 0.706
B81 50.1 £ 8.3 50.0 + 8.1 0.936

*Significance at p < 0.05.

frequencies ranging from 250 to 8000 Hz. Each participant
signed a consent form prior to the data collection, and the
study was approved by the respective institutional review
board, which is in line with the 1975 Declaration of Helsinki
and its later amendments.

Test Procedure

The PTA and SAL tests were conducted using a two-channel
audiometer (GSI 61, Grason-Stadler Inc., USA) in a dedicated
soundproof room within the Audiology Clinic, University
Hospital. Prior to the assessments, adequate instructions were
given to each of the participants. The PTA testing was
conducted based on the standard protocol, and AC and BC
thresholds were obtained according to the established
Hughson-Westlake method." Insert earphones (ER-3A,
Etymotic Research, Illinois, USA) were used to measure AC
thresholds (from 250 to 8000 Hz), while both B71 and B81
transducers were employed to determine BC thresholds (from
250 to 4000 Hz) for both ears. In the BC testing, the bone
transducer was placed on the mastoid of each ear, and the
order in which transducer was to be used was randomised
across the participants to avoid any potential bias. Each
participant was asked to press the response button whenever
tones were heard (regardless of the loudness of tones). Only
the AC thresholds in quiet obtained in the PTA testing would
be used subsequently to derive the SAL normative data.
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Following the PTA testing, the SAL test was carried out using
the procedure recommended by Jerger and Tillman.” In
particular, insert earphones were inserted into each ear while
the bone vibrator was placed on the forehead (Fig. 1). A
narrowband noise of masking at a maximum intensity level
was delivered continuously via the bone transducer, while a
pure tone was presented to one ear through the insert
earphones. The participants were told to ignore the noise and
only press the response button when they heard the tone. For
each ear, the AC thresholds in noise at frequencies of 250,
500, 1000, 2000, and 4000 Hz were measured. The differences
between AC thresholds in quiet (by PTA) and AC thresholds
in noise (by SAL test) were used to calculate the SAL
normative data. Likewise, to avoid potential bias, the order in
which the transducers were to be used was randomised across
the participants.

The SAL normative data at each frequency were gathered
from all participants. Mean, standard deviation (SD) and
percentage were utilised to express the data as applicable.
The Shapiro-Wilk normality test revealed that the data for
each ear were normally distributed (p > 0.05). As such, the
paired t-test was used to compare the SAL normative data
between the left and right ears. This analysis was again used
to compare the SAL normative data between B71 and B81
bone transducers at each frequency. On the other hand, the
one-sample t-test was used to compare the data from the
present study with those published by Awang et al.** The
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Fig. 1: The sensorineural acuity level (SAL) test procedure of a
representative subject.

statistical significance level was set at p < 0.05. Additionally,
to support the results of the hypothesis testing, Cohen'’s effect
size (d) was measured. Herein, d = 0.2, d = 0.5 and d = 0.8
represent small, medium and large effect sizes, respectively.”
All data were analysed using the JASP statistical software
(version 0.17.1, University of Amsterdam, Netherlands).

RESULTS

In terms of ethnicity, Malay adults made up 75.0% of the
total participants, followed by Chinese (15.0%) and other
ethnic groups (10.0%). Their mean age was 22.9 + 1.2 years,
and the majority of them were females (65.0%).

The SAL test was successfully completed by each of the
participants. The data for left and right ears were then
combined (a total of 80 ears) for further analysis because it
was determined that the SAL normative data did not
statistically differ between the left and right ears at all tested
frequencies (p > 0.05 using the paired t-test).

Table I shows mean, SD and statistical results when the SAL
normative data were compared between the two bone
transducers (n = 80 ears). As clearly revealed, the B71 bone
transducer produced statistically higher SAL normative data
relative to the B81 bone vibrator at all frequencies (p < 0.05).
These findings were in line with the moderate to large effect
sizes (d = 0.63-0.94).

Recall that the present study employed insert earphones and
the respective bone transducers to generate the SAL
normative data among healthy young adults. As stated
earlier, the present study also aimed to compare the SAL
normative data gathered from the present study and the
findings reported by Awang et al."* that employed
headphones for establishing their SAL normative data. The
results of this comparison are shown in Table II. The different
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performance between these transducers (insert earphones
and headphones) was elaborated in the discussion section.

DISCUSSION

Even though the PTA testing has been used utilised widely in
clinical practice, obtaining masked thresholds can be
troublesome due to masking problems. The emergence of the
SAL test has provided an alternative solution for estimating
masked BC thresholds (so that the type of hearing loss can be
confirmed). As previously mentioned, the literature on the
SAL test is currently limited, and more studies are warranted
to further unveil the diagnostic usefulness of this test.

In the PTA testing, the commercially available audiometers
are typically equipped with either Radioear B71 or B81 bone
vibrators. The newly designed B81 bone transducer was
developed with the intention of overcoming the limitations of
the B71 bone transducer.®* In the present study, the SAL
normative data were established by means of insert
earphones and the two bone transducers. As revealed, the
SAL normative values produced by the B71 bone transducer
were significantly higher than those of the B81 bone vibrator.
Given the different designs and characteristics of the bone
transducers, these findings were rather sensible. Similar
outcomes were reported by Awang and his colleagues when
comparing the performance of B71 and B81 bone vibrators in
the SAL test.” They proposed that the differences in the SAL
normative values might be due to several reasons including
the increased sensation of vibrotactile of the B71 bone
transducer. The different capabilities of the two transducers
in delivering masking noise at maximum levels were also
proposed as the reason for the discrepancies in the SAL
normative data." Even though these notions appear to be
reasonable, future research is needed to further shed light on
this issue. In this regard, performing the SAL test on adults
with severe SNHL (with poor BC thresholds and enhanced
vibrotactile sensations) can be advantageous to understand
the mechanism of SAL test when tested with the two bone
transducers.

To determine the possible effect of the earphone type on the
SAL normative values, the present study’s findings were
compared with the data reported by Awang et al.” As shown
in Table II, with the B71 bone vibrator, the SAL normative
data were significantly lower in the present study than in the
study by Awang et al."* at 250, 500 and 1000 Hz frequencies
(p < 0.05). Whereas at 2000 and 4000 Hz, the SAL normative
data between the studies were comparable (p > 0.05).
Likewise, with the B81 bone transducer, the present study
revealed statistically lower SAL normative data relative to the
study by Awang et al." at the majority of frequencies (i.e.,
250 Hz, 500 Hz, 1000 Hz and 2000 Hz). At 4000 Hz, the SAL
normative data between the two studies did not differ
significantly with t(79) = 0.081, p = 0.936. This comparison
was considered appropriate, as the methods employed by
both studies were almost similar. Specifically, both studies
were carried out among Malaysian participants with
comparable sample sizes and age ranges (i.e., 42 adults aged
19-27 years in the study by Awang et al.'*). Furthermore,
both studies employed the similar SAL test procedure, i.e.,
based on the protocol recommended by Jerger and Tillman."
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It is worth stating that the data gathered from studies
involving other ethnic groups (e.g., Caucasian adults) may
not be appropriate to be compared." Apart from
methodological differences (e.g., different sample sizes,
different types of earphones and bone transducers, etc.),'*'
anatomical factors including head size and bone density may
also contribute to the variation in the SAL normative data.**
» It was found that at most of the frequencies tested, the SAL
normative data produced by the present study (with insert
earphones) were statistically lower than those reported by
Awang et al.” (that utilised headphones). Since both
transducers were designed differently and for specific
applications, the obtained results were somehow anticipated.
Awang and his colleagues employed the Telephonics TDH-39
supra-aural headphones (that rest on the ear and do not
completely enclose the ear) to derive the SAL normative
values." The insert earphones used in the present study
consist of a tube that delivers pure tone signals through
compressible earplugs that are placed in the ear canal. As
mentioned before, this transducer is useful for assessing those
with collapsed ear canals to avoid misdiagnosis of the type of
hearing loss.*** Of note, since the output of both transducers
is calibrated in dB HL, AC and BC thresholds obtained in the
PTA testing (by both transducers) should be comparable. In
line with this, previous studies revealed that both transducers
had similar intra-subject reliability and test-retest
stability.®* In this regard, the differences in the SAL
normative data by the two transducers might be due to
differences in AC thresholds in noise (obtained in the SAL
test). That is, relative to headphones, less threshold shifts
were observed (in the presence of noise given by the bone
transducer) when insert earphones were used. As shown in
Table II, the mean difference between the earphones can be
as large as 7.9 dB (for B71 bone vibrator at 500 Hz). This
difference can be considered clinically large (i.e., more than +
5 dB),’ and the accuracy of the SAL test can be affected.
Further studies are therefore warranted to determine which
transducer is more accurate in predicting BC thresholds when
testing hearing-impaired patients.

The present study had several limitations. Firstly, the sample
size used was modest (n = 40), and perhaps better study
results would be obtained if more participants were recruited.
Nevertheless, recall that the data for left and right ears were
pooled (n = 80 ears) as an effort to enhance the statistical
power. Furthermore, the effect size analysis was also
employed to support the p values. As reported elsewhere,
unlike the p value approach, the effect size analysis provides
the magnitude of difference between the groups of interest
and is less affected by the sample size.** In fact, the
hypothesis testing and effect size results were found to be
consistent with each other, indicating that the desired study
outcomes had been achieved. Secondly, the SAL normative
data were gathered only from a group of healthy young
adults. Obtaining similar data from other age groups should
be the next step. Lastly, only those with normal hearing were
enrolled in the present study. As such, further studies
involving hearing-impaired groups are beneficial to verify
the appropriateness of the SAL normative data obtained in
the present study.
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CONCLUSIONS

The SAL test is particularly useful to determine exact BC
thresholds (to avoid misdiagnosis) in cases where the
masking procedure fails to do so. Nevertheless, prior to its
application, the SAL normative data must be made
available. In the present study, insert earphones and two
different bone transducers were employed to establish the
respective SAL normative data. The SAL normative data
produced by the commercially available Radioear B71 and
B81 bone transducers were found to be statistically different
at all frequencies. Additionally, insert earphones and
headphones produced significantly different SAL normative
data at the majority of frequencies. The information provided
by the present study can be useful to hearing healthcare
practitioners in determining which SAL normative data to be
applied in clinical settings.
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ABSTRACT

Introduction: This study aimed to determine the prevalence
and association between the severity of COVID-19 and short
and long-term neuropsychiatric symptoms, as well as the
risk factors for the development of these symptoms.

Materials and Methods: A prospective observational study
was conducted between 1st October 2021 till September
2022 in the state of Johor, Malaysia. 300 patients with
confirmed SARS-CoV-2 infection were randomly selected
and followed up for six months. Data were analysed by using
Chi-square test, Fisher's Exact test, Paired t test and
Multiple logistic regression.

Results: The prevalence of short-term neuropsychiatric
symptoms was 78%, with anosmia being the most prevalent
symptom. Long-term symptoms were found in 22.75% of
patients, with headache being the most prevalent (p=0.001).
COVID-19 Stage 2 and 3 infections were associated with a
higher risk of short-term neuropsychiatric symptoms, OR for
Stage 2 infection was 5.18 (95% CI: 1.48-16.97; p=0.009) and
for Stage 3 infection was 4.52 (95% CI: 1.76-11.59; p=0.002).
Complete vaccination was a significant predictor of long-
term symptoms with adjusted OR 3.65 (95% CI 1.22-10.91;
p=0.021).

Conclusion: This study demonstrated that neuropsychiatric
symptoms were common among COVID-19 patients in
Johor, Malaysia and the risk of these symptoms was
associated with the severity of the infection. Additionally,
complete vaccination does not completely protect against
long-term neuropsychiatric deficits. This is crucial for
continuous monitoring and addressing neuropsychiatric
symptoms in COVID-19 survivors.

KEYWORDS:
COVID-19; neuropsychiatric; vaccine

INTRODUCTION
In December 2019, a cluster of atypical ‘viral pneumonia’
like cases broke out in Wuhan, China, and this unravelled

the pandemic to the whole world. This new disease, named
COVID-19, is caused by a novel coronavirus called SARS-CoV-
2. Up to 1st April 2023, WHO have reported 762,791,152
confirmed cases of COVID-19, including 6,897,025 deaths,
while locally in Malaysia, our numbers stand at 5,052,337
confirmed cases with 36,982 deaths.! SARS-CoV-2 virus
changes over time. This may affect the virus’s properties,
transmission rate, performances of vaccines, severity of the
disease, detection rate by the diagnostic tools and
effectiveness of treatment. Omicron as an example of Variant
of Concern (VOC), which requires more meticulous public
health actions, e.g. notify to local authority, enhancing
preventive measures, and more studies on therapeutic
medicine and vaccine effectiveness.

Studies have shown that COVID-19 does not solely affect the
respiratory system but is multi-systemic as well. The most
common central nervous system (CNS) symptoms include
hyposmia or anosmia, ageusia, headache and myalgia,
while symptoms indicating encephalopathy (e.g. delirium)
are less common.>** Even patients who have recovered from
COVID-19 can develop long-term sequelae or persistent
symptomatology (SPS). The CNS SPS made up 20.8%, and the
most prevalent SPS is persistent anosmia or dysgeusia (7.2%)
followed by headache (5.3%).° Patients may also experience
psychological issues such as increased stress, anxiety or
depression.® Thus, neuropsychiatric symptoms comprise
neurological and psychiatric symptoms. Heneka et al’
suggested that patients recovered from COVID-19 are at high
risk for neurodegenerative disease, e.g. Alzheimer's disease.

There are several postulations regarding the mechanism of
SARS-CoV-2 invading the nervous system. Direct effect of
SARS-CoV-2 such as its high binding affinity to human
receptor angiotensin-converting enzyme 2 (ACE2) found in
lung, interstitial epithelium and endothelium tissues of
blood-brain barrier, haematogenous dissemination and
invades into CNS via olfactory nerve. Other routes of
infection are reportedly through the peripheral nervous
system via retrograde neuronal routes. Apart from that,
SARS-CoV-2 also can affect the nervous system indirectly. For
instance, it can cause cytokine release syndrome which is due

This article was accepted: 13 December 2023
Corresponding Author: Chow Siew Kian
Email: siewkian90@gmail.com

Med | Malaysia Vol 78 No 7 December 2023

907



Original Article

to over-activity of the body's immune system, in which there
is torrential release of cytokines leading to a harmful level of
inflammation which can interfere with organ function.
Moreover, SARS-CoV-2 also causes prothrombotic conditions,
which may lead to debilitating complications, e.g. acute
ischaemic stroke. On top of that, sepsis may be a catastrophic
complication of COVID-19 infection, which may lead to
multi-organ failure.®’

The effects of COVID-19 infection can be devastating and
long lasting. Therefore, this study aimed to determine the
prevalence and association between the severity of COVID-19
and short and long-term neuropsychiatric symptoms, as well
as the risk factor for the development of these symptoms.
This, in turn, can aid medical practitioners and caretakers in
managing these symptoms.

MATERIALS AND METHODS

We conducted a prospective observational study at the
Hospital Enche’ Besar Hajjah Khalsom, Kluang, Johor
(government-assigned hospital for treatment of COVID-19)
between 1st October 2021 till September 2022. This study was
registered at National Medical Research Register with
registration number NMRR-21-1720-61044. In addition,
ethical approval was obtained from the Malaysia Medical
Research and Ethics Committee (MREC).

We included patients admitted to the hospital and diagnosed
with COVID-19 based on clinical data, epidemiological
history and nasopharyngeal swab or sputum for polymerase
chain reaction (PCR) to SARS-CoV-2. Patients were
categorised into five severity stages according to Malaysia
Ministry of Health COVID-19 protocol.” Clinical stage of
COVID-19 are as follow: stage 1 is asymptomatic; stage 2 is
symptomatic but no pneumonic changes on chest X-ray
(CXR); stage 3 is symptomatic and has pneumonic changes
on CXR; stage 4 is symptomatic, has pneumonic changes on
CXR and required supplemental oxygen; stage 5 is critically
ill with multiorgan involvement. Stage 1, 2 and 3 were
categorized as mild severity, whereas stages 4 and 5 were
categorised as severe stage. Upon admission, all patients
underwent a full history taking, physical examination, blood
sampling for tests and CXR.

Considering 90% confidence interval, margin of error 0.05,
detectable difference of 35% based on previous study7 and a
potential dropout rate of 20%, a sample size of 300 patients
was randomly selected by using a random number generator
application. They were assessed in the ward and then
followed up at 6 months via telephone consultation (video
call or phone call). Subjects’ contacts were kept confidential
and only used for study purposes. Telecommunication
benefitted patients by eliminating the hassle of travelling
and reducing the exposure risk to COVID-19 in the
community.

Cognitive function in patients was evaluated by using the
six-items screener." A score of 2 or 3 indicates a need for
further screening and diagnostic testing. Patient Health
Question-9 (PHQ-9)'* was used to evaluate depression while
General Anxiety Disorder-7 (GAD 7)* for assessing anxiety.

908

Patients with moderate to severe depression or anxiety
disorder were informed and with their permissions, referred to
a psychiatrist for further evaluation.* Apart from that,
Confusion Assessment Method (CAM-S) short-form
worksheets was used to assess delirious patients."” Permission
to use these neuropsychiatric evaluation tools (PHQ-9, GAD-
7, six-item screener and CAM-S) in this study was granted by
the respective authors.

Subjects’ personal information in this study would be
handled confidentially. They would not be informed about
the individual study findings. However, they would be
informed about the study findings collectively if they opted
to.

Inclusion criteria included hospitalised patients aged 18 years
old and above with confirmed PCR to SARS-CoV-2 (confirmed
cases according to the Malaysia Ministry of Health). Thus,
patients with compatible clinical symptoms and imaging
tests (suspected cases) but negative PCR tests were excluded.
Other exclusion criteria were patients who did not require
hospitalisation, passed away during the study period,
defaulted on post-COVID-19 follow up and those declined to
participate in the study. Apart from that, patients with severe
neurological disorders which impede participation in the
study, e.g. stroke with impaired cognitive functions, severe
dementia, chronic headache prior to COVID-19 infection and
those with psychiatric disorders prior to COVID-19 infection,
e.g. major depression disorder, generalised anxiety disorder,
bipolar disorder and schizophrenia were excluded.

Ethical considerations

The ethical implications of the study adhered to the
principles of the Declaration of Helsinki Declaration. The
database was anonymized, and no identification data was
used in the analyses. Informed consent was taken for each
patient enrolled in the study. Ethical approval was obtained
from the Medical Research and Ethics Committee (MREC),
Ministry of Health Malaysia and other relevant approvals
prior to the start of any study-related activities.

Statistical Analysis

Data were analysed as descriptive and analytical statistics. In
this study, patients were grouped as experiencing short-term
or long-term neuropsychiatric symptoms, if they experienced
any of the neuropsychiatric symptoms upon admission or in
the post 6 months. Chi-square test, Fisher's Exact test or
Paired t-test were applied to evaluate the association between
patients’ social demographic background, the severity of
COVID-19 infection, the development of early
neuropsychological symptoms and the persistence of these
symptoms 6 months post COVID-19 infection, where
appropriate. Multiple logistic regression was used to predict
the development of early neuropsychological symptoms and
the persistence of these symptoms 6 months later.

RESULTS

Baseline Characteristics

From October 2021 until June 2022, 300 patients with
confirmed COVID-19 infection were enrolled into the study
and followed up after 6 months. 255 (85%) patients were
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Table I: Baseline characteristic of study cohort (n=300)

Baseline characteristic Number of patients, n (%)
Gender

Male 122 (40.7)

Female 178 (50.3)
Age, mean (+SD) 47.09 (+16.57)
Race

Malay 247 (82.3)

Chinese 26 (8.7)

Indian 21 (7.0)

Others 6 (2.0)
Risk factors

No 93 (31.0)

Yes 207 (69.0)
Types of risk factor

Cardiovascular 53 (17.7)

Respiratory 49 (16.3)

Endocrinology 16 (5.3)

Obstetrics and Gynecology 14 (4.7)

Renal 10 (3.3)

Oncology 4 (1.3)

Multiple comorbid® 61 (20.3)
Covid-19 severity

Stage 1 23(7.7)

Stage 2 152 (50.7)

Stage 3 34 (11.3)

Stage 4 62 (20.7)

Stage 5 29 (9.7)
Oxygen requirement

No 212 (70.7)

Yes 88 (29.3)
Steroid use

No 209 (69.7)

Yes 91 (30.3)
Intensive Care Unit admission

No 294 (98.0)

Yes 6 (6.0)
Covid-19 vaccination status

Incomplete 59 (19.7)

Complete 241 (80.3)

Data are given as number (percentage) unless otherwise indicated. *Multiple comorbid defined as patients suffered from two or more types of risk factors
(cardiovascular, respiratory, endocrinology, obstetrics and gynecology, renal or oncology).

Table II: Prevalence of short-term and long-term neuropsychiatric symptoms

Neuropsychiatric characteristics Short term Long term p value*
(n = 300) (n = 255)
Number of patients with neuropsychiatric symptoms, n (%) 234 (78.00) 58 (22.75) 0.001°
Average number of neuropsychiatric symptoms per patients, mean (+ SD) 3.40 (+1.930) 2.09 (+1.218) <0.001c
Neuropsychiatric symptoms, n (%)
Ageusia 115 (38.33) 3(1.18) 0.054°
Anosmia 137 (45.67) 5(1.96) 0.178°
Myalgia 109 (36.33) 19 (7.45) <0.001°
Headache 109 (36.33) 20 (7.84) <0.001°
Delirium, mean (+SD) (assessed using CAM-S scores) 0 (+0.130) 0 (+0.000) 0.318°
Stroke 2 (0.67) 2 (0.78) 0.016°
Paresthesia 18 (6.00) 12 (4.71) <0.001°
Movement disorder 0 (0.00) 1(0.39) -
Seizure 1(0.33) 1(0.39) 0.004°
Depressive severity (assessed using PHQ-9 scores)
Mild 220 (73.33) 56 (21.96) 0.884°
Moderate to severe 14 (4.66) 2 (0.78)
Anxiety severity (assessed using GAD-7)
Mild 230 (76.66) 56 (21.96) 0.504°
Moderate to severe 4(1.71) 2 (0.78)
Sleep disturbance 56 (18.67) 17 (6.67) <0.001°
Loss of concentration 15 (5.00) 5(1.96) <0.001°
Memory disturbance 13 (4.33) 12 (4.71) 0.001°
Cognitive impairment (assessed using six-item screener) 27 (9.00) 6 (2.35) 0.375°

Data are presented as number (percentage) unless otherwise indicated. *p-value <0.05 considered statistically significant. aChi-square test. bFisher’s exact
test. cPaired t test. SD, standard deviation, CAM-S, Confusion Assessment Method, PHQ-9, Patient Health Question-9, GAD-7, General Anxiety Disorder-7.
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Table Ill: Association and predictors of short-term neuropsychiatric symptoms (n = 300) in logistic regression models

Characteristics Short term Crude OR p value Adjusted OR p value
Neuropsychiatric symptoms (95% CI) (95% ClI)
Yes (n = 234) No (n = 66)
Socio-demographic data
Age, mean (+SD) 46.58 (+16.343) | 48.91 (+17.358) | 0.99 (0.98-1.01) 0.313 0.99 (0.97-1.01) 0.330
Race, n (%)
Malay 197 (81.88) 50 (75.76) 1 1
Non-Malay 37 (15.81) 16 (24.24) 0.59 (0.30-1.14) 0.115 0.58 (0.29-1.19) 0.139
Risk factors, n (%)
No 72 (30.77) 21 (31.82) 1 1
Yes 162 (69.23) 45 (68.18) 1.05 (0.58-1.89) 0.871 0.79 (0.41-1.54) 0.487
Clinical data
COVID-19 severity, n (%)
Stage 1 11 (4.70) 12 (18.18) 1 1
Stage 2 120 (51.28) 32 (48.48) 4.09 (1.65-10.13) | 0.002* 4.52 (1.76-11.59) | 0.002*
Stage 3 27 (11.54) 7 (10.61) 4.21 (1.31-13.51) | 0.016* 5.18 (1.48-16.98) | 0.009*
Stage 4 52 (22.22) 10 (15.15) 5.67 (1.96-16.40) | 0.001* 2.75 (0.45-16.87) 0.274
Stage 5 24 (10.26) 5 (7.58) 5.24 (1.48-18.53) | 0.010* 2.20 (0.24-20.18) 0.486
Oxygen requirement, n (%)
No 159 (67.95) 53 (80.30) 1 1
Yes 75 (32.05) 13 (19.70) 1.92 (0.99-3.74) 0.054 3.28 (0.60-17.94) 0.170
Intensive Care
Unit admission, n (%)
No 229 (97.86) 65 (98.48) 1 1
Yes 5(2.14) 1(1.52) 1.42 (0.16-12.36) | 0.751 1.08 (0.10-12.50) 0.946
COVID-19 vaccination status+, n (%)
Incomplete 45 (19.23) 14 (21.21) 1 1
Complete 189 (80.77) 52 (78.78) 1.13 (0.58-2.22) 0.721 1.52 (0.72-3.26) 0.270

Cl, confidence interval; OR, odds ratio. *p value <0.05 considered statistically significant. +Complete COVID-19 vaccination status defined as individual who
received complete primary dose vaccination series (2 doses for CoronaVac®, Comirnaty®, COVID-19 AstraZeneca®) at least 14 days before SARS-CoV-2 virus

infection.

Table IV: Association and predictors of long-term neuropsychiatric symptoms (n= 255) in logistic regression models

Characteristics Long term Crude OR p value Adjusted OR p value
neuropsychiatric symptoms (95% ClI) (95% ClI)
Yes (n=58) No (n=197)
Sociodemographic Data
Age, Mean (+SD) 43.67 (+14.867) | 47.86 (+16.916) | 0.99 (0.97-1.00) 0.091 0.98 (0.96-1.00) 0.073
Race, n (%)
Malay 48 (82.76) 159 (80.71) 1 1
Non-Malay 10 (17.24) 38 (19.29) 0.87 (0.41-1.88) 0.726 1.30 (0.55-3.05) 0.548
Risk Factors, n (%)
No 23 (39.66) 61 (30.96) 1 1
Yes 35 (60.34) 136 (69.04) 0.68 (0.37- 1.25) 0.217 0.76 (0.39-1.47) 0.415
Clinical Data
COVID-19 Severity, n (%)
Stage 1 5(8.62) 18 (9.14) 1 1
Stage 2 35 (60.34) 99 (50.25) 1.27 (0.44-3.69) 0.657 1.35 (0.45-4.07) 0.592
Stage 3 2 (3.45) 28 (14.21) 0.28 (0.05-1.47) 0.127 0.27 (0.04-1.59) 0.144
Stage 4 14 (24.14) 32 (16.24) 1.58 (0.49-5.09) 0.448 0.78 (0.07-8.91) 0.842
Stage 5 2 (3.45) 20 (10.15) 0.36 (0.06- 2.09) 0.255 0.11 (0.01-2.61) 0.171
Oxygen Requirement, n (%)
No 42 (72.41) 145 (73.60) 1 1
Yes 16 (27.59) 52 (26.40) 1.06 (0.55-2.05) 0.857 2.98 (0.32-28.09) 0.340
Intensive Care Unit
Admission, n (%)
No 57 (98.28) 194 (98.48) 1 1
Yes 1(1.72) 3(1.52) 1.14 (0.12-11.12) 0.914 6.18 (0.28-135.88) 0.248
COVID-19 vaccination status+, n (%)
Incomplete 5 (8.62) 36 (18.27) 1 1
Complete 53 (91.38) 161 (81.73) 2.37 (0.89-6.35) 0.086 3.65 (1.22-10.91) | 0.021*

Cl, confidence interval; OR, odds ratio. *p value <0.05 considered statistically significant. +Complete COVID-19 vaccination status defined as individual who
received complete primary dose vaccination series (2 doses for CoronaVac®, Comirnaty®, COVID-19 AstraZeneca®) at least 14 days before SARS-CoV-2 virus
infection
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reassessed after 6 months. Table I shows the baseline
sociodemographic and clinical characteristics of the entire
cohort. The mean age of the study population was 47.09
(+16.57) with females (178, 50.3%) and Malay (247, 82.3%)
predominance. Majority of them were admitted as Stage 2
Covid-19 infection (152, 50.7%) and have completed their
COVID-19 vaccination (241, 80.3%).

Prevalence of Short-Term and Long-Term Neuropsychiatric
Symptoms

In this study, the prevalence of the short-term
neuropsychiatric symptoms in the study cohort was 78% (n =
234). Among those with short-term symptoms, the mean
number of neuropsychiatric symptoms suffered per patient
was 3.40 +1.930. In contrast, a majority of those suffering
from short-term neuropsychiatric symptoms improved post 6
months of study follow-up with only 58 (22.75%) of the
patients showing persistence with long-term symptoms (p =
0.001). From those post 6 months cohort with long-term
neuropsychiatric symptoms, the mean number of symptoms
suffered per patients was 2.09+1.218. After 6 months post
COVID-19 infection, the mean number of persistent
neuropsychiatric symptoms suffered per patient was
statistically significantly reduced (p < 0.001).

The most prevalent short-term neurological symptoms were
anosmia (46%), ageusia (38%), headache and myalgia
(36%). On the other hand, the most prevalent long-term
neurological symptoms were headache (7.8%), myalgia
(7.6%) and sleep disturbance (6.7%). From a psychological
aspect, about 73% and 76% have mild depressive and
anxiety symptoms respectively during both initial and
subsequent assessments (Table II). Besides, ageusia, anosmia,
delirium, anxiety, depressive and cognitive impairment were
among those neuropsychiatric symptoms that were found to
be persistent post 6 months of evaluation (p>0.05) while
movement disorder cannot be assessed in this study due to
the small sample size (n = 1).
Associations and Predictors of Short-
Neuropsychiatric Symptoms

The univariate analysis (Table III) demonstrated no
statistically significant association between
sociodemographic characteristics (age, race) and clinical
characteristics (risk factors, oxygen requirements, ICU
admission, COVID-19 vaccination status) with the
manifestation of short-term neuropsychiatric symptoms (p >
0.05). COVID-19 disease severity was reported to be the only
influencing predictor that affected the development of short-
term symptoms. After adjusting and controlling all the
possible confounding variables under the multivariate
logistic regression, patients presented with COVID-19 Stage 2
and 3 infections appeared to have 4 to 5 times higher risk of
suffering from short-term neuropsychiatric symptoms
compared to other stages of infections. The reported adjusted
OR for Stage 2 infection was 5.18 (95% CI: 1.48-  16.98; p
= 0.009) and for Stage 3 infection was 4.52 (95% CI: 1.76-
11.59; p = 0.002).

and Long-Term

Following 6 months of study follow-up, COVID-19
vaccination status was found to be a significant predictor for
long-term neuropsychiatric sequelae in multiple regression
analysis. Interestingly, while vaccination status did not show
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to affect short-term symptoms, those with complete COVID-
19 vaccination demonstrated approximately 3.6 times higher
risk of long-term deficits with adjusted OR 3.65 (95% CI 1.22-
10.91; p = 0.021). From another perspective, although
COVID-19 disease severity was shown to be associated with
short-term symptoms, it did not become an influencing
predictor post 6 months of follow-up (p>0.05). Furthermore,
our 6 months post-data implied that persistent
neuropsychiatric deficits were independent from other socio-
demographic characteristics (age, race) and clinical
characteristics (risk factors, oxygen requirements, ICU
admission) from the regression analysis with p > 0.05 (Table
V).

DISCUSSION

SARS-CoV-2 affects multiple systems acutely and also brings
long-term effects to human health, known as long COVID.
This study mainly focuses on the neurological and
psychological impacts of COVID in acute infection and long-
term effects later in life. We enrolled 300 patients who were
diagnosed with COVID-19 infection and followed up in 6
months’ time to assess for persistent neuropsychiatric
symptoms. After 6 months, 255 patients were reassessed. We
extensively outlined the neuropsychiatric symptoms,
sociodemographic (age, gender, race, risk factors,
comorbidities) and clinical variables (COVID stage, oxygen
requirement, steroid use, ICU admission, vaccine status)
observed within the cohort. This comprehensive list aimed to
offer a detailed exploration of the cohort's clinical profile and
contribute to a nuanced understanding of the study
population.

Our mean age of expectancy was found to be lower
compared to previous studies conducted in Mediterranean
cohorts, specifically in Italy, Brazil and Spain.® This variance
can be attributed to the overall lower life expectancy in
Malaysia, a Southeast Asian country characterised by its
diverse population comprising three main ethnic groups—
Malays, Chinese and Indians. Despite the cultural and
demographic differences, our study revealed no significant
correlation between race and the occurrence of
neuropsychiatric syndromes in both short and long-term
period. Furthermore, it is a well-established fact that
individuals with comorbidities often face heightened risks of
severe illnesses or complications during acute illness.
Consequently, our study was strategically designed to explore
the potential relationship between comorbidities and
neuropsychiatric symptoms. Interestingly, our findings defied
expectations, as the study did not unveil a clear correlation
between a patient's premorbid conditions and the subsequent
development of neuropsychiatric symptoms.

From this study, we found that 78% of cohorts exhibited
short-term neuropsychiatric symptoms while 22.75%
experienced persistent symptoms. The number of patients
with short-term symptoms was higher, whereas the number
of patients with long-term symptoms fell between other
studies.*¢”'¢'718 This difference could be attributed to people
being more anxious and paying closer attention to symptoms
when experiencing less severe respiratory symptoms.
Additionally, increased knowledge about the effects of
COVID-19 on various systems may contribute to higher
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awareness and education among the public, leading to more
reported symptoms.

The most prevalent short-term neurological symptoms were
anosmia (46%), ageusia (38%), headache and myalgia
(36%). These results were similar to other studies.”* The most
prevalent long-term neuropsychiatric symptoms were
headache (7.8%), myalgia (7.6%) and sleep disturbance
(6.7%). All of these neuropsychiatric manifestations were the
results of direct invasion of SARS-COV-2 virus into CNS via
olfactory nerve or interaction with angiotensin-converting
enzyme 2 (ACE2) receptors on the endothelial cells of the
blood-brain barrier (BBB), systemic inflammation and
massive cytokine release, cerebrovascular changes and
complications of multi-organ dysfunction.>*” Additionally,
there has been a hypothesis concerning the activation of the
PYD domains-containing protein 3 (NLRP3) inflammasome
and interleukin-1f, which causes the pathological
accumulation of neurodegeneration-associated peptides.
These peptides, such as fibrillar amyloid-, induce or worsen
neurodegenerative processes, ultimately leading to
functional impairment in Alzheimer’s Dementia. The
heightened secretion of IL-1B through the activation of
NLRP3 can induce neuroinflammation, neuronal death and
cognitive impairments. This process might play a role in the
pathogenesis of Alzheimer's Disease (AD)."”” In our study,
4.7% of patients suffer memory disturbance as a long-term
sequelae (p <0.05). This raises the concern of COVID-19-
infected patients tending to suffer neurodegenerative disease
in the future and further follow-up studies are warranted.

Noteworthy, mild depression and mild anxiety were highly
prevalent among acute infection and during long-term
follow-up (p > 0.5). This could be due to multifactorial, e.g.
worrying of one's own health, societal stigmatisation,
isolation policy, financial restraint due to worldwide
economic recession, post-traumatic stress disorder (PTSD) and
fear of long-term impact on health. Prevalence of PTSD
symptoms in COVID19-19 was 9%." The intense stressors
linked to COVID-19 encompassed experiences such as
undergoing treatments during severe illness (fear of death in
critical situations, pain resulting from medical interventions
like endotracheal intubation and central line insertion, and
dealing with any complications), as well as witnessing the
severe illness or death of beloved family members. Depression
and anxiety have been identified as potential contributors to
a decline in concentration, with a 5% decrease in the short
term and a 1.96% decrease in the long term. Additionally,
these psychological factors are associated with sleep
disturbances, manifesting as an 18.67% occurrence in the
short term and a 6.67% occurrence in the long term (p <
0.05).

Our study showed that patients with mild COVID-19 were
associated with short-term neuropsychiatric symptoms.
COVID-19 Stage 2 and 3 infections appeared to have 4 to 5
times higher risk of suffering from short-term
neuropsychiatric symptoms compared to other stages of
infections. Misra S et al. reported that mild COVID-19
patients have a higher tendency to get alteration in smell
and taste.” It could be due to our first line defense—nasal
cavity which acts as mechanical protection to prevent
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spreading of COVID-19 virus to the whole body. Thus, those
patients suffer less severe symptoms of the disease. Apart
from that, those severe COVID-19 patients are more ill and
may not be able to give clear history or attention to
neuropsychiatric symptoms as they are suffering from more
severe lung inflammation and/or other organ involvements.
Hence, severity of COVID-19 may predict the development of
neuropsychiatric symptoms in acute infection.

COVID-19 vaccine is generally safe and provides strong
protection from detrimental effects of COVID-19 and greatly
reduces the rate of hospitalisation. It has short, tolerable side
effects after injection. Nonetheless, this study found that
those who completed COVID-19 vaccination (received at least
two doses of COVID-19 vaccine eg Pfizer, AstraZenaca and
Sinovac) at least 14 days before infection with SARS-CoV-2
virus, demonstrated approximately 3.6 times higher risk of
long-term neuropsychiatric symptoms. This is contrary to
other studies, which showed favourable results of COVID-19
vaccine on long covid.”* It could be explained by the
difference in duration of follow-up, as this study has a longer
cohort period of 6 months, different SARS-CoV-2 variants,
and different socio-demographic background. Another
possible reason could be due to the existence of other factors
affecting neuropsychiatric symptoms, e.g. mild depression
symptoms that might be affected by stress of daily living.
Moreover, perception of patients is subjective, and belief or
fear of vaccines will bring long-term side effects. Those non-
specific symptoms may be over-reported by the cohort.

LIMITATIONS

The limitations of this study include a small sample size,
particularly in the incomplete vaccinated group, which
accounted for only 16% of the study population at the end of
the study. Secondly, it is not possible to confirm that the long-
term neuropsychiatric symptoms were solely caused by
COVID-19 since there was no comparison group. Thirdly,
those suffering severe COVID-19 infection may not be able to
provide a clear history and under-report the neuropsychiatric
symptoms.

CONCLUSION

This study highlighted that neuropsychiatric symptoms were
common among COVID-19 patients in Johor, Malaysia and
most of these symptoms improved after 6 months. The most
prevalent short-term neurological symptoms were anosmia,
ageusia, headache and myalgia whereas the most frequent
long-term neurological symptoms were headache, myalgia
and sleep disturbance. Additionally, the risk of these
symptoms was associated with the severity of the infection.
Nonetheless, socio-demographic and premorbid did not
correlate with short and long-term neuropsychiatric
symptoms. Moreover, complete vaccination did not fully
protect against long-term neuropsychiatric deficits. These
findings emphasise the importance of monitoring and
addressing neuropsychiatric symptoms in COVID-19
patients. Further follow-up and monitoring for any potential
neuropsychiatric symptoms or neurodegenerative disease is
warranted.
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