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Factors Affecting Healthcare Employee Satisfaction
and Their Relationship to Patient Satisfaction in
Community Health Centres

Alva Cherry Mustamu'?
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Background/Aim: In the realm of healthcare services, the satisfaction rong City, West Papua Province, Indonesia.

of medical professionals in their workplace environment has become a Citation:

central concern closely associated with the perceived satisfaction levels of Mustamu AC. Factors affecting healthcare employ-

patients. This research investigated the intricate relationship between em- ee satisfaction and their relationship to patient satis-

faction in community health centres. Scr Med. 2024

ployee satisfaction and patient satisfaction within the context of communi- May-Jun;55(3):263-74.

ty health centres. The study aimed to identify specific factors of employee
satisfaction, such as compensation, supervision and work environment, Corresponding author:
that potentially influence the level of patient satisfaction. ALVA CHERRY MUSTAMU )
Methods: Employing a cross-sectional descriptive design, a total of 162 Ef alvamustamu@poltekiessorong.ac.id
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employees and 276 patients from 13 community health centres partici-
pated in this study, conducted between June and September 2023. The
participants were selected based on specific criteria, including age above
17, fluency in Indonesian and ability to complete the questionnaires. The
study utilised two questionnaires: one measuring patient satisfaction with
aspects of healthcare service and the other gauging employee satisfac-
tion concerning management practices in community health centres. Both
questionnaires employed Likert scale measurements to gather responses.
Results: The findings indicated a significant influence of investigated fac-
tors on patient satisfaction. Notably, compensation of employees emerged
as a crucial factor significantly affecting patients satisfaction, aligning with
previous research emphasising its importance in healthcare settings.
Conversely, other factors such as supervision, work relationships, nature
of work, opportunities for status change and work interactions with col-
leagues of employees did not exhibit a significant impact on patient sat-
isfaction.
Conclusions: The study findings conformed the importance of compen-
sation of employees a pivotal factor in designing strategies to improve pa-
tient satisfaction in community health centres. While other factors like su-
pervision and work interactions did not demonstrate statistically significant
correlations, this suggests the potential for more complex relationships
that warrant further investigation. Identifying specific factors that influence
patient satisfaction in community health centres can significantly contrib-
ute to enhancing healthcare service quality and overall patient satisfaction
in the future.
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Introduction

In the realm of healthcare services, the satisfac-
tion of medical professionals in their workplace
environment has become a central concern close-
ly associated with the perceived satisfaction
levels of patients.”* Within healthcare facilities,
factors such as service quality, treatment costs,
facilities and communication have been rec-
ognised as primary drivers of patient satisfac-
tion.*” Meanwhile, specific aspects of medical
professional satisfaction, such as compensation,
supervision, working conditions and career de-
velopment opportunities, also play a significant
role in shaping the performance and services pro-
vided by healthcare workers.®® Primary health-
care centres, particularly community health cen-
tres, hold a pivotal role in delivering healthcare
services to the community.!*** Thus, a profound
understanding of the factors influencing patient
satisfaction in the community health centre envi-
ronment becomes highly crucial.

Although previous research has provided an
overview of the relationship between medical
staff satisfaction and patient satisfaction, there
is still room to further explore the correlation
and influence of certain factors within the com-
munity health centre setting.** The limitations
in understanding provide a platform for deeper
research to delve into the specific role of medical
staff satisfaction factors in influencing patient
satisfaction in community health centres. The
understanding of the significance of the commu-
nity health centre environment in influencing
patient satisfaction is also an aspect that has not
been entirely disclosed in previous literature.?’
Hence, this research is expected to fill this knowl-
edge gap by exploring the complexity of the rela-
tionship between medical staff satisfaction and
patient satisfaction, particularly within the com-
munity health centre environment.?® %

The aim of this study was to analyse the impact
of specific factors related to medical staff satis-
faction, such as compensation, supervision and
the work environment, on patient satisfaction in
community health centres.

Methods

This study employed a descriptive cross-section-
al research design. The research participants

Mustamu. Scr Med. 2024 May-Jun;55(3):263-74. M

consisted of 162 employees and 276 patients
from 13 community health centres between June
and September 2023 in Teluk Wondama Regen-
cy, West Papua Province, Indonesia. They were
selected using a combination of purposive sam-
pling and cluster sampling techniques. Purposive
sampling ensured that participants met specific
criteria, including: patients aged 17 and above,
capable of speaking and understanding the In-
donesian language, not excessively confused or
unwell to complete the questionnaire and willing
to participate in the study, along with all employ-
ees willing to be respondents. Respondents who
did not fully complete the questionnaire and the
heads of the health centres were excluded from
this study. Cluster sampling was employed to
select diverse community health centres as clus-
ters and then participants within these clusters.
This approach facilitated the inclusion of rele-
vant individuals and varied healthcare facilities,
enhancing the representativeness and generalis-
ability of the study findings. This study employed
the age of 17 as the cut-off age for respondents
due to considerations related to policies or reg-
ulations in the research environment in Indone-
sia, where the age of 17 is often regarded as the
age of majority or the age at which individuals
are considered to have attained a sufficient level
of cognitive maturity to participate in research.
Additionally, at this age, individuals tend to be
more independent in utilising healthcare services
without the need for parental or guardian pres-
ence. The sample size calculation was conducted
with a confidence level of 95 %. Each respondent
required approximately 10 minutes to complete
the entire questionnaire.

Measurement - questionnaires and
variables

The Patient Satisfaction Questionnaire regarding
community health centre services was designed
by researcher to measure the anticipated patient
needs when receiving services at community
health centres. This scale was developed using
the patient satisfaction domains towards commu-
nity health centre services, consisting of: Service
quality, Treatment costs, Facilities and Communi-
cation. Participant responses were provided us-
ing a 5-point Likert scale. Each domain comprised
three questions with five response options: very
dissatisfied (1), dissatisfied (2), moderately satis-
fied (3), satisfied (4) and very satisfied (5). Fur-
thermore, the questionnaire for this research has
undergone validity and reliability testing.
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The Employee Satisfaction Questionnaire regard-
ing community health centre management was
designed by researcher to measure how well the
needs of employees could be facilitated by the
management of the community health centres.
This scale was developed using domains of em-
ployee satisfaction with the community health
centre workforce, including: Compensation, Su-
pervision, Nature of work, Work interactions
with colleagues, Working environment, Career
development opportunities and Job security. Par-
ticipant responses were gathered using a 5-point
Likert scale. Each domain consisted of three
questions with five response options: very dis-
satisfied (1), dissatisfied (2), moderately satisfied
(3), satisfied (4) and very satisfied (5). Further-
more, the questionnaire for this research has un-
dergone validity and reliability testing.

Data collection and analysis

The data collection process commenced by ob-
taining permission from the thirteen heads of
the community health centres. Subsequently, the
purpose and objectives of the research were ex-
plained, followed by requesting informed consent
and questionnaire completion for the community
health centre employees. For patient respondents,
data were collected after they received services,
preceded by an explanation of the research and
signing of informed consent.

The collected data were analysed using the
Jamovi software.*® The analysis involved exam-
ining the relationship between employee satis-
faction domains and patient satisfaction using
Pearson correlation and multiple linear regres-
sion. The statistical analysis conducted in this
study focused on examining the demographics of
employees and patients at the community health
centre, as well as their satisfaction levels and the
correlation between employee satisfaction and
patient satisfaction. Descriptive statistics were
used to analyse demographic data, including age,
gender, education, employment status, marital
status, family dependents and other relevant fac-
tors among employees and patients. Additionally,
correlation analyses were performed to investi-
gate the relationship between employee satisfac-
tion factors and patient satisfaction, as well as the
influence of specific demographic background
factors of employees on patient satisfaction. The
analysis revealed intriguing differences in demo-
graphics between employees and patients, with
notable variations observed in age, gender, edu-
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cation, employment status and other factors. Fur-
thermore, regression analyses were employed
to assess the influence of employee satisfaction
factors and demographic background factors on
patient satisfaction at the community health cen-
tres. These analyses provided insights into the
factors that contribute to patient satisfaction and
highlighted the significance of employee satisfac-
tion, employment status and health insurance in
influencing patient satisfaction levels.

Validity and reliability analysis

The questionnaire validity tests indicated a
range of values ranging from 0.630 to 0.776 with
a Cronbach’s a value of 0.972 for patient satisfac-
tion and 0.780 to 0.791 with a Cronbach’s a value
of 0.908 for employee satisfaction.

Results

The demographic data of employees and patients
at the community health centre revealed intrigu-
ing differences between these two groups (Table
1). The average age of employees was approx-
imately 39.8 years, ranging from 24 to 59 years
old, while patients had an average age of around
40.6 years, with an age range between 17 and 65
years. A majority of the employees were females,
accounting for 52.5 %, whereas among the pa-
tients, the percentage of females reached 50.4 %.
In terms of educational attainment, a substantial
proportion of employees held a Bachelor’s de-
gree (55.6 %), while the majority of patients had
completed their high school education (24.3 %).
Other differences emerged concerning employ-
ment status; a significant portion of employees
had non-permanent employment (51.2 %), while
the majority of patients had permanent jobs (29.7
%). Furthermore, noticeable differences were ob-
served in marital status and family dependents
between the two groups. Most employees were
married (54.3 %) and had family dependents
(54.3 %), whereas the majority of patients were
unmarried (45.7 %) and had family dependents
(52.2 %).

From the data (Table 2), it is observed that the
overall average employee satisfaction level stood
at 82.8 + 4.15, indicating a relatively high satis-
faction level tendency. Regarding the various
domains of satisfaction, the survey results ex-
hibited variability in employee satisfaction lev-
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Table 1: Sociodemographic data of the sample
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Variable, N ( %)

Employees

Patients

Age, mean + SD (Min-Max)

39.8 = 9.94 (24-59)

40.6 + 13.8 (17-65)

Work experience, mean + SD (Min-Max)

13.3 = 7.17 (1-25)

Gender

Female 85 (52.5) 139 (50.4)
Male 77 (47.5) 137 (49.6)
Highest education attainment
No education - 52 (18.8)
Elementary school (SD) - 50 (18.1)
Junior high school (SMP) - 59 (21.4)
Senior high school (SMA) - 67 (24.3)
College/University - 48 (17.4)
Diploma Ill 72 (44.4) -
Bachelor's degree 90 (55.6) -
Employment status
Unemployed - 95 (34.4)
Permanent employment 79(48.8 82 (29.7)
Temporary employment 83(51.2 99 (35.9)
Current position
Administrative officer 14 (8.6) -
Pharmacist 15(9.3) -
Midwife 29 (17.9) -
Nutritionist 15(9.3) -
Environmental health officer 22 (13.6) -
Laboratory analyst 22 (13.6) -
Nurse 45 (27.8) -
Family responsibilities
No 74 (45.7) 144 (52.2)
Yes 88 (54.3 132 (47.8)
Marital status
Single 74 (45.7) 84 (30.4)
Married 88 (54.3 103 (37.3)
Widowed/Divorced - 89 (32.2)
Dependent children
No 74 (45.7) -
Yes 88 (54.3 -
Experience of training or special
certification in health sector
No 2(1.2) -
Yes 160 (98.8) -
Work experience in the health sector
No 2(1.2) -
Yes 160 (98.8) -
Distance from community health centre
Not close 84 (51.9) -
Close 78 (48.1) -
Additional workload apart from work at
community health centres
No 135 (83.4) -
Yes 27 (16.6) -
Health insurance
No 1(0.6) 142 (51.4)
Yes 161 (99.4) 134 (48.6)
Frequency of visits to community health
centres per year
Once - 140 (50.7)
More than 1 time per year - 136 (49.3)
Chronic medical conditions
No - 127 (46.0)
Yes - 149 (54.0)
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els across different job aspects. For instance, the
average score for Compensation stood at 12.1,
ranging from 9 to 15, indicating a relatively high
level of satisfaction regarding the compensation
received by the employees. However, aspects
such as Supervision, Nature of work, Work inter-
actions with colleagues, Working environment,
Career development opportunities and Job se-
curity showed variations in satisfaction scores,
although generally maintaining a relatively pos-
itive range between 9 to 15.

Table 2: Scores for the overall average employee satisfaction
level and satisfaction domains at community health centres

Variables Mean SD Min  Max

Employee satisfaction 82.8 415 73 93
Domains

Compensation 12.1 1.55 9 15

Supervision 11.7 1.41 9 15

Nature of work 11.8 1.49 9 15

Work interactions with colleagues 11.8 1.55 9 15

Working environment 11.9 1.56 9 15

Career development opportunities 11.7 1.44 9 15

Job security 11.8 1.46 9 15

SD: standard deviation; Min: minimum; Max: maximum; Values are based on
Likert 5 scale.

The overall average patient satisfaction rate was
approximately 48, with a standard deviation of
298, indicating that, generally, patient satisfac-
tion fell within a moderate range (Table 3). Upon
examining the satisfaction domains, it is evident
that the quality of service, cost of treatment, fa-
cilities and communication all had average scores
above 11 (within the range of 9 to 15). This sug-
gests that patients tended to provide positive
assessments regarding these aspects in the ser-
vices they receive at the community health cen-
tre.

Table 3: Scores for the overall average patient satisfaction level
and service-related satisfaction domains at community health
centres

Variables Mean SD Min  Max
Patient satisfaction 48.0 2.98 40 57
Domains
Quality of service  12.1 1.37 9 15
Cost of treatment  11.9 1.36 9 15
Facilites  11.9 1.37 9 15

Communication  12.1 1.36 9 15

SD: standard deviation; Min: minimum; Max: maximum; Values are based on
Likert 5 scale.

Table 4 presents the correlation results between
employee satisfaction and patient satisfaction
at the community health centre. It is shown that
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the correlation between employee satisfaction
and patient satisfaction had a Pearson’s r value
of -0.169, with a p-value of 0.031. This indicates
a statistically significant yet weak correlation
between employee satisfaction and patient satis-
faction at the community health centre. Further-
more, the table also illustrates the correlation be-
tween various aspects of employee satisfaction
(such as compensation, supervision, nature of
work, work interactions with colleagues, work-
ing environment, career development oppor-
tunities and job security) with various aspects
of patient satisfaction (quality of service, cost
of treatment, facilities and communication). In
some cases, there were significant correlations
between specific aspects of employee satisfac-
tion and specific aspects of patient satisfaction.
For instance, compensation showed a significant
positive correlation with the quality of service,
cost of treatment, facilities and patient communi-
cation. However, several other aspects of employ-
ee satisfaction, such as the nature of work, work
interactions with colleagues and the working en-
vironment, did not demonstrate significant cor-
relations with patient satisfaction.

The table 5 indicates that within the gender cat-
egory, the correlation between this variable and
patient satisfaction domains (quality of service,
treatment cost, facilities and communication)
was relatively weak with correlation coefficients
ranging from -0.058 to 0.069 and not statistically
significant (p > 0.05). Conversely, the age vari-
able showed a significant correlation with treat-
ment cost (Pearson’s r = 0.195, p = 0.013) and the
highest education level had a significant correla-
tion with treatment cost (Pearson’s r = 0.160, p =
0.041). Employment status revealed a significant
correlation with treatment cost (Pearson’s r =
0.165, p=0.035). Additional work burden besides
work at the community health centre did not ex-
hibit a significant correlation with patient satis-
faction domains. Furthermore, other variables
such as family dependents, marital status, de-
pendent children, specific health sector training,
previous work experience in the health sector,
proximity to the health centre and having health
insurance did not show significant correlations
with patient satisfaction domains.

Employee’s compensation had a significant in-
fluence on patient satisfaction, with a regression
coefficient (b) of 0.408 (95 % CI: 0.098 to 0.717)
(Table 6). This indicates that for each one-unit
increase in employee compensation satisfaction,
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Table 4: Correlation between employee satisfaction and patient satisfaction at the community
health centre

Patient satisfaction

Employe? H Quality of Cost of
satisfaction domain Corr? g 080 Facilites ~ Communication
service treatment

Compensation r 0.191* 0.098 0.165* 0.155
p 0.015 0.216 0.036 0.049

Supervision r 0.018 -0.128 -0.080 -0.15
p 0.824 0.105 0.314 0.057

Nature of work r -0.025 -0.116 -0.204 -0.059
p 0.751 0141 0.009 0.456

Work interactions with colleagues r -0.005 0068 -0.092 -0118
p 0.949 0.263 0.246 0.135

Working environment r -0.104 -0.027 0.036 0.024
p 0.186 0.735 0.653 0.760
r - * B

Career development opportunities 0.061 0.044 0.170 0.035
p 0.444 0.582 0.031 0.662
r _ i _ -

Job security 0.114 0.107 0.133 0.098
p 0.148 0175 0.093 0.213

Emol tisfacti r -0.169

mployee satisfaction 0 0,031

7: Pearson’s correlation, r: correlation coefficient, p: p-value; * p < 0.05, ** p < 0.01;

Table 5: Correlation between employee demographics and patient satisfaction domains at
community health centres

Patient satisfaction

Employee demographics Qualityof  Cost of . .
orr? | Facilities Communication
service treatment
r 0.061 -0.038 0.069 -0.058
Gender
p 0.440 0.627 0.380 0.462
Age r 0.015 0.195* -0.037 0.076
p 0.854 0.013 0.638 0.339
Highest education attainment ' -0.038 0.160" 0.019 -0.015
p 0.631 0.041 0.815 0.854
r R R
Length of employment 0.049 0.083 0.009 0.009
p 0.537 0.296 0.912 0.910
Employment status r 0.074 0.165* 0.053 0.129
p 0.352 0.035 0.506 0.103
r
Family dependents 0.065 -0.031 0.096 0.005
p 0.408 0.694 0.226 0.948
Marital status r -0.007 -0.034 0.018 -0.022
p 0.926 0.672 0.817 0.782
T
Dependent children -0.039 -0.009 0.026 0.077
P 0.623 0.913 0.740 0.328
Health sector training or special r -0.076 -0.045 -0.120 -0.073
certification experience p 0.336 0.566 0.130 0.358
) r 0.067 0.073 0.044 -0.138
Health sector work experience b 07395 0358 0582 0.080
Distance from the community r 0117 -0.129 -0.027 0.037
health centre p 0.139 0.101 0.738 0.644
Additional work burden besides work r 0.028 -0.027 0.140 0.000
at the community health centre p 0.720 0.729 0.076 1.000
Health insurance -0.114 -0.061 -0.112 -0.051
p 0.148 0.439 0.155 0.518

7: Pearson’s correlation, r: correlation coefficient, p: p-value; * p < 0.05, ** p < 0.01;
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Table 6: The influence of specific employee satisfaction factors on patient satisfaction at community health

269

centres

Predictor Estimate SE t p b 95 % CI
Intercept 52.1898 4.908 10.634 <0.001

Compensation 0.4078 0.158 2.580 0.011 0.4078  (0.098,0.717)
Supervision -0.1168 0174 -0.671 0.503 -0.1168  (-0.456, 0.222)
Nature of work -0.2264 0.161 -1.409 0.161 -0.2264  (-0.543,0.090)
Work interactions with colleagues -0.1555 0.154 -1.013 0.313 -0.1555  (-0.456, 0.145)
Working environment -0.0658 0.149 -0.443 0.658 -0.0658  (-0.359, 0.227)
Career development opportunities 0.0575 0.165 0.347 0.729 0.0575  (-0.268, 0.383)
Job security -0.2571 0.167 -1.544 0.125 -0.2571  (-0.595, 0.081)

SE: standard error, t: test value; p: p-value, b: regression coefficient, Cl: confidence interval;

Table 7: The influence of specific sociodemographic factors of employees on patient satisfaction in community

health centres
Predictor Estimate SE t p b 95 % Cl
Intercept 51.8881 45345 11.443 <0.001
Gender 0.3769 0.5035 0.749 0.455 0.3769 -0.614 - 1.368
Age 0.0394 0.0246 1.606 0.110 0.0394 -0.008 - 0.087
Highest education attainment 0.2128 0.4911 0.433 0.665 0.2128  -0.753-1.179
Length of employment -0.0108 0.0347 -0.312 0.756 -0.0108  -0.078 - 0.056
Employment status 1.0240 0.4978 2.057 0.041 1.0240  0.044 -2.004
Family dependents 0.1456 0.4893 0.298 0.766 0.1456  -0.814-1.106
Marital status -0.0860 0.4971 -0.173 0.863 -0.0860 -0.666 - 0.494
Dependent children 0.1547 0.4819 0.321 0.749 0.1547 -0.796 - 1.106
Health sector raining or special 32796 22188 1478 0142 32796  -7.645-1086
certification experience
Health sector work experience 0.4221 0.4872 0.866 0.388 0.4221 -0.534-1.378
Distance from the community 01050  0.5010 0.210 0.834 01050  -0.887 - 1.097
health centre
Additional work burden besides work i 4g87 1318 0.190 0.6441  -0.317-1.605
at the community health centre
Health insurance -6.4882 3.1577 -2.055 0.042 -6.4882 -12.685 - -0.292

SE: standard error, t: test value; p: p-value, b: regression coefficient, Cl: confidence interval;

there was an associated increase of 0.408 units in
patient satisfaction. However, other factors such
as supervision, nature of work, work interactions
with colleagues, working environment, career
development opportunities and job security did
not show a significant influence on patient sat-
isfaction, as the regression coefficients (b) for
these factors had statistically insignificant val-
ues. Nevertheless, these results suggest that em-
ployee compensation may be one of the important
factors in influencing patient satisfaction at com-
munity health centres, while other factors may
require further research for full understanding.

The Table 7 presents the influence of specific de-
mographic background factors of employees on
patient satisfaction in community health centres.
The regression analysis results indicate that sev-
eral demographic variables had varying degrees
of influence on patient satisfaction. Employment
status showed a statistically significant positive
influence on patient satisfaction (b = 1.024, p =
0.041), suggesting that employees with perma-

nent or stable employment status tended to con-
tribute positively to patient satisfaction levels.
Conversely, health insurance status demonstrated
a statistically significant negative influence on
patient satisfaction (b = -6.488, p = 0.042), indi-
cating that employees without health insurance
coverage may have lower levels of patient satis-
faction.

Other demographic variables such as gender, age,
highest education attainment, length of employ-
ment, family dependents, marital status, depen-
dent children, health sector training or special
certification experience, health sector work ex-
perience, distance from the community health
centre and additional work burden besides work
at the community health centre, did not exhib-
it statistically significant influences on patient
satisfaction. For instance, gender (b = 0.377,p =
0.455), age (b = 0.039, p = 0.110), highest educa-
tion attainment (b = 0.213, p = 0.665) and oth-
er variables showed no significant associations
with patient satisfaction levels. These findings
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suggest that while certain demographic factors
such as employment status and health insurance
coverage may significantly impact patient sat-
isfaction, other factors such as gender, age and
education level may not play significant roles in
determining patient satisfaction levels in com-
munity health centres.

Discussion

In this study, various aspects related to employee
and patient satisfaction at community health cen-
tres were examined. This includes analysing each
domain of employee and patient satisfaction as
well as the sociodemographic factors of employ-
ees as service providers. The primary objective
of this research was to identify specific factors of
employee satisfaction that potentially influence
the level of patient satisfaction within the com-
munity health centres environment.

The findings indicate that compensation and
health insurance, which is also part of the com-
pensation package, significantly influence patient
satisfaction at the community health centres.
However, other factors such as supervision, rela-
tionships with colleagues, nature of work, oppor-
tunities for status change and work interactions
with colleagues did not demonstrate a significant
influence on patient satisfaction.

These findings are consistent with prior research
showing variability in the impact of employee
satisfaction factors on patient satisfaction, espe-
cially in unique healthcare service environments
such as community health centres.?” 283133 This
study confirms that compensation (salary, wages,
benefits including health insurance) is a crucial
factor influencing patient satisfaction, while oth-
er factors shown less significant or statistically
insignificant impacts.

Employee compensation factors such as salary,
wages, benefits including health insurance, sig-
nificantly impact patient satisfaction in health-
care service environments such as community
health centres.!? 233435 Several aspects explain
why adequate compensation for employees pos-
itively affects patient satisfaction. Firstly, good
compensation can enhance employee motivation
and performance. When employees feel that their
salary corresponds to their contributions and

Mustamu. Scr Med. 2024 May-Jun;55(3):263-74. [ |

responsibilities, they tend to be more motivated
to perform their duties better. This implies that
they might provide better, more responsive and
caring services to meet patient needs, thereby
enhancing patient satisfaction.3¢-4!

Secondly, adequate compensation can improve
employee retention and workforce quality.*>*!
Satisfied employees with their compensation
tend to stay longer in healthcare institutions, re-
ducing employee turnover that can affect patient
care continuity.>* 5 It also enables employees to
gain broader experiences, enhancing their pa-
tient care skills, which ultimately can positively
affect patient satisfaction.>*>¢ Additionally, em-
ployees satisfied with their compensation tend to
feel more emotionally committed to their work,
which can enhance the quality of services provid-
ed to patients.>”°

These findings underline the need to further con-
sider compensation factors in designing strate-
gies to improve patient satisfaction at Communi-
ty health centres. While factors like supervision
and work interactions did not show significant
correlation, further research is necessary to un-
veil more complex relationships that could offer
new insights into enhancing patient satisfaction.

There is potential for developing new models
to enhance healthcare service quality. One such
model could integrate key employee satisfaction
factors into a more comprehensive framework.
This model could account for the complex rela-
tionship between various employee satisfaction
factors such as compensation, supervision, inter-
actions with colleagues and others with patient
satisfaction.®®-®> Moreover, this model could also
involve employee demographic background vari-
ables such as age, education, employment status
and health insurance to provide a more complete
picture of factors influencing patient satisfaction.

Conclusion

Upon meticulous analysis, the research has
revealed that employee’s compensation sig-
nificantly impacts patient satisfaction, unlike
other factors such as supervision, interper-
sonal relationships in the workplace, the na-
ture of work, prospects for career progression
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and interactions among colleagues, which did
not exhibit a substantial effect. Furthermore,
this study also indicates that the environment
within the healthcare centre, which has pre-
viously received limited research attention,
does not notably influence patient satisfaction.
These findings emphasise the necessity of re-
assessing strategies and directing attention
toward compensation-related aspects while
formulating policies to enhance patient satis-
faction within the healthcare centre. Nonethe-
less, these findings open avenues for further
exploration into additional factors influencing
patient satisfaction and for developing a more
comprehensive model to improve healthcare
services extended to the community. Besides
offering new insights, the findings of this re-
search are anticipated to serve as a foundation
for developing models and recommendations
aimed at enhancing the healthcare service sys-
tem in community health centres.
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dominant site (54.6 %), mortality rate was 1.3 %. Ejection fraction (LVEF)
was below 45 % in 66.7 % of the patients, majority (70.7 %) with isch-
aemic hypokinesia. Smoking was the most common risk factor (77.3 %).
Heart failure (HF) was the most common complication (57.3 %). There were
significant relationship between HF occurrence and number of risk fac-
tors, LVEF, anterior site of ACS and number of echo findings. There were
non-significant increase in relative risk of HF with each risk factor, positive
troponin and pre-admission pain duration. Prediction tests showed an as-
cending positive slope of HF risk with number of risk factors, duration of
admission and age.

Conclusion: There was a high rate of HF occurrence in this study which
is mostly attributed to major wall damage due to blockage of the main
coronary artery. Analysis demonstrated a good survival rate but high rate
of HF occurrence urges for more consideration of guideline-directed man-
agement.
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Introduction

Acute coronary syndrome (ACS) is a subset of and ST-segment elevation myocardial infarction
coronary heart disease which includes myo- (STEMI).? ACS is responsible for a significant
cardial symptomatic clinical changes with or  number of inpatient admissions worldwide, with
without electrocardiogram (ECG) changes and 175,000 inpatient admissions in the United King-
cardiac troponin! - unstable angina, non-ST-seg-  dom in 2012.3 ACS is more common in males than
ment elevation myocardial infarction (NSTEMI)  females, with a male to female ratio of 2.19:1.*

Copyright © 2024 Nashtar et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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ACS is caused by the rupture of an atherosclerotic
plaque in the coronary artery, leading to the for-
mation of a blood clot that obstructs blood flow
to the heart muscle. Many factors can precipitate
ACS, including physical or emotional stress, drug
use and spontaneous implantable cardioverter
defibrillator shocks.® Treatment for ACS includes
medications such as a bullous dose of acetylsali-
cylic acid (300 mg), heparin, antiplatelet therapy
(clopidogrel or ticagrelor) and nitroglycerin, as
well as invasive procedures such as percutane-
ous coronary intervention (PCI) and coronary
artery bypass grafting (CABG).°

Coronary artery disease (CAD) is a major cause
of morbidity and mortality worldwide due to
obstructive atherosclerotic coronary changes.
There are two main forms of CAD: chronic sta-
ble ischaemic heart disease where coronary ar-
teries slowly and progressively narrow over the
years. The other type is ACS. STEMI involves
complete occlusion of coronary artery due to
atherosclerotic plaque, characterised by ST- seg-
ment elevation and raised cardiac biomarkers.’
The commonly predicted risk factors of CAD are
hyperlipidaemia, hypertension, smoking, diabe-
tes, obesity, age factor including females above
55 years and males above 45 years and positive
family history.?

The common symptoms of CAD include chest dis-
comfort or anginal pain, shortness of breath or
dyspnoea, dizziness or lightheaded, palpitations,
nausea, stomach discomfort or vomiting and
sometimes weakness. Females may demonstrate
atypical symptoms. Over the years, CAD can vi-
tiate the heart and lead to complications like ar-
rhythmias most likely atrial fibrillation, cardiac
arrest, cardiogenic shock and heart failure (HF).?

Treatment and prevention for CAD embraces life-
style changes, risk factor prevention and med-
ications. The minimally invasive coronary re-
vascularisation procedure like PCI or coronary
angioplasty helps to improve blood flow to the
heart. CABG is another surgical method to create
a new path for the blood to flow around block-
ages. Medications include nitrates, beta blockers,
angiotensin-converting-enzyme (ACE) inhibitors,
angiotensin II receptor blockers (ARBs), statins
and antiplatelet agents. High and moderate risk
patients typically undergo surgery within 24-48
h. To evade high morbidity and mortality related
with ACS, it must be quickly and appropriately di-
agnosed and managed.!% 1!
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The age of onset of ACS varies widely, with pa-
tients ranging from 18 to 69 years old, with a me-
dian age of 28 years.* It is well known that ACS
risk increases with age. Therefore, it occurs more
often in older than younger age groups. Although
atherosclerotic changes appear early in arteries
but serious symptoms of disease usually needs
many years to be clinically prominent.!? The cut
offage of 45 years old had been suggested by most
researchers to define ACS in young patients.!?

There are increasing indicators of concern re-
garding the rates of ACS among young people but
data still deficient about disease management
outcomes which urge to more study of this sub-
ject.'* About 6-10 % of cardiac infarctions in Unit-
ed States occurs in patients below 45 years old.*
Regarding Iraqi data a study conducted in Duhok
City revealed that in 36 out of 380 (9.47 %) ACS
patients were less than 45 years age'® while an-
other study conducted in Sulaimaniyah showed
that patients below 45 years old were 21.6 %.”

The main objective of this study was to analyse
different clinical and pharmacological aspects
related to ACS in hospitalised patients under 45
years of age and their effects in cure and predic-
tion of complication occurrence.

Methods

This was a prospective observational cohort
study conducted in the Critical Care Unit of Ibn
Al-Nafees Cardiac Care Tertiary Centre, Al-Rusafa
Health Directorate, Baghdad-Iraq. Study included
225 patients (207 males, 18 females) admitted
for a period of 18 months from January 2020 to
June 2021. Data collection was done through a de-
tailed well-organised questionnaire forms. Data
were obtained directly from the patients and
some missed data were obtained from the clinical
records. Inclusion criteria included: patients low-
er than 45 years age from both sexes, presented
with typical chest pain and approved to be ACS,
treated within the adopted regime by giving an
urgentloading dose of antiplatelet (ticagrelor 180
mg or clopidogrel 300 mg) in addition to acetyl-
salicylic acid 300 mg and other needed medica-
tions, then being admitted urgently for PCI and
later followed-up until their discharge.

Prescriptions of all patients of either sex diag-
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nosed with ACS from the time the patient was ad-
mitted were collected and documented in a soft
and hard copy of case record form (CRF) includ-
ing the patient’s particulars and drug details. The
prescriptions were analytically scrutinised using
the WHO core prescribing indicators. Pregnant
females and patients with other interrelated car-
diac disease like arrhythmias, endocarditis and
rheumatic heart disease and other non-comply-
ing with inclusion criteria were excluded. All pa-
tients were diligently followed from the time of
admission till discharge. The past medical histo-
ry of the patient was also reviewed.

Socio-economic class was classified into low, in-
termediate and high according to a specific ques-
tions including residence, occupation, income
and other related information. Other data col-
lected directly from the patients, their relatives
and CRF.

Data analysis was done by Statistical Package for
Social Science (SPSS) version 24. Analysis and in-
terpretation of data was implemented by using
descriptive statistics to obtain frequencies and
proportions. Inferential statistics were conduct-
ed to obtain odds ratio, relative risk, Chi-square
test and logistic regression wherever needed.
Figures and tables were used for interpretation
and displaying of data. At 95 % confidence inter-
val (CI), p < 0.05 was considered statistically sig-
nificant in all tests.

Results

In this study, socio-demographic data of the pa-
tients which are listed in Table 1 had shown that
majority of the patients (70.7 %) were between
36-45 years. Majority of the patients were male
(92 %) with male to female ratio 11.5:1, married
(80.9 %) and from low socio-economic class (88.0
%). Most of them were employed (53.4 %) and
college graduated (54.2 %).

Regarding clinical findings, it was found that ma-
jority of the infarction sites were anterior (54.6
%). Left ventricular ejection fraction (LVEF)
was above 55 % in (37.3 %) of the patients. Echo
findings revealed that ischaemic hypokinesia
(70.7 %) and left ventricular (LV) systolic dys-
function (61.3%) were the most presenting fea-
tures. Coronary angiography demonstrated that
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Table 1: Socio-demographic characteristics of the patients with
the acute coronary syndrome

Socio-demographic
variables grap ] e
Age
<25 4 1.8
26-35 62 275
36-45 159 70.7
Sex
Male 207 92.0
Female 18 8.0
Marital status
Married 180 80.0
Single 40 17.8
Divorced 5 2.2
Socio-economic class
Low 198 88.0
Intermediate 18 8.0
High 9 4.0
Employment
Employed 120 53.4
Unemployed 105 46.6
Education
Illiterate 24 10.9
Primary school 38 16.8
Elementary school 35 15.5
College 122 54.2
High degree 6 2.6

N: number of patients; %: percentage of total number of patients;

left anterior descending artery (61.8 %) was the
most frequently blocked artery. Nause and vom-
iting (49.8 %) was the most frequent presenting
symptom after chest pain which was excluded
because it occurred in all patients and adopted
as a major inclusion criterion. Smoking (77.3 %)
was the most frequent risk factor. Troponin test
was negative in (58.7 %) of the patients. HF was
the most common complication in more than half
of the patients (57.3 %). Majority of the patients
(91.1 %) presented to the hospital within 1 day
of symptom appearance and about half (50.6 %)
were discharged after 4 days of hospital admis-
sion. Details are listed in Table 2.

Table 3 demonstrates the relationship between
the major complication (HF) and different clini-
cal features of the patients. The link between HF
occurrence and risk factors number was highly
significant (p < 0.00001). The same result was
obtained in relation to type of ACS, LVEF, echo
findings and duration of hospital admission.

Variables included were only those which were
related to HF (213 out of 225 patients). Chi-square
test was done, p-value was significant (< 0.05).
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There was no significant relationship between
age (p = 0.153), sex (p = 0.292) and employment
(p = 0.880) of the patients with occurrence of HF
(Table 4). On the other hand, there was a highly
significant relationship between marital status
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and HF (p < 0.00001).

Table 2: Clinical findings of patients with acute coronary syn-

drome under 45 years of age

Troponin
Positive 97 1.3
Negative 128 58.7
Complications
None 84 374
Arrhythmia 9 4.0
HF 129 57.3
Death 3 1.3
Time of admission after pain
Within 1 day 205 91.1
2 days 18 8.0
More than 2 days 2 0.9
Duration of admission (days)
2 18 8
3 54 24
4 114 50.6
5 24 10.7
6 15 6.7

*more than one feature could be presented in the patient. ACS: acute cor-
onary syndrome; LVD: left ventricular diastolic dysfunction; LVSD: left ven-
tricular systolic dysfunction; RVD: right ventricular dysfunction; MR: Mitral
regurgitation; TR: tricuspid regurgitation; AR: aortic regurgitation; HHD: hy-
pertensive heart disease; LV: left ventricle; MVP: mitral valve prolapse; LVH:
left ventricular hypertrophy; LMB: left marginal branch; LAD: left anterior de-
scending; CX: circumflex; RCA: right coronary artery; OM: obtus marginal;
HF: heart failure; N: number of patients; %: percentage of total number of
patients;

Table 3: Heart failure (HF) probability in relation to different clin-
ical variables

Variables HF-Yes HF-No Total p-value
Number of risk factors
1 3 24 27
2 63 30 93 .
3 and more 51 27 78 0.00001
None 12 3 15
Site of ACS
Anterior 84 24 108
Inferior 33 30 63 .
Lateral 3 6 9 0.000012
Stable/ unstable angina 9 24 33
LVEF
>55% 3 78 81
45-55 % 66 3 69 <0.00001*
<44 % 60 3 63
Echo findings
1 9 33 42
2 84 24 108 .
3 and more 34 6 40 < 0.00001
None 2 21 23
Duration of admission (days)
2 2 16 1
3 18 36 54
4 84 22 109  <0.00001*
5 16 5 21
6 9 5 15
Total 129 84 213

Variable N %
Type of ACS (infarction site)
Anterior 123 54.6
Inferior 63 28.0
Posterior 0 0.0
Lateral 6 2.7
Stable angina 3 1.3
Unstable angina 30 13.3
Left ventricular ejection fraction (LVEF)
>55% 84 37.3
45-55 % 69 30.7
35-44 % 60 26.7
<35% 12 5.3
Echo findings*
Normal 21 9.3
LvVDD 42 18.7
LVSD 138 61.3
Hypokinesia (ischemia) 159 70.7
RVD 15 6.7
MR 22 9.7
TR 17
AR 2.2
HHD 17 7.5
LV thrombosis 3 1.3
MVP 3 1.3
LVH 18 8.0
Findings of coronary angiography*
LmMB 9 4.0
LAD 139 61.8
CX 48 21.3
RCA 74 33.3
oM 3 1.3
Diagonal 0 0.0
Ramus 7 3.1
None 54 24.0
Clinical symptoms (other than chest pain)
Epigastric pain 22 9.8
Dyspnoea 42 18.6
Nausea and vomiting 112 49.8
Diaphoresis 6 2.7
None 43 19.1
Risk factors*
Diabetes mellitus 60 26.7
Smoking 17 773
Hypertension 75 33.3
Dyslipidaemia 12 5.3
Stress 129 57.3
Family history 36 16.0
CovID-19 18 8.0
None 3 1.3

Variables included are only those which were related to heart failure (213
out of 225 patients). ACS acute coronary syndrome; LVEF: left ventricular
ejection fraction;

*Chi-square test was done, p-value was significant (< 0.05).
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Table 4: Heart failure (HF) patient complication probability ac-
cording to socio-demographic variables

Socio-demographic

variables HF-Yes HF-No Total p-value
Age / years
22-33 18 18 36 01530
34-45 11 66 177
Sex
Male 120 81 201 0.2920
Female 9 3 12
Marital status
‘ Marrled 119 56 175 0.0001*
Single / divorced 10 28 38
Employment
Employed 72 46 118 0.8800
Unemployed 57 38 95
Total 129 84 213

*Chi-square test was done, p-value was significant (< 0.05);

Table 5: Relative risk and odd ratio of heart failure (HF) according to risk factors, troponin
value, pre-admission pain time and antiplatelet drug administered

Socio-demographic

variables Total HF-Yes HF-No RR 95%Cl p-value OR
Smoking
Y 177 1
o 08 89 422 0898-1658 0200 157
No 48 24 24
Dyslipidaemia
Yes 12
6 6 0.87 0.486-1.542  0.620 0.73
No 213 123 90
Hypertension
Yes 75 48 27
1.1 946 - 1.484 Al 1.51
No 150 81 69 8 0946 8 0130 >
Diabetes mellitus
Yes 60 %9 21 419 0945-1503 0140 155
No 165 90 75
Troponin
Positive 97 80 3 415 0917-1435 0230 139
Negative 128 69 59
Pre-admission pain duration
Within 1
fthin T day 205 120 8 430 o791-2141 0300 173
More than 1 day 20 9 1
Antiplatelet drug on admission
Ti |
| Meagrelor 72 47 2 445 0923-1427 0210 143
Ticagrelor + ASA 153 87 66

HF: heart failure; RR: relative risk; Cl: confidence interval; OR: odd ratio; ASA: acetylsalicylic acid;

Relative risk and odds ratio of HF according to
different variables are listed in Table 5 which re-
vealed no significant association between pres-
ence of all these variables and occurrence of HF
although some numbers suggested an increased
risk and odds ratio but still not significant.

Binary logistic regression was employed to deter-
mine predictors of HF as a complication of ACS in
the following factors: age, duration of hospital ad-
mission and number of risk factors of the patients,
as demonstrated in Figures 1, 2 and 3, respective-
ly. There was a positive association between these
factors and number of patients with HF.
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Figure 1: Logistic regression be-
tween dependent factor (heart
failure) and independent factor

(age)

) p-value: linear 0.089, logistic 0.094;
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Figure 2: Logistic regression be-
tween dependent factor (heart
failure) and independent factor
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Figure 4: Percentage ranking
of discharge medications pre-
scribed to the patients k Y,

The prescribed medications on discharge were
antiplatelet drugs, 66.6 % of the patients received
ticagrelor 90 mg while 28.0 % of them received
clopidogrel 75 mg and 96.0 % received acetylsal-
icylic acid 100 mg. Bisoprolol 5 mg was the most
prescribed beta blocker agent (33.3 %). Among
statins rosuvastatin was the most prescribed
drug (66.2 %) followed by atorvastatin 40 mg
(20.0 %). Between ACEI and ARBS lisinopril 5 mg
was the most prescribed (45.3 %) (Figure 4).

Discussion

This study analysed 225 patients of ACS during
a period of 18 months in the cardiac care unit of
Ibn Al-Nafees Tertiary Care Hospital in Baghdad.
All of them were under 45 years of age but 70.7
% were in the age group 36-45 years (mean age
was 38.17 + 6.32 years) this results seems to be
near to the mean age calculated by another com-
parable study conducted in Malaysia on 282 pa-
tients which was (39.2 + 5.1 years),'® majority of
them were males (92 %). These data complied
with most other studies as ACS is more common
in older age group and in male population due
to physiological mechanisms and presence of
risk factors.'”'® Regarding male to female ratio
(11.5:1) in this study, this can be explained by far
less exposure of females in sampled communi-
ty to risk factors like smoking, stress and alcohol

than males. In addition, oestrogen tends to con-
fer young females a protective effect against cor-
onary atherosclerosis.?°

Most of the patients (53.4 %) were employed link-
ing work related stress factors to ACS. Married
patients were in majority (80.2 %) which goes
against many studies which have shown that un-
married people are more likely to develop coro-
nary artery disease?! but this can be explained by
link of low socio-economic status of the majority
of the patients (88.0 %) and psychological stress
as the second important risk factor (57.3 %)
which imposes familial responsibilities as an ad-
ditional psychological burden on the patients be-
low 45 years of age. Regarding risk factors, smok-
ing (77.3 %) and stress (57.3 %) were the most
common risk factors in patients which is correlat-
ed with the study of Wang et al.?? Zupancic study
concluded that psychological stress is associated
with ACS especially in patients with previously
silent disease.??

Many studies suggested hypertension as the first
risk factor in ACS patients?* %> but the probable
reason for these factors retreat in this study is
the young age of the patients sample since hy-
pertension tends to occur in older age which is
associated with structural changes in arteries.?
Family history of ACS was found in 16 % of the
patients in this study which was lower than that
of another Iraqgi study in a comparable sample
which found that it was 24 %.%’
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Echo findings demonstrated that ischaemic heart
disease patients were maximum 61.3 % and LV
systolic dysfunction was more than LV diastolic
dysfunction. Echo finding can help in early de-
tection and diagnosis of ACS and guide in prop-
er management thereby decreasing mortality.
These finding can be used as independent predic-
tors and can help in identifying high risk-patients,
patients who need medical therapy or surgical in-
tervention and follow them to improve their out-
come. High percentage of LV ischaemic damage
occurred mostly due to high percentage of block-
age in left anterior descending artery (the largest
coronary artery) (61.8 %) which lead to systolic
and diastolic dysfunction and that explains the
high proportion of HF complication (57.3 %) of
patients in the current study which was higher
than the Malaysian study (35.4 %). Incidence of
HF among patients hospitalised for an acute MI
varies among studies, starting from 14-36 %.2% In
spite of the lower mortality rate in this study than
the global rate, HF occurrence was much higher.

As for complications, 37.4 % of the patients es-
caped with no complications but most of the pa-
tients (57.3 %) developed HF. Mortality rate was
1.3 % which is lower than the global rate of mor-
tality that was estimated by 7 %.2° This is most-
ly due to rapid coronary intervention and young
age of the patients. Arrhythmia occurred in 4 %
of the patients which was lower in comparison to
the Malaysian study (18.4 %).

For HF as a major complication in this study, rela-
tions with different parameters were assessed to
predict the future probability of occurrence. Re-
garding the relation between HF occurrence with
number of risk factors per each patient there was
an extremely significant difference among groups
since its occurrence was higher in patients with 2
and more risk groups in comparison to none and
single risk groups which imposes a strong rela-
tionship between number of risk factors and HF
as a complication of ACS. This finding suggests
clearly that ACS in young people is mostly an out-
come of more than one independent risk factor
synergism.

The type of ACS was significantly associated with
HF occurrence (p < 0.000012) as 84/108 (about
87 %) of patients with anterior type ended with
HF. Anterior wall infarction is associated with a
higher risk of adverse remodelling and HF.?° The
higher risk of HF associated with anterior MI is
caused by the greater magnitude of irreversible
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LV damage, as compared with other MI loca-
tions.** On the other hand LVEF was extremely
significant in association between HF and re-
duced ejection fraction results, this suggest high-
er area of LV wall damage due to blockage of
main anterior coronary artery. Also, there were
extremely significant association between 2 and
more echo findings and HF occurrence which can
be explained by the previously mentioned caus-
es. In addition and for the same reasons patients
who developed HF had significantly higher dura-
tion of hospital stay.

Relative risk and odds ratio of developing HF
were higher but with non-significant manner in
all factors except dyslipidaemia which was as-
sociated with lower risk, this seems to be due to
the low effect of dyslipidaemia as an independent
risk factor of ACS in young population. Regard-
ing troponin, pre-admission pain duration and
antiplatelet drug(s) on admission there was a
non-significant increase of relative risk and odd
ratio predicting a non-significant increase in HF
occurrence in presence of these factors.

HF risk prediction was assessed with logistic
regression test in regard to the following inde-
pendent factors (age, duration of hospital ad-
mission and number of risk factors). The results
have shown that there is a positive correlations
between increased number of HF patients and
increase of each of these independent factors
consolidating the previous results of relation
between HF occurrence and these factors in the
form that it can be expected HF more often as a
complication of ACS in the presence of these fac-
tors. Improving prediction of ACS patients at risk
of HF development is needed since timely initia-
tion of guideline-directed HF therapy can reduce
the risk of further LV remodelling, morbidity and
mortality.3!33

In light of the above results the discharge treat-
ment strategy should concentrate on the pre-
vention of post MI complication development es-
pecially HF alongside with inhibition of further
atherosclerotic process development. It is rec-
ommended to consider an urgent interventional
management for the ischaemic patients with an-
terior ischemia and those who have more than 2
risk factors prior to MI development.

In the current study, beta blocker drugs (metop-
rolol, bisoprolol and carvedilol) were prescribed
for 69.3 % of the discharged patients which
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seems to be covering all patients with HF but
not all the guidelines directed indications which
imposes an urgent revision of beta blockers pre-
scription policy in this centre. Beta blockers are
one of the fundamental guideline-recommended
therapies that must be considered as a first line
therapy in patients with ventricular tachycardia
or fibrillation in the acute and sub-acute phase of
an ACS since it plays a crucial role in inhibition of
matrix metalloproteinases (MMPs) responsible
for tissue remodelling.?*

P2Y12 inhibitors anti-platelets (ticagrelor and
clopidogrel) were prescribed for 94.6 % of the
discharged patients while acetylsalicylic acid
was prescribed for 96 % of them. All patients
should be put under antiplatelet therapy of both
a P2Y12 inhibitor drug and acetylsalicylic acid
unless one of them or both were contraindicated.
Dual antiplatelet therapy of both P2Y12 inhibitor
and acetylsalicylic acid, is the standard therapeu-
tic strategy in patients with ACS who underwent
to PCI according to the current guidelines in or-
der to optimise antiplatelet effects.?> Most of the
patients were prescribed ticagrelor (66.6 %) in
comparison to those prescribed clopidogrel (28
%) and this goes with results of the studies which
gives superiority to ticagrelor on clopidogrel.3¢3”

Statins (HMG-CoA reductase inhibitors) specif-
ically atorvastatin and rosuvastatin were pre-
scribed in 86.6 % of the patients. Current Euro-
pean and American guidelines recommend the
administration of high-potency statins as early
as possible in ACS.3® Antihypertensive drugs
especially ACI and ARBs were prescribed for less
than half of the patients and the most common
agent used was lisinopril (45.3 %). The rationale
for such percentage is that most of the patients
(66.7 %) had no history of hypertension. But this
pattern is not going with rationale with regard to
the majority of the patients who developed HF.

Beyond beta blockers and ACEIs, there were no
prominent guideline-directed prescription with
regard to HF especially HF with reduced ejection
fraction (HFrEF) in which ejection fraction is less
than 40 %.%° About 13 % of the patients in the cur-
rent study ended with HFrEF and this need to be
treated according to current guidelines which in-
clude in addition to beta blockers and ACEIs, min-
eralocorticoid receptor antagonists (eplerenone
and spironolactone), sodium-glucose co-trans-
porter-2 (SGLT2) inhibitors (dapagliflozin and
empagliflozin), angiotensin receptor-neprilysin
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inhibitors (ARNIs) (sacubitril).® All these agents
were minimally or not prescribed. More consid-
eration should be paid to the goal of management
of ACS complications especially HF and HFrEF
alongside with the goal of ACS recurrence inhibi-
tion.

The present research highlights the importance
of rational drug prescribing in ACS patients. Ear-
ly detection, avoiding risk factors, patient aware-
ness and education especially if family history is
present, multidisciplinary approach for treating
such patients can improve the prognosis in long
term and improve survival rate. Drug therapy
prescribing should be in accordance with guide-
lines in order to further reduce the complications,
decrease the economic burden on the patient and
incidence of drug interactions and adverse reac-
tions.

Conclusion

( 7
There was a high rate of HF occurrence in this
study which is mostly attributed to major wall
damage due to blockage of the main coronary
artery. Analysis demonstrated a good survival
rate which suggests a good submission to ther-
apeutic guidelines but high rate of HF occur-
rence urges for more consideration of guide-

line-directed management.
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mission, hypoglycaemia due to anti-diabetic drug overdose, intensive care
unit (ICU) patients with hypoglycaemia were excluded from the study. El-
igible patients were categorised into two groups as symptomatic and as-
ymptomatic hypoglycaemia. Clinical features, risk factors, hospitalisation
outcome were compared between the symptomatic and asymptomatic
hypoglycaemia group.

Results: Two hundred patients were enrolled in this study (n = 89, symp-
tomatic group and n = 111, asymptomatic hypoglycaemia). Hypoglycaemic
episode in past was significantly associated with symptomatic hypogly-
caemic events during hospitalisation [34 (38.2 %) vs 27 (24.3 %)], p = 0.01.
Admission blood glucose levels (mg/dL), HbA ¢ (%) were significantly high-
er in symptomatic hypoglycaemia group [(225.93 vs 178.72, p = 0.008),
(8.55 £ 2.49 vs 7.72 + 1.82, p = 0.007)], respectively. The blood glucose
level during the hypoglycaemia episode was significantly higher in patients
with asymptomatic hypoglycaemia group (56.38 + 9.51 vs 44.22 + 11.21
mg/dL, p < 0.001). Patients with HbA.c < 6 % were significantly higher in
asymptomatic hypoglycaemia (n = 12, 10.8 % vs n = 2, 2.24 %, p = 0.02).
Majority recovered fully without complications and got discharged (n =
155, 77.5 %).

Conclusion: In presented study, symptomatic hypoglycaemic patients
had significantly higher admission blood glucose levels and HbA ¢ %. Pa-
tients with HbA c < 6 % were significantly higher in asymptomatic group.
Past history of hypoglycaemia was significantly associated with symptom-
atic hypoglycaemia during hospitalisation.
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Introduction

Strict glycaemic control is a major goal in treat-
ing patients with diabetes. The UK Prospective
Diabetes Study (UKPDS) and The Diabetes Con-
trol and Complication Trail (DCCT) have shown
reduced diabetes related microvascular com-
plications like neuropathy, retinopathy and ne-
phropathy with tighter blood glucose control
and intensive therapy.? Glycated haemoglobin
(HbA c) target of less than 7 is recommended by
American diabetes association (ADA). In practice,
the major limiting factor in achieving desirable
glycaemic control and target HbA c is hypogly-
caemia.> However misconceived notion among
doctors is that hypoglycaemia is uncommon in
type 2 diabetes mellitus (T2DM) compared to
type 1 diabetes mellitus. Early in the course of
T2DM, hypoglycaemia is relatively rare as glu-
cose counter-regulatory responses like secre-
tion of glucagon, adrenaline is preserved. Over
time with increasing duration of diabetes and
beta cell failure, functional beta cell reserve de-
creases and there is failure of counter-regulatory
responses. Occurrence of hypoglycaemic events
in later course of T2DM is common.** Moreover,
recurrent episodes of hypoglycaemia cause hy-
poglycaemic unawareness and hypoglycaemia
associated autonomic failure (HAAF).® Hypogly-
caemic unawareness is due to attenuated adre-
nal response where patients may not experience
the symptoms corresponding to the fall in blood
glucose levels and sometimes the threshold that
stimulates the response, drops below neurogly-
copenia associated glucose levels. Blunted coun-
terregulatory response and sympathoadrenal
failure are components of HAAF. For the sever-
ity of hypoglycaemia, patients with HAAF have
decreased epinephrine and glucagon response
and subsequent development of neuroglycopenic
symptoms. This sets a vicious cycle and causes
sympathoadrenal failure later.

India holds second position worldwide with ap-
proximately 74-75 million people living with
T2DM and projected number is 125 million by the
year 2045.”8 However, the data on prevalence,
demographic characteristics, risk factors of hy-
poglycaemia in type-2 diabetic patients is incon-
sistent and sparse. Elderly people, patients with
multiple comorbidities are frequently prone for
hypoglycaemic episodes. Hypoglycaemia is con-
sidered as a significant risk factor for adverse
cardiovascular events like myocardial infarction,

arrythmias.” Fear of hypoglycaemia in patients
and treating doctors naturally drives towards
less intensified regimen resulting in sub-optimal
glycaemic control. Despite all the threats posed
by hypoglycaemia, still it remains a complication
overlooked in clinical practice. Sulphonylureas
drugs and insulin are known to cause hypogly-
caemia. Risk factors of hypoglycaemia include el-
derly patients, co-prescription of certain antibiot-
ics like fluroquinolones, HbA, c levels. Hence, this
study intended to study the clinical features, risk
factors of in-patient hypoglycaemic events and its
outcome in hospitalised patients with T2DM. It
was intended to assess whether admission blood
glucose, HbA c, antidiabetic drugs used, blood
glucose levels during the hypoglycaemic event
had any significant association between symp-
tomatic and asymptomatic group.

The aim of the study was to compare the clinical
characteristics, risk factors, glycaemic status,
complications, length of stay and outcome of in-
patient hypoglycaemia between the groups of
symptomatic and asymptomatic hypoglycaemia
patients with T2DM.

Methods

This was a prospective observational study done
for a period of nine months between November
2020 and July 2021. Study was conducted in a
tertiary care hospital in Southern India. Patients
were enrolled from general medicine wards.
Patients with T2DM above 18 years who were
admitted in medical wards and subsequently
during hospital stay had hypoglycaemia (blood
glucose level < 70 mg/dL) were included in this
study. T2DM patients who had hypoglycaemia
after hospitalisation were enrolled. Non-inclu-
sion criteria were: i) patients less than 18 years
of age, ii) non-diabetic patient, whose capillary
blood glucose (CBG) < 70 mg/dL, iii) pregnant pa-
tients, v) patients admitted with overdose of glu-
cose lowering drugs, vi) patients who did not give
consent for the study, vii) T2DM patients with
hypoglycaemia on admission, viii) T2DM patients
with sepsis who had hypoglycaemia on arrival to
emergency room.

Informed consent was taken from all the par-
ticipants prior to the study. Institutional eth-
ics committee (IEC) approval was obtained and
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study followed the ethical standards for human
subjects. Study was conducted in patients whose
bedside capillary blood glucose (CBG) was < 70
mg/dL at any point of time during hospitalisa-
tion. The nursing staff were instructed to im-
mediately notify patients with a blood glucose
< 70 mg/dL by point of care testing. These pa-
tients were approached after reviewing medical
records and confirming the diagnosis of diabe-
tes. Patient’s symptoms and signs during hypo-
glycaemic episodes were noted. Patients were
categorised into two group as symptomatic and
asymptomatic hypoglycaemia. Each patient was
included only once in the study and symptoms
were collected during the first hypoglycaemia
episode. Only the first hypoglycaemic episode
was included in this study and detailed informa-
tion of study patients including age, sex, duration
of diabetes, risk factors of hypoglycaemia (nil per
os, decreased food intake, use of fluroquinolone,
vomiting, kidney disease, liver disease and use of
beta blockers), prior history of hypoglycaemia,
blood glucose value during hypoglycaemic epi-
sode and treatment regimen were recorded using
a standard proforma. HbA,c, blood glucose value
on admission, serum electrolytes (sodium, potas-
sium, chloride, bicarbonate), renal function tests,
serum albumin levels, the total leucocyte count
done on admission were noted. Patients were
followed up until discharge and the outcomes
studied were duration of stay in the hospital,
any adverse cardiovascular events (arrythmias,
acute coronary syndrome or heart failure), nos-
ocomial infections, acute kidney injury and mor-
tality. Clinical characteristics, admission blood
glucose, HbA ¢, CBG during the episodes and the
outcomes studied were compared between the
two groups (symptomatic and asymptomatic hy-
poglycaemia).

Symptomatic hypoglycaemia was defined as
an event during which typical symptoms of hy-
poglycaemia were accompanied by a measured
glucose concentration of < 70 mg/dL. Asymp-
tomatic hypoglycaemia was defined as an event
with a measured glucose concentration of < 70
mg/dl without the symptoms of hypoglycaemia.
Severe hypoglycaemia was defined as measured
glucose concentration < 40 mg/dL.}° Adrenergic
symptoms included sweating, anxiety, trembling,
dry mouth, hand coldness, palpitations, nausea
and increased appetite. Neurological symptoms
were confusion, blurred vision, headache, slurred
speech, numbness around lips.

Statistical analysis

Parameters were expressed as either number
(percentage) or mean (standard deviation - SD) as
appropriate. Descriptive data were expressed as
frequency and percentage analysis for categorical
variables, mean and SD for continuous variables.
For continuous variables, depending on normal-
ity of data, Student’s t-tests or non-parametric
Wilcoxon tests were used to compare between
the groups with symptomatic and asymptomatic
hypoglycaemia. For discrete variables, x* tests or
Fisher’s exact tests was used. Statistical signifi-
cance was set at p < 0.05. Statistical analysis was
done using MEDCALC software 2021 version.

Results

This study included a total of 200 patients with
T2DM who developed hypoglycaemia during hos-
pitalisation. Out of 200, 111 (55.5 %) patients
did not experience any symptoms during hypo-
glycaemia episode (asymptomatic group) and 89
(45.5 %) patients were symptomatic during the
episode. Fifteen percent of patients had hypogly-
caemia in ICU (n = 30) and 85 % (n = 170) of pa-
tients had hypoglycaemia in wards.

The age group most commonly affected was found
to be between 55-64 years in both symptomatic
(n = 35, 39.3 %) and asymptomatic (n = 34, 30.6
%) group. Hypoglycaemic event occurred pre-
dominantly in patients aged more than 55 years
in symptomatic (n = 64, 71.8 %) and asymptom-
atic group (n = 67, 60.3 %). Symptomatic patients
were older than asymptomatic group, though not
statistically significant (60.23 + 11.74 vs 56.61 *
14.69 years of age), p = 0.054. Table 1 shows the
baseline characteristics of study patients. Age,
gender, out-patient treatment had no significant
difference between the symptomatic group and
asymptomatic group.

Patients with diabetes duration of 1-5 years had
higher episodes of asymptomatic hypoglycaemia
compared to symptomatic group [31 (27.9 %) vs
12 (13.5 %)] which was found to be significant
(p = 0.04). Patients with hypoglycaemic episode
previously was found to have significantly higher
symptomatic hypoglycaemic events during hos-
pital stay [34 (38.2 %) vs 27 (24.3 %)], p = 0.01.
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Table 1: Socio-demographic and clinical characteristics of patients

N  Parameter Sympt(omatig)group Asymptomatic group p-value
1. Age (years) (Mean = SD) 60.23 + 11.74 56.61 + 14.69 0.054
2. Gender, N (%)

Male 52 (58.0 %) 62 (56.0 %) 0.770
Female 37 (42.0 %) 49 (44.0 %)
3. Duration of diabetes (years) (Mean + SD) 10.96 + 7.56 9.24 +7.04 0.098
4. Hypoglycaemic episode in past
Present, N (%) 34 (38.2 %) 27 (24.3 %) 0.040
Absent, N (%) 55 (61.8 %) 84 (75.7 %)
5. Treatment details, N (%)
OHAs only 49 (55.0 %) 53 (47.7%) 0.310
Both OHAs and insulin 21 (23.5 %) 26 (23.4%) 0.980
Insulin only 8 (9.0 %) 19 (17.1%) 0.090
6. Admission blood glucose (mg/dL) (Mean = SD) 225.93 + 139.02 178.72 + 94.76 0.008
7. HbA.c (%) (Mean = SD) 8.55+2.49 772 +1.82 0.007
8. BUN (mg/dL) (Mean = SD) 19.04 + 14.16 16.45 + 12.16 0.160
9. Serum creatinine (mg/dL) (Mean + SD) 1.25+0.94 117 £ 0.96 0.550
10. Serum albumin (g/dL) (Mean + SD) 3.22 £ 0.61 3.21£0.68 0.910

Descriptive data were expressed as N (%) for categorical variables, mean and standard deviation (SD) for continuous variables; p value < 0.05 was considered

statistically significant; OHA: oral hypoglycaemic agent; BUN: blood urea nitrogen;

Table 2: Risk factors associated with hypoglycaemia

N Risk factors Symptomatic group Asymptomatic group
(N =89) (N=111)
1. Reduced food intake than usual, N (%) 20 (22.5 %) 20 (22.5 %)
2. Nil per os (NPO), N (%) 19 (21.3 %) 19 (21.3 %)
3. Prior renal disease, N (%) 18 (20.2 %) 18 (20.2 %)
4. Prior liver disease, N (%) 9 (10.1 %) 9 (10.1 %)
5. History of vomiting, N (%) 11 (12.4 %) 11 (12.4 %)
6. Antibiotic use, N (%) 27 (30.3 %) 27 (30.3 %)
7. Use of -blockers, N (%) 15 (16.9 %) 15 (16.9 %)

Data were expressed as N (%); p value < 0.05 was considered statistically significant. *Patients who were on NPO for upper
gastrointestinal endoscopy, colonoscopy or ultrasonography of abdomen during the episode of hypoglycaemia;

The observed risk factors associated with hy-
poglycaemia in study included decreased food
intake than usual, nil per os (NPO), vomiting ep-
isodes, prior renal disease, underlying liver dis-
ease, use of antibiotics (any fluroquinolone), in-
fections and history of beta blockers intake. Table
2 shows risk factors associated with hypoglycae-
mic episode.

Antibiotic intake was found to be slightly more
in asymptomatic group (n = 36, 32.4 %) than
symptomatic group (n = 27, 30.3 %). More pa-
tients in asymptomatic group (n = 30, 27 %)
were on beta blockers compared to symptomat-
ic group (n = 15, 16.9 %) though association was
not statistically significant (p = 0.09). In symp-
tomatic patients (n = 89), adrenergic symptoms

were experienced by 39 (43.8 %), 34 (38.2 %) had
pure neuroglycopenic symptoms and 16 (18.0 %)
had both adrenergic as well as neuroglycopenic
symptoms. The most common adrenergic symp-
tom observed was sweating (n = 40, 44.9 %). The
most common neuroglycopenic symptom ob-
served was drowsiness (n = 36, 40.4 %). Other
adrenergic symptoms experienced by patients
included palpitations (n = 23), anxiety (n = 20),
trembling of hands (n = 17), increased appetite
(n = 16) and dry mouth (n = 2) as shown in Fig-
ure 1. Neuroglycopenic symptoms observed were
confusion (n = 16), blurring of vision (n = 14), sei-
zures (n = 10), slurred speech (n = 8) and perioral
numbness (n = 4). Figure 2 shows neuroglycope-
nic symptoms.
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Majority in symptomatic group were only on reg-
ular insulin (n = 31, 34.8 %), whereas in asymp-
tomatic group most were on combination of regu-
lar insulin and intermediate acting insulin (n = 45,
40.5 %) during hospital stay prior to hypoglycae-
mic event. Itis to be noted that 9 (10.1 %) patients
in symptomatic group and 8 (7.2 %) patients
were not on any treatment for diabetes prior to
hypoglycaemic episode as the monitored blood
glucose level during stay did not require medi-
cations. There was no significant difference in

the glucose lowering medication used during the
hospital stay between the two groups (Table 3).

Mean admission blood glucose (mg/dL) was sig-
nificantly higher in symptomatic group than as-
ymptomatic group (225.93 vs 178.72, p = 0.008)
whereas mean HbA ¢ (%) was significantly low-
er in asymptomatic group (7.72 * 1.82) when
compared to symptomatic group (8.55 * 2.49),
p = 0.007. Admission blood glucose (mg/dL) was
predominantly in the range of 101-200 mg/dL in
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Table 3: Comparison of in-patient treatment among the study groups

N Inpatient treatment Symptomatic group Asymptomatic group p-value
(N =89) =
1. OHA only (metformin, sulphonylurea or both), N (%) 13 (14.6 %) 14 (12.6 %) 0.68
2. Regular insulin only, N (%) 31(34.8 %) 37 (33.3%) 0.82
3. Regular + neutral protamine hagedorn (NPH), N (%) 29 (32.5 %) 45 (40.5 %) 0.24
4. OHA + regular insulin, N (%) 4 (4.5 %) 4 (3.6 %) 0.74
5. OHA+ NPH + regular insulin, N (%) 2 (2.2 %) 1(0.9 %) 0.43
6. Long-acting insulin (glargine), N (%) 1(11 %) 2 (1.8 %) 0.69
7. Notreatment, N (%) 9 (10.1 %) 8(7.2 %) 0.46
Data were expressed as N (%); p value < 0.05 was considered statistically significant; OHA: oral hypoglycaemic agent;
Table 4: Blood glucose values during the hypoglycaemic episodes
N  Capillary blood glucose Symptomatic group Asymptomatic group p-value
(CBG) (N=289) (N=111)
1. CBG (Mean + SD) 44.22 + 11.21 56.38 + 9.51 < 0.0001
2. 60-69 mg/dL, N (%) 5(5.6 %) 45 (40.5 %) < 0.0001
3. 50-59 mg/dL, N (%) 27 (30.3 %) 44 (39.6 %) 0.1700
4. 40-49 mg/dL, N (%) 26 (29.2 %) 16 (14.4 %) 0.0100
5. Below 40 mg/dL, N (%) 31(34.8 %) 6 (5.4 %) < 0.0001

Descriptive data were expressed as N (%) for categorical variables, mean and standard deviation (SD) for continuous variables; p value < 0.05 was considered

statistically significant;

both symptomatic (n = 39, 43.8 %) and asymp-
tomatic patients (n = 61, 55 %), which was found
to be not significant (p = 0.11). The majority in
both the groups had HbA c between 7.1-10.0 %.
More patients (n = 12, 10.8 %) in the asymp-
tomatic group had HbA c < 6 % compared to the
symptomatic group (n = 2, 2.24 %), p = 0.02. Table
4 shows CBG values of study patients during the
hypoglycaemic event.

In the symptomatic group, severe hypoglycaemia
(CBG < 40 mg/dL) was observed in 31 patients
(34.8 %) which was statistically significant (p
< 0.0001) on comparison with asymptomatic
group (n = 6, 5.4 %). Severe hypoglycaemia < 50
mg/dL was seen in 64 % (n = 57) of patients in
the symptomatic group compared to 19.8 % (n =
22) in the asymptomatic group. Majority of pa-
tients with symptomatic hypoglycaemia had glu-
cose value less than 40 mg/dL (n = 31, 34.8 %)
during hypoglycaemia episode. Elevated serum
blood urea nitrogen (BUN) was observed more
in the symptomatic group (n = 29, 32.6 %) than
asymptomatic group (n = 25, 22.5 %), though not
significant p = 0.16. Similarly, 33.7 % of symp-
tomatic patients with hypoglycaemia had se-
rum creatinine more than 1.1 mg/dL compared
to 27 % in asymptomatic group. No significant
difference was observed in mean serum sodi-
um (mmol/L), total leucocyte count (cells/mm?3),
serum potassium (mmol/L) between symptom-

atic and asymptomatic group [133.79 * 5.43 vs
135.14 + 10.41 (p = 0.27), 11052.58 + 5571.45 vs
11269.1 £ 5010.46 (p =0.77),4.2 + 0.64 vs 4.16 *
0.74 (p = 0.69), respectively].

Median duration of stay in the hospital for both
symptomatic and asymptomatic group was eight
days and there was no significant difference in
length of stay between the two groups. Table 5
shows outcomes of study patients including com-
plications.

Out of 89 symptomatic patients, 64 (72 %) im-
proved and were discharged without any compli-
cations. Twenty-five patients (28 %) developed
complications during the course in hospital, of
which three patients (3.37 %) died and 22 recov-
ered. The most common complications observed
was nosocomial infection (n = 17, 19.1 %), fol-
lowed by acute kidney injury (n =12, 13.5 %), sei-
zure (n = 10, 11.2 %) and cardiovascular events
(n =2, 2.24 %) in symptomatic group. Out of 111
asymptomatic patients, a majority of 91 (81.9 %)
got improved and were discharged without any
complications. Twenty patients (18 %) in asymp-
tomatic group developed complications during
the course in hospital, of which 14 (15.5 %) recov-
ered, 2 (2.2 %) patients died and 4 (4.4 %) were
lost to follow up as they were discharged against
medical advice. The complications most observed
were acute kidney injury (n = 18, 16.2 %), followed
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Table 5: Outcomes including complications observed in patients

N  OQutcome Symptomatic group  Asymptomatic group  p-value
(N =289) =111)

1. Discharge from the hospital without any complications, N (%) 64 (71.9 %) 91 (81.9 %) 0.0900

9 T Patients who developed complications, N (%) 25 (28.0 %) 20 (18.0 %)* )
- Patients who recovered after developing complications, N (%) 22 (24.7 %) 14 (15.5 %)

3. Adverse cardiovascular events, N (%) 2 (2.2 %) 4 (3.6 %) 0.5800

4. Nosocomial infection, N (%) 17 (191 %) 13 (11.7 %) 0.1500

5. Acute kidney injury, N (%) 12 (13.5 %) 18 (16.2 %) 0.5900

6. Seizure, N (%) 10 (11.2 %) 0 (0.0 %) 0.0003

7. Duration of stay in hospital (days)

< 5 days, N (%) 15 (16.9 %) 15 (13.5 %) 0.5000

5-9 days, N (%) 42 (47.2 %) 57 (51.3 %) 0.5600

10-15 days, N (%) 22 (24.7 %) 32(28.8 %) 0.5100

> 15 days, N (%) 10 (11.2 %) 7 (6.3 %) 0.2100

8. Death, N (%) 3(3.4 %) 2 (1.8 %) 0.4800

*4 patients were lost to follow up as they were discharged against medical advice; p value < 0.05 was considered statistically significant;

by nosocomial infection (n = 13, 11.7 %) and car-
diovascular events (n = 4, 3.6 %) in asymptomatic
group. Of note, ten patients (11.2 %) in symptom-
atic group had seizure but none in the asymptom-
atic group which was significant (p = 0.0003).

Discussion

Presented study targeted on T2DM patients be-
cause hypoglycaemia in T2DM is multifactorial
and depends on type of therapy (insulin, insulin
secretagogues or insulin sensitiser), presence of
comorbid conditions and medications. Hypogly-
caemia is a complication in hospitalised T2DM
patients which causes morbidity and managing
in-patient hypoglycaemia still remains a chal-
lenge still remains.’® In presented study, hypo-
glycaemic events predominantly occurred in
patients aged 55 years and older and symptom-
atic patients were significantly elderly patients.
ADA report on impact of hypoglycaemia in el-
derly states geriatric population are vulnerable
to hypoglycaemic events due to decline in renal
function, impaired hepatic metabolism of anti-di-
abetic medications and a decrease in beta-recep-
tor function.!! Elderly people naturally have long
duration of diabetes which also results in absent
glucagon response due to diminished paracrine
crosstalk between alpha and beta cells.!? Hence,
the American geriatric society recommends tar-
get HbA c of 8 % in elderly." One of the definitive
risk factors which predicts recurrent episodes
is past history of hypoglycaemia.'* Presented

study highlights the significant difference be-
tween symptomatic and asymptomatic group
with regards to prior episode of hypoglycaemia,
admission blood glucose and HbA c. Criner et al
observed significant difference in recurrent hy-
poglycaemia between symptomatic (13 %) and
asymptomatic group (44 %)."* Marked variation
exists in published studies with regards to de-
fining cut off for hypoglycaemia related events.
As per ADA 2020, level-1 hypoglycaemia is pres-
ent when measured blood glucose is < 70 mg/dL,
level-2 hypoglycaemia is defined as blood glucose
< 54 mg/dL. Severe hypoglycaemia (level-3) is
present when severe impairment in mental status
or cognitive decline requiring physical assistance
for correction of hypoglycaemia.!> Severe hypo-
glycaemia occurs with measured blood glucose
level < 40mg/dL.1° Sweating (40 %) and drows-
iness (36 %) were the common adrenergic and
neuroglycopenic symptom respectively in pre-
sented study. Symptomatic group of patients had
significantly lower CBG at the time of hypoglycae-
mia and 34.8 % of symptomatic group had severe
hypoglycaemia (CBG < 40 mg/dL). Shriraam et al
reported weakness (76.2 %) and dizziness (74 %)
as common hypoglycaemic symptom in T2DM
patients and 23 % had severe hypoglycaemia in
their study.'® Patients with CBG between 60-69
mg/dL predominantly didn’t manifest symptoms
(n = 45) whereas only 5 developed symptoms
in presented study. Hence clinical practitioners
and health care providers should actively seek
for patient reported events, low blood glucose
values or hypoglycaemic unawareness in every
visit. Reported rates of severe hypoglycaemia
in published studies varies from 0.7-12/100 per-
son-years.”
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One of the existing myths in management of di-
abetes is that higher HbA c doesn’t cause hypo-
glycaemia in T2DM.* Presented study observed
HbA,c was significantly associated with in-hos-
pital hypoglycaemia in T2DM patients in both
symptomatic and asymptomatic group and mean
HbA clevels was significantly higher in symptom-
atic group (8.5 %) than asymptomatic group (7.7
%). The diabetes and ageing study by Lipska et al
showed hypoglycaemia occurrence across all lev-
els of glycaemic control and 19 % of the people
who reported hypoglycaemia had HbA c¢>9 % (n
= 187 out of 985 patients with hypoglycaemia).'®
In the Freemantle study, 1 % increase in HbA c
was reported to have significant increase in fre-
quency of hypoglycaemic episodes.® All these
findings highlight the significance of occurrence
of hypoglycaemia in T2DM patients despite high-
er HbA c.

Hypokalaemia was observed more in asymp-
tomatic group (n = 14, 12.6 %) than symptomatic
group (n =5, 5.6 %) in presented study. Kang et al
in their study observed nearly 22 % patients hav-
ing hypokalaemia during severe hypoglycaemia.?
This was associated with high blood pressure
and tachycardia possibly reflecting sympathetic
drive as a response to hypoglycaemia which sec-
ondarily induces hypokalaemia by activation of
beta adrenoreceptors. Elevated creatinine was
noted in 30 % of total patients in presented study.
A study done by Carreira et al found hypoglycae-
mia was 4.2 times higher with acute kidney inju-
ry (AKI) and duration of AKI more than 5.5 days
is a predictor of hypoglycaemia and mortality.?!
Renal function must be evaluated in all patients
with hypoglycaemia, particularly in elderly pa-
tients as age related decline in glomerular filtra-
tion rate happens and AKl is a precipitating factor
for hypoglycaemia.?? Elderly patients preferably
should have a target HbA,c of 8 % rather than
stringent glycaemic control which carries risk of
serious hypoglycaemia. Presented study didn’t
find any significant difference between the two
group with regards to length of stay, complica-
tions reported including adverse cardiovascular
event or mortality possibly due to low event rate
observed and smaller sample size and hence cau-
sality cannot be claimed from presented findings.
In this study, 6 patients had adverse cardiovas-
cular event. ACCORD trial reported hypoglycae-
mia was three times higher in intensive arm and
trail was stopped early in view of serious adverse
cardiovascular events and subsequent mortali-

ty, though increase in mortality was not directly
linked to hypoglycaemia.?* ADVANCE study also
concluded severe hypoglycaemia is associated
with higher macrovascular events (Hazard ratio,
HR: 2.88), death from cardiovascular cause (HR:
2.68).%* In presented study, 10 (11 %) of patients
who had seizures in the symptomatic group got
recovered and discharged from the hospital. Di-
agnosis of those patients who had seizures include
acute on chronic kidney disease (n = 2), bronchial
asthma (n = 2), angioedema (n = 1), accelerated
hypertension (n = 1), diabetic foot ulcer (n = 2),
urinary tract infection (n = 2).

Limitations of this study are that it was not as-
sess the temporal pattern of hypoglycaemia
(daytime vs nocturnal events) and recurrent hy-
poglycaemia in study patients were not studied.
For each patient included in this study, the first
hypoglycaemic episode only was counted and
subsequent number of hypoglycaemic episodes
following the first event were not assessed. The
clinical characteristics with hospitalised T2DM
patients without hypoglycaemia were not com-
pared. Observed event rate of complications is
smaller and causality or association with hypo-
glycaemia cannot be established from this study.
Levels of hypoglycaemia as per ADA was not as-
sessed between the groups.

Conclusion

s N
This study showed that symptomatic in-hos-
pital hypoglycaemia in T2DM patients was
significantly associated with prior episode of
hypoglycaemia and admission blood glucose
levels. HbA,c levels and severe hypoglycae-
mia were significantly higher in symptomatic
group of T2DM patients. Results showed that
risk of hypoglycaemia was seen at all levels
of glycaemic status in patients with T2DM.
Study also highlights that even with sub-op-
timal HbA c levels > 7 %, hypoglycaemia can
occur in hospitalised patients with T2DM. Pre-
dominant episodes of hypoglycaemia were as-
ymptomatic in hospitalised patients. General
practitioners and clinicians should routinely
enquire about symptoms of hypoglycaemia in
each visit including patient recalled events as
well as documented hypoglycaemia without
any symptoms.
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Introduction

The management of labour pain has become a their experience is as positive as possible. Thus,
primary focus in modern obstetric practice. In  the management of labour pain has become cen-
recent decades, the increase in knowledge and  tral in modern obstetric practice.??
understanding of the labour process has trans-

formed how we approach labour pain manage- The use of non-pharmacological techniques has
ment.® Now, it is not only about assisting moth-  gained popularity in reducing labour pain with-
ers through this process but also ensuring that  out significant side effects.? *® These techniques

Copyright © 2024 Egam et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits icted use, distribution and repi ion in any medium, provided the original work is properly cited.
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encompass various approaches, ranging from re-
laxation techniques and breathing exercises to
the use of physical aids such as birth balls. The
primary advantage of these techniques is that
they do not entail significant side effects com-
monly associated with pharmacological inter-
ventions, making them an appealing choice for
many women.’

One technique that has attracted attention is the
use of a birth ball as an adjunct in reducing la-
bour pain. The birth ball is a simple yet effective
tool that can help alleviate labour pain. By sitting
or lying on the ball, women can relieve pressure
on the lower back and pelvis, which are often
sources of pain during labour.!® ' Additionally,
the ball can aid in positioning and descent of the
baby, facilitating the labour process.'?*

Previous research indicates that the counter-
pressure technique is also effective in reducing
the intensity of pain during labour. Counterpres-
sure involves applying pressure to specific areas
on the lower back of women during contractions,
which can help alleviate pain.? *>1¢ Studies have
shown that this technique can significantly re-
duce pain intensity during labour, providing ad-
ditional benefits for women who choose to use
these non-pharmacological techniques.>* 1718

However, limited information is available regard-
ing the combined effects of the counterpressure
technique with the use of a birth ball in managing
labour pain.t® > Although both techniques have
been proven effective independently, questions
remain about how they can work together.

The use of a birth ball has become increasingly
popular in recent years as a tool to help reduce
labour pain.!*2%21 These balls, often made of rub-
ber and filled with air, can be used in various po-
sitions to alleviate pain and facilitate the labour
process. Many mothers report that using a birth
ball helps them feel more comfortable during la-
bour and gives them more control over their ex-
perience.?*2*

Counterpressure technique is another non-phar-
macological technique that can be used to help
reduce labour pain.> 7 This technique involves
applying pressure to specific areas on the back
or hips during contractions, which can help al-
leviate pain. The effectiveness of this technique
may vary depending on the individual, but many
women report a significant decrease in labour
pain when using this technique.
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There is some evidence to suggest that the combi-
nation of counterpressure technique and the use
of a birth ball can provide additional benefits in
reducing labour pain.’ Both techniques can be
used together to provide physical and emotional
support during labour. However, more research is
needed to fully understand how these two tech-
niques can work together to reduce pain.

The duration of labour can vary significantly be-
tween individuals and even between different
labours for the same woman. Some studies have
shown that the use of techniques such as counter-
pressure and birth ball can help speed up the la-
bour process, but these results are not consistent
across all studies.!*2>2¢ Therefore, it is important
to conduct more research to determine whether
there are significant differences in the duration
of labour between groups using these combina-
tion techniques and the control group.

Like all childbirth interventions, the use of a
birth ball and counterpressure technique carries
potential risks and benefits. Potential benefits
include pain reduction, increased control over
the labour process and a more positive childbirth
experience. Potential risks may include physical
injury if the ball is not used correctly.?”” However,
with proper supervision and instruction, these
risks can be minimised.

The management of labour pain has become a
primary focus in modern obstetric practice, with
an increase in non-pharmacological techniques
such as the use of a birth ball and counterpres-
sure.”®* While both techniques are effective inde-
pendently, little is known about their combined
effects. Previous research has shown their indi-
vidual effectiveness, but not their combined im-
pact.?” Understanding this interaction is crucial,
as it may affect labour duration. It’s also import-
ant to consider the potential risks and benefits,
including pain reduction and increased control
over the labour process.

The aim of this study was to evaluate the effec-
tiveness of using a combination of counterpres-
sure technique with the use of a birth ball in
reducing labour pain and to understand its im-
pact on the duration of labour and the mother’s
experience during the childbirth process. This
research aimed to provide a better understand-
ing of labour pain management and to contribute
to improvements in clinical practice in caring for
pregnant women.
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Methods

This study employed a prospective cohort design
to investigate the effectiveness of combining the
counterpressure technique with the use of a birth
ball in reducing labour pain. A cohort design was
chosen for its ability to observe changes over
time and evaluate the cause-effect relationship
between intervention variables and observed
outcomes. This study was approved by the Ethics
Commission of the Health Polytechnic Ministry
of Health Sorong, ensuring adherence to ethical
standards and the protection of participants’
rights and welfare. Informed consent was ob-
tained from all participants prior to their inclu-
sion in the study.

The population consisted of pregnant women
with a gestational age over 37 weeks visiting the
Malawili Community Health Centre. Participants
were selected based on specific inclusion and ex-
clusion criteria to ensure valid and reliable out-
comes. Inclusion criteria were: gestational age
over 37 weeks, age range of 18 to 40 years, ab-
sence of significant medical complications such
as hypertension or gestational diabetes and no
history of severe preeclampsia or spinal prob-
lems. Exclusion criteria included any medical
conditions or injuries that would contraindicate
the use of counterpressure or a birth ball during
labour.

Pain intensity was measured using a validated
visual analogue scale (VAS), detailed in the ap-
pendices. The VAS ranges from 0 (no pain) to 10
(worst pain imaginable), providing a quantifiable
measure of pain. Participants received detailed
instructions and demonstrations on using the
VAS for self-reporting pain levels.

Participant recruitment took place through an-
tenatal clinics and maternity hospitals from
September to November 2023. Simple random
sampling was used to assign participants to ei-
ther the intervention group or the control group.
The intervention group utilised a birth ball and
the counterpressure technique, while the control
group received standard care without analgesia,
reflecting the hospital’s protocol and the prefer-
ence of some patients.

Procedure

During labour, trained midwives educated par-
ticipants on the counterpressure technique,
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which involved applying steady pressure to spe-
cific points on the lower back or hips during con-
tractions. Participants were trained to apply the
pressure themselves or with the help of a part-
ner, under midwife supervision. Detailed instruc-
tions for using the birth ball were also provided,
emphasising correct positioning and movements
to relieve lower back and pelvic pressure and to
facilitate the baby’s descent.

The control group received standard care, which
did not include analgesia due to either hospi-
tal protocols or patient preferences. This ap-
proach allowed for a clear comparison of the in-
tervention’s effectiveness against the standard
non-pharmacological practices.

Participants were randomly assigned to the
intervention or control group using a comput-
er-generated randomisation list, ensuring an un-
biased distribution and enhancing the validity of
the results.

Statistical analysis

Statistical analysis involved comparing the inter-
vention and control groups using Wilcoxon and
Mann-Whitney tests, facilitated by the Jamovi
statistical software. These non-parametric tests
were chosen to handle the ordinal nature of the
VAS pain scores and potential non-normal distri-
bution of data.

Results

Characteristics of respondents

A total of 60 respondents participated in this
study, with 28 assigned to the control group and
32 to the intervention group using a simple ran-
dom sampling technique. The slight imbalance in
group sizes resulted from the random sampling
process. The characteristics of the respondents
are detailed in Table 1.

There were no significant differences between the
control and intervention groups in terms of age,
gestational age, delivery history, education, occu-
pation, religion or monthly income (Table 1). This
indicates that the groups were well matched and
any observed differences in outcomes are likely
due to the intervention itself.
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Table 1: Characteristics of respondents (women in labour)
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Variable Control (n = 28) Intervention (n = 32) p-value
Age, Mean, SD (Min-Max) 31.5,2.70 (27-35) 30, 2.15 (27-35) 0.422
Gestational age, Mean, SD (Min-Max) 40.1,1.56 (37-42) 39.5, 1.65 (37-42) 0.498
Delivery history
Nulliparous 14 (46.7 %) 16 (53.3%) 1,000
Multiparous 14 (46.7 %) 16 (53.3 %)
Education
No schooling 4 (44.4%) 5 (55.6 %)
Elementary school 8 (57.1%) 6 (42.9%)
Junior high school 9 (64.3%) 5(35.7%) 0.282
High school 5(27.8%) 13 (72.2%)
University 2(40.0%) 3(60.0%)
Occupation
Unemployed 16 (57.1 %) 12 (42.9%) 0128
Employed 12 (37.5%) 20 (62.5%)
Religion
Protestant Christian 10 (45.5%) 12 (54.5 %)
Catholic 8(50.0%) 8 (50.0%) 0.952
Islam 10 (45.5%) 12 (54.5 %)
Monthly income of the family
Below relative minimum wage 19 (50.0%) 19 (50.0 %) 0496
Above relative minimum wage 9(40.9%) 13 (59.1 %)

Intervention: counterpressure technique with birth ball;

Comparison of pain levels between inter-
vention and control group

Table 2 shows that before applying the counter-
pressure technique, there was no significant dif-
ference in pain levels between the control group
(mean = 6.79, SD = 1.50) and the intervention
group (mean = 6.06, SD = 1.92), with a p-value of
0.173. This indicates that both groups had similar
baseline pain levels, ensuring the validity of sub-
sequent comparisons regarding the effectiveness
of the intervention.

Table 2: Pain before counterpressure technique in women
in labour

Control Intervention
Parameter (mean + SD)  (mean = SD) p-value
Pain (pre-test) 6.79 +1.50 6.06 = 1.92 0.173

Intervention: counterpressure technique; SE: standard error;

The results presented in Figure 1 indicate that
there was no significant difference in pain levels
between the control group (mean: 3.11 * 1.31)
and the intervention group (mean: 3.09 + 1.38),
with a p-value of 0.958. The effect size measured
using Cohen’s d was also very small (0.00994),
suggesting that the counterpressure technique
did not have a significant impact on reducing pain

in the intervention group compared to the control
group.

Comparison of uterine contraction after
counterpressure technique

The analysis in Figure 2 revealed no significant
difference in uterine contractions between the
control group (32.2 + 7.20) and the intervention
group (32.8 * 6.90), with a p-value of 0.700. Ad-
ditionally, the analysis indicated that the standard
mean difference between the two groups was
1.82 with a Cohen’s d effect size of 0.0592. These
findings suggest that the application of the coun-
terpressure technique did not result in a signifi-
cant difference in uterine contractions compared
to the control group, although there was a slight
non-significant increase observed in the interven-
tion group.

Comparison of cervical dilatation after coun-
terpressure technique

The analysis in Figure 3 revealed a significant dif-
ference in cervical dilatation between the control
group (5.50 * 1.29) and the intervention group
(6.25 + 1.27), with a p-value of 0.034. Addition-
ally, the standard error of the difference between
the two groups was 0.331 and the Cohen’s d ef-
fect size was -0.586. These findings suggest that
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Figure 3: Cervical dilatation after counterpressure technique in
women in labour
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the application of the counterpressure technique
resulted in a significant difference in cervical dil-
atation compared to the control group, with the
intervention group exhibiting a higher mean cer-
vical dilatation.

Discussion

The findings of this study offer valuable insights
into the efficacy of the counterpressure technique
in managing labour pain and influencing labour
progression. This result suggests that while the
counterpressure technique may not directly im-
pact pain or uterine contractions, it may have a
notable effect on cervical dilatation, potentially
facilitating labour progression.

The examination of pain levels between the inter-
vention and control groups in this study contrib-
utes to the ongoing discourse regarding the effica-
cy of the counterpressure technique in managing
labour pain. Presented findings, which revealed
no significant difference in pain levels (p = 0.958)
and a minimal effect size (Cohen’s d = 0.00994),
align with prior research conducted by Ahmed et
al, who similarly reported comparable pain scores
between groups utilising the counterpressure
technique and those who did not. This consisten-
cy in findings suggests that while the counterpres-
sure technique is widely used as a non-pharma-
cological approach to pain management during
labour, its effectiveness in significantly reducing
pain remains uncertain.?

However, it is essential to interpret these results
within the context of existing literature, acknowl-
edging variations in study methodologies and
participant demographics that may influence out-
comes. Despite the non-significant findings, the
counterpressure technique may still hold value as
part of a comprehensive pain management strat-
egy during childbirth, particularly in combination
with other evidence-based interventions.

The examination of uterine contractions in this
study provides valuable insights into the poten-
tial effects of the counterpressure technique on
labour dynamics. Presented findings, which in-
dicated no significant difference in uterine con-
tractions between the intervention and control
groups (p = 0.700, Cohen’s d = 0.0592) are con-
sistent with prior research in this domain. For in-
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stance, Sriayuningtyas et al conducted a similar
investigation and also reported comparable uter-
ine contraction patterns between groups utilising
the counterpressure technique and those who did
not.? Moreover, this study builds upon existing
literature by offering a nuanced analysis of the
effect size, which, while small, underscores the
subtle influence of the counterpressure technique
on uterine activity during labour. Although the ob-
served increase in uterine contractions in the in-
tervention group was not statistically significant,
it is noteworthy within the context of non-phar-
macological interventions for labour pain man-
agement.

The analysis of cervical dilation differences be-
tween the intervention and control groups in this
study provides a deep understanding of the effec-
tiveness of the counterpressure technique in in-
fluencing labour progression. Presented findings
indicate a significant difference in cervical dila-
tion between the two groups (p = 0.034, Cohen’s
d = -0.586), with the intervention group exhibit-
ing a higher average cervical dilation compared
to the control group. These results are consistent
with prior research indicating that the application
of the counterpressure technique significantly
contributes to increased cervical dilation during
labour. For instance, a study conducted by Wa-
hyuni et al demonstrated that the group receiv-
ing the counterpressure technique intervention
experienced a significant increase in the rate of
cervical dilation compared to the control group.*®
This analysis also highlights a moderate effect
size, suggesting that although the influence of the
counterpressure technique on cervical dilation is
significant, its impact is not overwhelmingly large.
Nonetheless, these findings provide robust sup-
port for the benefits of the counterpressure tech-
nique in facilitating labour progression, which
is relevant for enhancing the well-being of both
mothers and babies during the childbirth process.
Integrating the findings from the comparisons
of pain levels, uterine contractions and cervical
dilatation, this study contributes to understand-
ing of the multifaceted effects of the counterpres-
sure technique on labour outcomes. Despite the
non-significant differences observed in pain lev-
els and uterine contractions between the inter-
vention and control groups, a significant disparity
emerged in cervical dilatation, suggesting a nu-
anced impact of the counterpressure technique
on labour progression.

The influence of counterpressure technique in fa-
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cilitating cervical dilation during childbirth can be
explained through several complex hormonal and
physiological mechanisms. Firstly, as a woman en-
ters active labour, her body naturally releases the
hormone oxytocin. Oxytocin is the primary hor-
mone responsible for uterine contractions that
drive the birthing process. The use of counterpres-
sure technique can stimulate oxytocin release by
applying concentrated pressure to specific points
on the body, such as the lower back or waist area.
This stimulation can enhance oxytocin production
and increase the strength and frequency of uter-
ine contractions, which in turn can expedite the
cervical dilation process.

Furthermore, counterpressure technique can also
alleviate tension in the pelvic and surrounding
muscles. During childbirth, tension in these mus-
cles can impede the baby’s movement towards the
birth canal and hinder cervical dilation. By apply-
ing pressure to specific points, counterpressure
technique can help reduce this muscle tension, fa-
cilitating more space for the baby to move and al-
lowing the cervix to soften and dilate more easily.
Additionally, counterpressure technique can in-
fluence the body’s response to stress and comfort.
Pressure stimulation at specific points on the body
has been known to stimulate the parasympathet-
ic nervous system, which is responsible for the
body’s relaxation response. By stimulating this re-
laxation response, counterpressure technique can
help reduce stress and tension that may impede
labour progression. As a result, the body becomes
more prepared for the birthing process and cervi-
cal dilation can occur more efficiently.

Overall, the hormonal and physiological mecha-
nisms behind the effectiveness of counterpressure
technique in facilitating cervical dilation during
childbirth are complex and involve intricate in-
teractions between the hormonal, nervous and
muscular systems of the body. Further research
is needed to better understand these mechanisms
and to optimise the use of counterpressure tech-
nique in clinical practice to improve childbirth
outcomes.

While the technique may not directly alleviate
pain or influence uterine activity, its association
with increased cervical dilatation implies a poten-
tial role in facilitating labour advancement. These
findings underscore the complexity of non-phar-
macological interventions in labour management
and highlight the need for a comprehensive ap-
proach to understanding their effects. Additional-
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ly, recognising the limitations of this study, such
as sample size and contextual factors, opens av-
enues for future research to explore the under-
lying mechanisms and optimise the utilisation of
the counterpressure technique in clinical practice.
By addressing these gaps, future studies can fur-
ther enhance our knowledge of effective strate-
gies for promoting maternal and foetal well-being
during childbirth, ultimately contributing to evi-
dence-based obstetric care.

Conclusion

( 7
While the counterpressure technique did not
significantly reduce pain levels or influence
uterine contractions, it was associated with a
significant increase in cervical dilation com-
pared to the control group. This finding under-
scoresthe potential role of the counterpressure
technique in facilitating labour advancement.
The significance of these findings lies in their
contribution to the existing body of knowledge
regarding non-pharmacological interventions
in childbirth. The counterpressure technique
showed promise in enhancing cervical dilation
and further research is warranted to elucidate
its underlying mechanisms and optimise its
implementation in clinical practice. Moreover,
future studies should explore the synergistic
effects of the counterpressure technique with
other pain management strategies and eval-
uate its long-term effects on maternal and
neonatal outcomes. Ultimately, these findings
have implications for both research and prac-
tice, highlighting the need for evidence-based
approaches to labour management and sug-
gesting avenues for improving maternal and
foetal well-being during childbirth.
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Introduction

Recombination between the two Rh genes are  quantitatively very low.* They are usually typed
not uncommon and result in hybrid alleles.”® as D-negative in routine serological testing
Several other genetic events also influence the and can only be detected by the adsorption/
expression of Rh antigens (weak, partial, Del or  elution technique.** Only with routine molecular
null phenotype)."" 2 In this paper, as suggested screening for Del variants the carriers could
previously, Del was used for the phenotype and  be successfully detected and not mistyped as
DEL for the allele designation.* D-negative.” 8 Anti-D alloimmunisation with

Del-mistyped red blood cells (RBC) has been
In Del individuals, D antigen expression is reported, although rarely.®*¢ %13

Copyright © 2024 Lilic et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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The frequency of Del has been well documented
for large populations.® It is significant in
Asian populations, where the frequency of Del
variants among serologically D-negative donors
is 1:5-1:8 in comparison with 1:350-1:2,000
for the populations of European origin."* The
RHD*01EL.01 allele is the most prevalent DEL
allele in Asian populations, as exemplified by
Chinese™ ¢ and Korean.!” ¥ Pregnant women
with this allele do not receive Rhlg and patients
could be transfused with D-positive RBCs.® The
most common alleles with Del expression in
populations of European origin are RHD*11 and
RHD*0Q1EL.08.4 %

Adsorption/elution testing can assist in Del
detection, particularly when molecular methods
are not available.® The RhCE phenotypes could
be significant for Del detection because of their
strong association with C+/E+ phenotypes in
many populations.®>*1821-25With theadvancement
of molecular techniques, the detection of Del
variants is becoming increasingly feasible,
underscoring the importance of integrating
both methodologies into standard blood typing
procedures, as illustrated in Asia, where Del
transfusion may lead to alloimmunisation.!2°

The primary focus of this study involved
the examination of RHD variants within the
population of D-negative blood donors over a
period of five years from the Republic of Srpska
entity of Bosnia and Herzegovina. Through the
assessment of Rh phenotype associations, the
presence of RhD epitopes and the analysis of
different RHD alleles, objective was to strengthen
and enhance the safety protocols in blood
transfusion procedures.

Methods

Participants

A prospective study was conducted at the
Institute for Transfusion Medicine of the Republic
of Srpska in Banja Luka, Bosnia and Herzegovina,
with 74,149 unrelated healthy regular blood
donors. The samples have been collected for
five years (2017-2021). They represented the
majority of the blood donors in the study period
of the entity the Republic of Srpska from Bosnia
and Herzegovina.
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Initial routine serological testing was performed
for all samples. If the result was D-negative in
direct agglutination, for participants with C+/E+
indirect antiglobulin test (IAT) was performed. If
the results of both tests were negative, samples
were screened for the presence of RHD exons 3,
5 and 10. Every sample reactive at the screening
assay was further tested by specific PCR-SSP
(PCR-sequence-specific primers) assays.

The study was approved by the Ethical Board of
the Clinical Centre of Banja Luka.Theresearchwas
conducted ethically, with all study procedures
being performed in accordance with the
requirements of the World Medical Association’s
Declaration of Helsinki. Written informed
consent was obtained from each participant for
study participation and data publication.

Serological testing

For D antigen determination, two direct agglu-
tination methods were used:

* tube method using anti-D monoclonal IgM/
IgG, anti-D blend (TH-28/MS-36, anti-D
blend 175 2-415 1E4, CE Immunodiagnostika,
Germany);

* gel method and ID-Cards ,DiaClon ABO/
Rh for Donors” (monoclonal anti-D:ESD-1M,
175-2, BioRad, USA).

Verification of weak D by IAT: ID-DiaClon Anti-D
(reagent containing monoclonal IgG anti-D for
confirmation of D weak by [AT), Coombs Anti-IgG
(ID-Cards containing anti-human globulin rabbit
anti-IgG for verification of D weak by IAT), LISS/
Coombs (ID-Cards of 6 microtubes containing
anti-IlgG and anti-C3d), all manufactured by
BioRad.

The RhCE antigens were also detected by two
methods:

* tubemethodusinghumanmonoclonal anti-C
test reagent (clones: P3X25513GB+MS24),
anti-E (clone 906), anti-c (clone 951) and
anti-E (clones: P3GD512+MS63), all by Dia-
gast, France;

* DiaMed-MP TestC, ¢, E, e, K (BioRad) consisting
of microplates with dried antibodies: anti-C
cell line MS-24; anti-c MS-33; anti-E MS-260;
anti-e MS-63 and anti-K MS-56.

DNA testing

DNA was extracted from 200 pL of whole blood
sample by using the Ready DNA Isolation Spin
kit (Inno-train Diagnostik, Germany). The donor-
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derived DNA samples were tested for the presence
of RHD sequences by three RBC-FluoGene assays
(RBC-FluoGene CDE, RBC-FluoGene D weak/
variant, RBC-FluoGene CDE eXtend), which were
based on PCR-SSP, with the fluorometric results
evaluation involving the fluorescence reading
of TagMan probes by the FluoVista instrument
according to the manufacturer’s instructions
(Inno-train Diagnostik).

Adsorption/elution test

In serologically D-negative, C+/E+ participants
where RHD sequence was confirmed by DNA
testing, D antigen was later re-examined in the
Blood Transfusion Institute of Serbia (BTIS),
Belgrade, Serbia, by adsorption of human
polyclonal anti-D antibodies (produced “in
house” from anti-D test sera of human origin by
the Department for Production of Diagnostic

Results

Initially, 74,149 blood donors were routinely sero-
logically tested for D antigen. There were 12,827
serologically D-negative donor samples (17.30 %),
bothindirectagglutinationas wellasin IAT. Among
these, 481 were D-negative, C+ or E+ (0.65 % of all
samples, or 3.75 % of D-negative samples). The dis-
tribution of the main RhCE antigens among these
481 donors was as follows: C 35.86 % (345/962),
c 64.14 % (617/962), E 15.28 % (147/962) and e
84.72 % (815/962). The frequencies of serological-
ly determined Rh phenotypes in D-negative blood
donors are given in Table 1. Homozygous RHCE
genotype was determined in three D-negative
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Test Reagents of BTIS). Afterwards, RBCs were
washed five times and subsequently eluted
(DiaCidel, Bio-Rad) for antibody identification.
Anti-D from the eluate was detected by the gel
method using NaCl and Liss/Coombs ID-cards
by ID-DiaCell IP-IIP-IIP and ID-DiaCell I-II-I1I
screening test red cells (both Bio-Rad). Antibody
specificity was determined using ID-DiaPanel P
and ID-DiaPanel (both Bio-Rad).

Statistical methods

Absolute frequencies of antigens and alleles were
collected by direct counting. The Pearson’s chi-
squared test was used to determine significance,
set at p < 0.05 as statistically significant, in
frequency comparisons. Proportion 95 %
confidence interval (CI) was calculated using the
Wilson score interval. IBM SPSS software version
18.0 was used.

blood donors with C+/E+ (0.62 %): RHCE*02/*02
in two and RHCE*03/03 in one.

In the serologically D-negative blood donor pop-
ulation with C+/E+, there were mostly RHD-neg-
ative donors (441/481, 91.68 %), whose final re-
sult of RHD deletion (homozygous RHD*01N.01)
was defined by the negative result in the RHD
screening assay. In each of the remaining sam-
ples (40/481, 8.32 %), some RHD sequence was
detected; therefore, there were 40 RHD-positive
samples. Summary frequencies for RHD variants
in this study are presented in Table 2.

Table 1: The frequencies of Rh phenotypes in serologically D-negative blood donors

Serologically Frequency in Frequency in all
determined D N D-negative C+/E+ D-negative blood
Rh phenotypes onors (N) blood donors donors
(N = 481) (N =12,827)

ddccee 12,346 NA 96.250 %
ddCcee 333 69.231 % 2.596 %
ddCCee 2 0.416 % 0.016 %
ddCcEe 8 1.663 % 0.062 %
ddccEe 137 28.482 % 1.068 %
ddccEE 1 0.208 % 0.008 %
Other D-negative phenotypes 0 0.000 % 0.000 %
Total 12,827 100.000 % 100.000 %

NA: not applicable;
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Table 2: Summary frequencies of RHD variants in blood donors
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Frequency of
Blood donors’ Total blood blood donors 95 % confidence
subgroup donors with RHD interval®
variants
All blood donors 74,149 0.054 % or 1:1,853 0.040 % —0.073 %
D-negative 12,827 0.312 % or 1:321 0.229 % —0.424 %
481 including:

D-negative, C+/E+

blood donors e 441 RHD-negative

e 40 RHD-positive

8.316 % or 1:12

6.166 % —11.130 %

a: Proportion confidence interval was calculated using the Wilson score interval;

Table 3: Distribution of detected RHD alleles (N = 40) with the associated Rh phenotype

5 5 g

® Q =
@ = x Lo
s 2 = S = N ® N 19 3 =
s 8 =S = S S S S S g 2%

S = F £ s 8 8 S S 8 S 3
s 3 a E a a a a a a a Sa =

(7] [-F] e
£ & = 3 = = = = = = = S8 ]

A 11 15 1 1 1 1 1 2 36
B 27500% 37.500% 7500% 2500%  2.500 % 2500% 2500% 2.500% 5.000%  90.000 %
8 ¢ 2287% 3119% 0624% 0208%  0.208% 0.208% 0.208% 0.208% 0.416 % 7.484%

D 0086% 0117% 0023% 0.008%  0.008 % 0.008% 0.008% 0008% 0.016% 0.281 %

A 1 1 2
8 B 2.500 % 2.500 % 5.000 %
8 ¢ 0.208 % 0.208 % 0.416 %

D 0.008 % 0.008 % 0.016 %

A 1 1
L 2.500 % 2.500 %
8 ¢ 0.208 % 0.208 %

D 0.008 % 0.008 %

A 1 1
& B 2500% 2.500 %
8 ¢ 0208% 0.208 %

D 0.008% 0.008 %

A 12 16 3 1 1 1 1 1 1 3 40
§ B 30000% 40.000% 7500% 2.500% 2.500% 2500% 2500% 2.500% 2.500% 7.500%  100.000 %
© ¢ 2495% 3.326% 0624% 0.208% 0.208% 0.208% 0.208% 0.208% 0.208% 0.624 % 8.316 %

D 0094% 0125% 0023% 0008% 0.008% 0.008% 0.008% 0.008% 0.008% 0.023% 0.312%

A — absolute number in each cell designates the number of samples;

B — the first percentage is the frequency in all RHD positive donors (N = 40);

C - the second percentage is the frequency in serologically D-negative C+/E+ donors (N = 481);
D — the third percentage is the frequency in all serologically D-negative donors (N = 12827);
The minus sign denotes no alleles within the Rh phenotype.

Eight different RHD alleles were found in this
study. There were 19 samples that need further
clarification. Out of these, genotyping of three
samples did not reveal any known RHD allele and
they remained unresolved (without a conclusive
result, labelled as “RHD-positive”). The remain-
ing 16 samples were designated as seemingly
RHD*01, indicating just the presence of all RHD
exons, as all the exons’ respective reference SNVs

(single nucleotide variant) were detected in these
samples. Table 3 shows the distribution of the
RHD genotyping results linked to the associated
Rh phenotype.

The donors with hybrid RHD-RHCE alleles
(RD*0IN.03 and RHD*01EL.44) were afterwards
serologically tested by adsorption/elution. All
four donors gave positive result, thus indicating
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the Del expression of both respective alleles. The
same adsorption/elution technique showed pos-
itive result in the donor with RHD*05.05 and se-
lected donors with RHD*11.

Discussion

In this study, the diversity of serologically D-neg-
ative blood donors in the Institute for Transfusion
Medicine of the Republic of Srpska that collects
blood donor samples from the whole entity of the
Republic of Srpska in Bosnia and Herzegovina
was described, so this study may be considered
population-wide research. After initial study in
2019,%! this research focused on the Rh diversity
of the serologically D-negative blood donor popu-
lation in the period of 5 years.

Three of eight different RHD alleles were previous-
ly determined in our country (RHD*11, RHD*01W.1
and RHD*01W.3)?! and the five remaining were
encountered locally for the first time. As estab-
lished for other European populations, RHD*11
is the most frequent allele with the Del pheno-
type also in the studied population.* 2! The
RHD*01W.2 and RHD*01W.14 alleles were not en-
countered within their most common haplotype
(cDE),?” as both donors had the Ccee phenotype.
All but one RHD*11 donors had the Ccee pheno-
type (the remaining one had CcEe), which vali-
dated the established observation of RHD*11 Del
expression linkage to CDe haplotype.?” All eight
alleles were previously described in neighbouring
Croatia.?*%8-3° All but RHD*05.05 and RHD*01EL.44
alleles were detected in neighbouring Serbia.?!

Interestingly, while in authors’ initial study, with
a smaller sample size,*! the frequency of RHD al-
leles in D-negative C+/E+ donors was relatively
high (9.8 %), the comparison with results of this
study (8.3 %) yields a nonsignificant difference,
p = 0.645. The difference in comparison between
the results in this study and the same ratio from
Serbia?! is not significant (p = 0.688), but it is sig-
nificant with the percentage values from the two
Croatian donor studies (first study®®: 3.59 %, p <
0.001; second study?%: 1.74 %, p = 0.013).

The three rare RHD alleles in the focus of
this study were RHD*05.05, RHD*01N.03 and
RHD*01EL.44 (RHD*DEL44). The allele RHD*05.05
was originally described in Asian populations, but
also in Austria and Greece.?"3? It has been report-
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ed in Dalmatia, the coastal region by the Adriatic
Seain Croatia;*° therefore, its occurrence was not
completely inconceivable. This allele codes for
the DHK (DYO) antigen, first described in Asia.’*
3* The phenotype varies from D-negative through
weak D to D-positive.?® Since there was an anti-D
reactivity detected in the eluate from the donor's
RBCs, the donor’s status was changed to D-posi-
tive.

This is the first publication with any RHD null
allele other than RHD*01N.01 detected in Bosnia
and Herzegovina. The RHD*01N.03 allele is infre-
quently detected among serologically D-nega-
tive individuals. In the Han Chinese population,
it was the most common after the homozygous
RHD deletion.?® In a Croatian study, it was pres-
ent in almost half of all RHD-positive D-negative
blood donors.?° Three samples in this study were
negative in IAT, but anti-D was identified after
adsorption/elution technique. The haplotype
association of RHD*0IN.03 is predicted®” to be
with the RHCE*02 (*Ce) allele. The designation
RHD*01N.03 was chosen in this paper, as it was
the result indicated by the FluoGene software.
For clarification purposes, since all three do-
nors with this allele have the Ccee phenotype,
it is impossible to distinguish the RHD*01N.03
(RHD*D-CE(2-9)-D) allele from the RHD*01N.04
(RHD*D-CE(3-9)-D) allele with the used molecular
test system due to the exon 2 sequence equiva-
lence of RHD and RHCE*02 (RHCE*Ce).

The RHD*DEL44 allele has been sporadically
registered globally and to the authors’ knowl-
edge, this research represents the first descrip-
tion of any DEL allele in Bosnia and Herzegovi-
na. In Europe, the reports came from Austria,*’
Switzerland,®® 3° Portugal*® and the most recent
one from Croatia.?? OQutside Europe, the allele
presence was documented in China,"** Austra-
lia,” India,** Argentina,** Thailand*® and Ocea-
nia.* Itis a hybrid allele, with the gene structure
RHD*D-CE(4-9)-D.* 2" 35 %7 Its expression varies
as either Del or D-negative. It is mostly report-
ed as D-negative,®* 273> but ISBT categorises it
within the DEL alleles (hence the official name)
and not the null allele group.! It has just been re-
ported that the allele of the same gene structure
can even express a C antigen.”” Recently, there
was a description of the RHD*DEL44 allele and
its expression within the blood donors in north-
western Croatia.?? It seems likely that there could
exist at least a central or southeastern European
basin of this allele with detectable antigens on
the RBCs accounting for the Del expression. Both
the results of the Croatian study?? and this study
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suggest the need to verify the expression of this
allele, thereby preventing its reporting as a null
allele by default solely due to its hybrid structure.
RHD*DEL44 in presented donor was most proba-
bly associated in haplotype®” with the RHCE*02
(*Ce) allele.

For the four donors with the rare hybrid alleles
(RHD*0IN.03 and RHD*01EL.44) their Del ex-
pression was indicated. Accordingly, their sta-
tuses have been changed to D-positive, so their
blood products can be properly administered in
the future. Both alleles are commonly interpret-
ed as having a D-negative expression3® 3¢ which
is further inconsistent considering their official
nomenclature. 3 The RHD*0IN.03 allele has a
structure of RHD*D-CE(2-9)-D, which suggests
it should typically behave as a null allele.! The
RHeference database* has numerous references
to the D-negative phenotype and only one to the
Del phenotype like presented in this study, from
Thailand.*® Although RHD*01EL.44 is catalogued
as the DEL allele by ISBT, its Del phenotype was
observed only originally in China*!*? and Cro-
atia.?? The phenotype of this allele could not
be verified for the carrier in Oceania?’, as it
was a case of heterozygous RHD genotype of
RHD*DEL44 with RHD*01 in trans position.

Satisfactory conclusive results were not obtained
for three donor samples. It is confirmed they defi-
nitely do have RHD sequences. However, the final
result was not clear due to discrepancies and their
evaluation is still pending. The most problematic
but possibly exciting results involve the group of
16 donors (3.33 %), all RHD-positive, seemingly
RHD*01. All reference SNVs detecting each of the
10 RHD exons were present in all 16 samples and
consistently, no other SNV from any other RHD
allele than RHD*01 was detected. The authors
share genuine reservations that these really are
reference sequences of the RHD gene and that
there are intact standard D antigens on RBCs of
these donors. Serological reactivities in both as-
says were negative. It can be confirmed that data
of these 16 blood donors were subsequently exam-
ined and evidence of any blood relationship among
them was not found. Consequently, it could be the
case of arare RHD variant, probably a geographical-
ly specific one. The high frequency of these samples
in serologically D-negative C+/E+ donors (3.33 %)
corroborates that hypothesis. PCR assays based
on SNV detection disclose very little of the entire
RHD sequence.*® Therefore, there could be many
sequence variants that remained undetected by
the PCR setup in this study. There could also be
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some variation in the genes required for expres-
sion of Rh proteins in the RBC membrane (like
RHAG).>® Regrettably, in our region, there are no
sequencing opportunities and it is also not finan-
cially feasible for our institutions to have them all
sequenced remotely. The authors are keen to con-
tribute these samples to any future research in-
volving whole-gene RHD sequencing (both exons
and introns of the RHD gene) that would be will-
ing to explore and finally identify the underlying
molecular causes of the absence of D antigen ex-
pression in these seemingly RHD*01 donors.

This research demonstrates the importance of
verifying the expression of large hybrid Rh al-
leles. Although alloimmunisation occurrences
are extremely rare, blood bank facilities should
take all precautions to make sure that D-nega-
tive units truly are D-negative, especially for the
blood donor population. Molecular Rh examina-
tion already marks an important stage, but the
results displayed in this research shed new light
on the canon for two differentlarge hybrid alleles.
A supporting view is articulated by Srivastava et
al*” where, in addition, the importance of hybrid
allele’s breakpoint regions to the expression and
stability of mRNA transcripts is discussed, as
well as the need to distinguish different expres-
sion patterns of hybrid alleles by blood transfu-
sion services.

Conclusion

The RHD diversity in 74,149 serologically
D-negative blood donors was demonstrated
by the RHD frequency of 0.31 % in this study,
which also challenges the common percep-
tion for specific alleles, like RHD*0IN.03
and RHD*01EL.44, that they do not express
D antigen. This underlines the critical role of
molecular techniques in identifying Del vari-
ants, which are often undetectable by stan-
dard serological tests. The presence of donors
with seemingly RHD*01 allele variants points
towards the possibility of undiscovered RHD
polymorphisms or other genetic factors af-
fecting Rh protein expression. These insights
reinforce the need for molecular screening in
blood donation to ensure safety. Furthermore,
this highlights the study's contribution to the
broader understanding of RHD allele varia-
tions and their implications for blood transfu-
sion compatibility.
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Introduction

Male juveniles (M]s) commit three times as many  psychological distress.> Two-thirds of juvenile
crimes as female juveniles.! When incarcerated, offenders suffer from at least one diagnosable
male juvenile offenders (M]Os) lose many of their ~ psychological disorder.* Psychological disorders
freedom; such as the ability to engage in het- are psychopathological conditions; such as signs,
erosexual relationships, recreational areas, fur- symptoms and problematic traits; that adverse-
thering education and social activities.? As such, ly affect the cognition, emotions and behaviours
incarceration can often lead to low self-esteem  of individuals as well as their quality of life and
and negative perceptions of one’s self, leading to  ability to socialise, work and engage in other im-

Copyright © 2024 Nugroho et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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portant lifestyle activities for a duration exceed-
ing two weeks.>? Psychological distress can often
lead to mental illnesses and mental disorders.
A global meta-analysis concluded that juvenile
offenders experience mental illnesses while a
systematic review and meta-regression analysis
reported that M]JOs have diagnosable conduct dis-
orders (61.7 %), attention deficit hyperactivity
disorder (ADHD) (17.3 %), major depression (10.1
%), post-traumatic stress disorder (PTSD) (8.6
%) and psychotic illnesses (2.7 %).!° A study on
psychological distress among 17-year-old Austra-
lian M]Os who are incarcerated or in community
based-programmes found that most incarcerated
M]Os are significantly more likely to screen posi-
tive for depressive symptoms and psychosis than
their peers in community based-programmes.!
Another study of psychiatric morbidity among
Nigerian MJOs aged = 15 incarcerated at a juve-
nile correctional facility showed that 62.5 % ex-
perienced psychiatric disorders with disruptive
behaviour disorders (40.8 %), substance abuse
disorders (15.8 %), anxiety disorders (14.2 %),
psychosis (6.7 %) and mood disorders (5.0 %).'*
13 A South Korean study, similarly, found that 90.8
% of MJOs aged < 19 have at least one diagnosable
psychiatric disorder while 75.1 % have psychiat-
ric comorbidities.'®

Therefore, as M]Os clearly experience psychologi-
cal distress, it warrants further examination and
the development of management methods. The
factors that contribute to psychological distress
among incarcerated juveniles are age (< 20 years
old), low levels of education, incarcerations of <
1 year, being violent offenders, adhering to the
Christian faith, experiencing traumatic events,
misbehaviours and family factors.'*?** Agustine
examined psychological distress among M]Os in
Jawa Barat Province, Indonesia using the strength
and difficulties questionnaire (SDQ). The study
found that 14.2 % of the 56 participants expe-
rienced psychological distress.?® Agustine then
conducted a pilot study involving 27 participants
from the Sungai Raya Special Child Develop-
ment Institution (Lembaga Pemasyarakatan Khu-
sus Anak; LPKA) using the SDQ, which revealed
that 11 % experienced psychological distress.
Although multiple studies have examined many
aspects of psychological distress among M]Os
across the globe, Indonesian studies have only ex-
amined the prevalence of psychological distress.
As such, this present study is the first domestic
study aimed to examine the overall prevalence of
psychological distress in a large population that

Nugroho et al. Scr Med. 2024 May-Jun;55(3):317-25. |

is representative of Indonesian M]Os. It also iden-
tified the risk factors of psychological distress
among M]Os incarcerated in Indonesia. As the
mental health characteristics of MJOs differ from
that of female juvenile offenders and there are
more male juveniles incarcerated in Indonesia
than female juveniles, this present study chose to
examine M]JOs.

This study aimed to examine the (1) psychologi-
cal distress that the Indonesian MJO population
experiences and (2) identify the risk factors that
influence psychological distress among Indone-
sian M]Os.

Methods

An anonymous cross-sectional survey was con-
ducted on 1324 M]Os aged 12-17 and incarcerat-
ed at 28 LPKAs across 33 provinces in Indonesia.
The outcome variable of this study was a cate-
gorical scale with dichotomous variables; namely
abnormal and normal.?® Therefore, the present
study used this proportion to calculate the ideal
sample size using a formula that existing stud-
ies had used to calculate the prevalence rate.?”28
Only one domestic study has examined the preva-
lence of psychological distress using the SDQ. The
study, which was conducted at a Class II LPKA in
Bandung, Indonesia, reported a prevalence rate
of 14.2 % when the cut-off was 2 20. A further 10
% of the sample size was added in anticipation of
incomplete questionnaires or refusals to partic-
ipate.?” As such, the participants of this present
study numbered 206.

Stratified random sampling was used as the ex-
amined population comprised several strata or
subgroups and separate samples had already
been obtained from each subgroup. Probability
proportional to size (PPS) sampling was used to
determine the ideal sample size for each prov-
ince. The inclusion criteria were incarcerated
M]Os aged 12-17 at the time of the survey and had
been incarcerated for at least a night while the
exclusion criteria were MJOs who did not agree
to participate, those with severe disabilities that
affect their communication; such as slurred or
unclear speech, non-verbal and impaired hearing.

Socio-demographic data; such as age, education
level, religion, marital status, employment pre-in-
carceration, living arrangement, length of incar-
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ceration, type of offense, history of misbehaviour
pre-incarceration, parents’ marital status and
psychological trauma symptoms was collected.
The SDQ was used to determine the extent of the
participants’ psychological distress.

All the socio-demographic variables of the par-
ticipants were categorised. The age was grouped
into early adolescence (12-15) and middle adoles-
cence (16-17). The education was grouped into
low (no schooling/had dropped out of school or
only completed primary education) or high (com-
pleted secondary education). The religion was
grouped into Muslim or non-Muslim while the
marital status was grouped into single or mar-
ried. The employment pre-incarceration was
grouped into possessed a permanent job, worked
as a day labourer or unemployed while the liv-
ing arrangement was grouped into alone, with
spouse without children and with family.

The length of incarceration was grouped into <
1 year and > 1 year while the type of offense was
grouped into violent (sexual crimes, murder, rob-
bery, persecution and assault) and non-violent
(property offenses, public order offenses, drug
offenses, possession of offensive weapons and
others). The history of misbehaviour pre-incar-
ceration was grouped into having three misbe-
haviours (smoking, prior gang involvement, alco-
hol use or drug use), having two misbehaviours
(thieving and smoking) and only one misbe-
haviour (thieving, smoking, prior gang involve-
ment, alcohol use, or drug use). Lastly, the par-
ents’ marital status was grouped into divorced/
widowed or married while the psychological
trauma symptoms were grouped into no and
yes.30

The global psycho-trauma screen (GPS) was used
to measure the psychological trauma symptoms
of the participants as it is a screening instrument
that is designed to identify reactions to severe
stressors or potentially traumatic events. It was
translated to Indonesian by Indira Primasari,
with a reliability of 0.83, sensitivity of 0.83 and
specificity of 0.711. It comprised 17 symptomatic
questions and five risk/protective factor ques-
tions, each answered by a Yes or No and one func-
tioning item. Each item was given two response
options and scored. More specifically, items 1-21
were scored No = 0 and Yes = 1 while Item 22
were scored No = 1 and Yes = 0. The GPS score
is the sum of Items 1 to 17 and Item 18.3' A GPS
symptom score of = 8 indicates the presence of
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psychological trauma symptoms while a score
of < 8 indicates no psychological trauma symp-
toms.32 33

As the SDQ was a tool for screening psychological
distress among juveniles, it was used to examine
the incarcerated M]0s.3* The SDQ is Indonesia’s
standard mental health screening.?® It has a re-
liability of 0.73, sensitivity of 0.67 and a specific-
ity of 0.68. The SDQ comprised 25 items divid-
ed across five subscales; namely, 1) emotional
symptoms (five items), 2) conduct problems (five
items), 3) hyperactivity/inattention (five items),
4) peer relationship problems (five items) and 5)
pro-social behaviours (five items); with three re-
sponse options; namely, not true = 0, somewhat
true = 1 and certainly true = 2. It took 10-20 min-
utes to administer test and its subscale scores
range from 0-10.

Data collection

Once ethical approval had been obtained from
the Indonesian National Research and Innovation
Agency and the Ministry of Laws and Rights, the
permission letter was sent to the 28 LPKAs. The
primary researcher then explained the data col-
lection process to the LPKAs’ staff and shared the
data that the 28 research assistant had already
collected. The research assistants comprised 17
undergraduate degree students and 11 bache-
lor’s degree students living near each of the 28
LPKAs. Therefore, the total of research assistants
was 28 people. Via a Zoom™ meeting, the primary
researcher explained the research protocols for
data collection to the research assistants to pro-
tect the participants and to strengthen the va-
lidity and reliability of the collected data. A data
collection practice test was also given.

Each participant had to verbally consent to par-
ticipate in the present study before they were ad-
ministered the questionnaire by a research assis-
tant in a counselling room at the facility in which
the participant was incarcerated. Each completed
questionnaire was labelled with a code number
and the participant’s age instead of their name
to ensure anonymity. The participants and the
research assistant were strictly prohibited from
taking photo and videos during the session. If a
participant was illiterate, the research assistant
read the questionnaire to the participant. The
participants were required to deposit their ques-
tionnaires in the research assistant’s box at the
front of the counselling room within 30 minutes.
The research assistants were unaware of the re-
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sponses in the questionnaires. The research as-
sistants then mailed the questionnaires to the
researchers via post office document delivery
between October to November 2022. Therefore,
only the researchers were aware of the responses
in the questionnaires.

Data analysis

The means and frequencies of all the examined
variables were calculated using descriptive sta-
tistics. The mean scores and prevalence of the
SDQ outcomes was estimated. Binary logistic re-
gression analyses were applied in three steps to
analyse the correlations between the risk factors
and the outcomes. A concurrent test was first de-
signed to detect if a risk factor affected psycho-
logical distress. An individual test or single inde-
pendent variable was then used to determine if
a risk factor significantly affected psychological
distress. Last, the odds ratios were calculated
to determine the direction and magnitude of the
risk factor.?® This was repeated for all the risk
factors examined. IBM’s® Statistical Package for
the Social Sciences (SPSS) 26, which was under
the university’s license, was used to analyse the
collected data.

Results

More than 70 % of the participants were aged
16-17, Muslims, single and lived with their fam-
ilies with married parents. Even though most of
the participants were unemployed (68.9 %), the
participants had completed secondary school
(68.9 %) and been incarcerated for < 1 year (84.0
%). Most of them were violent offenders (84.0 %)
with only one history of misbehaviour pre-incar-
ceration (79.6 %). Also, more than half of them
exhibited symptoms of psychological trauma
(Table 1).

Psychological distress

Over half of the M]Os experienced abnormal peer
relationship problems and conduct problems.
Emotional problems and hyperactivity were re-
ported by 46.6 and 11.2 % of participants, respec-
tively. Furthermore, 97.6 % of the M]Os exhibited
normal pro-social behaviours, followed by 2.4 %
abnormal. Therefore, the total difficulty score of
the MJOs was abnormal (47.6 %) (Table 2).
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Table 1: The sociodemographic characteristics of the male juve-
nile offenders (MJOs) (n = 206)

Variables Categories N %
12-15 37 18.0
Age (Years) 1617169 82.0
No schooling/had dropped out of 64 311

Education school/only completed primary education '
Completed secondary education 142 68.9
Religion Muslim 185  89.8
g Non-Musim 21 102
Single 204 99.0

Marital status Married 2 10

Empl N Possessed a permanent job 9 44
mploymen

pre-incarceration Worked as a day labourer 55  26.7

Unemployed 142 68.9

Livi Alone 19 9.2

iving : -

arrangement With spouse sang chlldrgn 1 0.5

With family 186  90.3

Length of <1 173 840

incarceration (years) >1 33 16.0

Violent 173  84.0

Sexual crimes 90 437

Murder 32 155

Robbery 25 121

Persecution 18 8.7

Assault 8 3.9

Type of offense ‘oo yiolent 33 16.0

Property offenses 6 2.9

Public order offenses 6 2.9

Drug offenses 12 58

Possession of offensive weapons 3 1.5

Others 6 2.9

Having three misbehaviours 42 204
(smoking, prior gang involvement,
alcohol use, or drug use)

Having two misbehaviours 0 0.0
(thieving and smoking)

Only one misbehaviour 164 79.6

Thieving 15 7.3

Smoking 110 53.4

Prior gang involvement 26 12.6

Alcohol and/or drug use 13 6.3

History of
misbehaviour
pre-incarceration

Parents' Divorced/widowed 61 29.6
marital status Married 145 70.4
Psychological No 92 447
trauma symptoms Yes 114 553

Risk factors of psychological distress

Backward (conditional) binary logistic regres-
sion analysed significant variables (Table 3). The
final model revealed that the prevalence odds ra-
tio (POR) of education level was 0.357 (95 % CI:
0.174-0.733) and 0.098 for psychological trauma
symptoms (95 % CI: 0.050-0.193), which correlat-
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Table 2: The psychological distress of the male juvenile offend-
ers (MJOs) (n = 206)

Domains M SD N %

. 449 2807 206 100.0
Emotional Normal 110 53.0
problems

Abnormal 96 47.0

373 2207 206 100.0

Conduct Normal 100 49.0

problems

Abnormal 106 52.0

402 2002 206 100.0

Hyperactivity Normal 183 89.0

Abnormal 23 11.0

Peer 416 1791 206 100.0

relationship Normal 73 35.0

problems Abnormal 133 65.0

) 815 1.839 206 100.0

Pro-sqclal Normal 201 98.0
behaviours

Abnormal 5 2.0

16.40 5.947 206 100.0

Total Normal 108 52.0

difficulty score
Abnormal 98 48.0

M: mean; SD: standard deviation; N: number of respondents; %: percent-
age of total number of respondents;

ed with psychological distress among incarcerated
M]JOs. The Nagelkerke R? was 0.375, which indi-
cates that the ability of the independent variable
to explain the dependent variable was 37.5 %,
meaning that 62.5 % of other factors outside the
model describe the dependent variable.

Table 3: The result of the binary logistic regression of the risk
factors for emotional and mental problems (n = 206)

Risk factors B p-value  POR 95 % ClI
Educational level -1.030 0.005 0.357  0.174-0.733
Traumatic events -2.321 <0.001 0.098  0.050-0.193
Constant 1.586

Nagelkerke pseudo-R?: 0.375; POR: prevalence odds ratio; Cl: confidence
interval;

Each variable had a significant and partial effect
on psychological distress. Education level had a
significant and partial impact on incidences of
emotional and mental problems while psycho-
logical trauma symptoms had a significant and
partial impact the incidences of psychological
distress. The POR indicated the magnitude of
these influences. Participants with no schooling,
had dropped out of school, or only completed
primary education are 0.357 times more likely
to experience psychological distress than their
peers who completed their secondary education.
Furthermore, MJOs with psychological trauma
symptoms were 0.098 times more likely to ex-
perience psychological distress than their peers
without psychological trauma symptoms. As the
B value was negative, education level and psy-
chological trauma symptoms inversely correlate
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with incidences of psychological distress. There-
fore, the higher the level of education, the lower
the likelihood of experiencing psychological dis-
tress. Also, the fewer the psychological trauma
symptoms, the lower the likelihood of experienc-
ing psychological distress.

Discussion

The socio-demographic characteristics of the in-
carcerated MJOs were similar to that of ordinary
adolescents in Indonesia.’” More specifically,
most of them further their education, were sin-
gle, unemployed, lived with family and their par-
ents were married. However, they commit acts of
violence as well as exhibit psychological trauma
symptoms and had misbehaviours.

The findings indicate that almost half of the M]Os
had abnormal emotional problems and that more
than half of them had abnormal conduct and peer
relationship problems. This present study’s SDQ’s
total difficulty score was higher than that of the
only other Indonesian study as the latter was
conducted at only one LPKA (Sungai Raya Spe-
cial Child Development Institution) and its sam-
ple size was small (27 participants). However,
the abnormal emotional problem finding of this
present study is similar to that of a study on Bra-
zilian M]Os, which reported that more than a half
of Brazilian M]Os have difficulties related to emo-
tional and mental health.?® This could be because
M]JOs are in a transitional period, during which
adolescents experience emotional, behavioural
and social changes.*® Therefore, when M]Os con-
duct criminal acts, they lack psychological matu-
rity and rational thinking.*® They may also have
emotional, conduct and peer relationship prob-
lems.

Present study found that low levels of education
strongly correlate with incidences of psycholog-
ical distress. Studies from Malaysia, the United
Kingdom, Chile, Kenya and Cambodia, have, simi-
larly, concluded that MJOs with low levels of edu-
cation; such as primary education only, no school-
ing, did not complete schooling, dropped out of
school, or did not pursue a secondary education;
had higher and more severe incidences psycho-
logical distress. Education is essential for adoles-
cents as adolescents with low levels of education
cannot make logical judgments as they cannot ef-
ficiently utilise their cognitive skills.*! It is neces-
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sary to improve their cognitive abilities to enable
them to think logically and critically and under-
stand emotions that affect their mental health.*?
Therefore, low levels of education significantly
affect incidences of psychological distress.

Present study also found that psychological trau-
ma symptoms correlate with incidences of psy-
chological distress. An extant study, similarly,
reported that incidences of psychological trau-
ma pre-incarceration; such as a history of child,
sexual, emotional and physical abuse as well as
exposure to bullying, neglect and homelessness;
correlate with higher incidences of psychological
distress.** Traumatic events can significantly al-
ter the emotions, thoughts and behaviours of in-
dividuals, leading to high-risk mental health chal-
lenges in later life.** As adolescence is a transition
period, MJOs have unstable feelings and cannot
control their emotions, thoughts and behaviours,
which affect their coping mechanisms. As such,
adolescents cannot cope with internal or exter-
nal stressors due to their inability psychological-
ly and cognitively. Therefore, M]JOs with fewer
psychological trauma symptoms have fewer inci-
dences of psychological distress.

To the best of authors’ knowledge, only one 2018
study has examined the prevalence of psycholog-
ical distress at an LPKA in Indonesia. It then went
on to examine the risk factors of psychological
distress among incarcerated Indonesian M]Os.
Therefore, the findings from the 206 M]Os in-
carcerated at 28 LPKAs may represent problems
that can be generalised to the rest of the country.
However, as this present study solely focused on
M]Os, the collected data cannot be evaluated from
a gender perspective as female juvenile offend-
ers were excluded as there were too few of them.
Lastly, as this present study was a cross-section-
al, it could not determine if the M]Os developed
symptoms of psychological distress pre-incar-
ceration or due to a chronic event that occurred
during incarceration.

Future studies may consider developing appro-
priate interventions that help juveniles, espe-
cially incarcerated MJOs, manage and overcome
psychological distress. Furthermore, the govern-
ment, especially the Ministry of Law and Rights,
should help every juvenile offender to continue
their education and implement policy campaigns
that address symptoms of psychological distress
among juveniles. Apart from that, healthcare pro-
viders could promote the importance of educa-
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tional attainment to ordinary adolescents. They
may also recruit the help of the family if an ado-
lescent has problems in school and communicate
with teenagers to prevent them from committing
acts of juvenile delinquency and avoid incarcer-
ation. Healthcare providers may also prevent
adolescents from developing symptoms of psy-
chological distress by giving them mental health
education and counselling or therapy. Meanwhile,
healthcare providers could encourage incarcerat-
ed juveniles to further their education. They may
also screen them for symptoms of psychological
distress and recommend trauma-specific coun-
selling for specific events; such as PTSD, distur-
bances in self-organisation (DSO), anxiety, de-
pression and insomnia.

Conclusion

The psychological distress of Indonesian M]Os
is a public health concern that warrants com-
prehensive mental health care to be integrat-
ed into the present healthcare system for in-
carcerated juveniles. Furthermore, education
level and symptoms of psychological distress
must be examined when routine mental health
examinations are conducted followed by the
implementation of appropriate treatments.
Government and healthcare providers should
make an effort to implement support, educa-
tion and psychological health management in
juvenile facilities.
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extensively drug-resistant (XDR, n = 60). Out of the total 60 isolates, 55
isolates (92 %) showed the ability for biofilm formation, with the majority
of them classified as strong (42 %) and moderate (42 %) biofilm produc-
ers. MBIC values of SeNPs for 55 biofilm-producing isolates ranged from
0.07 to 1.25 mg/mL. Strong biofilm producers had statistically higher MBIC
(0.15 mg/mL) in correlation to other biofilm-producing isolates (0.07 mg/
mL). There was no correlation between invasiveness of isolates with biofilm
production and MBIC values.

Conclusion: Presented results are very promising and interesting espe-
cially in nanotechnology and medical fields, while SeNPs with the addition
of cationic surfactant inhibit biofilm formation of MDR A. baumannii clinical
isolates.
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Introduction

Acinetobacter baumannii (A. baumannii) is one  such as ventilator-associated pneumonia and
of the most common human pathogens, associ-  sepsis, urinary tract and skin and soft tissue in-
ated predominantly with nosocomial infections fections, especially among critically ill patients
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in intensive care units.! A. baumannii belongs to
the ESKAPE group of microorganisms (Entero-
coccus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, A. baumannii, Pseudomonas aerugi-
nosa, and Enterobacter spp), which are globally
notorious for human health due to their ability
to acquire diverse resistance genes rapidly. Car-
bapenems and colistin are the most commonly
used antibiotics for the treatment of multi-resis-
tant bacterial isolates. Unfortunately, resistance
to carbapenems is now significantly widespread,
because of the genome plasticity of this bacteri-
um, which easily acquires resistance genes, in-
cluding genes for carbapenemases production.
The high prevalence of carbapenem-resistant
A. baumannii (CRAB) isolates carrying bla,,, ,.-
like and bla,,, , -like genes has emerged as a se-
rious problem in healthcare settings in Serbia.>
3 Also, bacteria can become resistant to other
classes of antibiotics by regulation of antibiotic
transportation through bacterial membranes (eg
reduced expression of porins or enhanced activa-
tion of efflux pump), alteration of the target site
(eg ribosomal protection protein) and enzymat-
ic modifications and inactivation of antimicro-
bial substance (eg aminoglycosidases).! During
the COVID-19 pandemic, the importance of this
pathogen was extremely emphasised, because it
was determined that co-infection between the
SARS-CoV2 virus and this bacterium was very
often associated with a fatal outcome.* > Most
of the patients who died were in intensive care
units with respiratory failure and were treated
with the invasive mechanical ventilation. A. bau-
mannii is capable of forming biofilm on artificial
substrates, such as respiratory ventilators or vas-
cular and urinary catheters. It is an excellent bio-
film producer and biofilm production represents
an additional factor contributing to the develop-
ment of antimicrobial resistance. Taking all these
facts together, it is obvious that the World Health
Organization ranked multidrug-resistant (MDR)
A. baumannii as the number one priority microor-
ganism for antimicrobial substance research and
development.

Nanoparticles (NPs) are one of the most prom-
ising antibacterial agents. Due to their small
size and high surface-to-volume ratio, NPs have
physical and chemical properties that differ from
their bulk material. Selenium is an essential min-
eral and micronutrient that is well known for its
anticancer and antimicrobial activity, as well as
being an important substance for improving re-
productive capabilities.® Selenium nanoparticles
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(SeNPs), compared with selenium inorganic and
organic compounds, emerged as a promising
agent for antimicrobial and biomedical uses due
to their low toxicity, degradability and high bio-
availability.” When it comes to NPs, their ability
for aggregation is quite challenging. In order to
avoid this unfavourable occurrence, one uses
surfactant-coated NPs methodology. Essentially,
NPs are surrounded and covered by the surfac-
tant which allows NPs to be more stable.

The aim of this study was to determine the ca-
pacity for biofilm production among MDR A. bau-
mannii isolates obtained from different clinical
specimens and to evaluate the antimicrobial ef-
fect of SeNPs coated with cationic polymer cet-
yltrimethylammonium bromide (CTAB) against
planktonic isolates and biofilm formation of clin-
ical isolates of MDR A. baumannii.

Methods

Bacterial isolates, species identification and
antimicrobial resistance

The present experimental study included 60
non-redundant randomly selected MDR A. bau-
mannii isolates from the bacterial collection of
the Institute of Microbiology and Immunology in
Belgrade. The isolates were recovered from pa-
tients admitted to hospitals in Serbia during Jan-
uary-June 2018. Identification of the 4 calcoaceti-
cus-baumannii complex (Acb complex) was done
using conventional bacteriological techniques
employed in clinical microbiology. Species identi-
fication of isolates as A. baumannii was confirmed
by Vitek 2 System (Biomerieux, France). Invasive
isolates were those collected from normally ster-
ile body sites (such as blood, peritoneal fluids and
cerebrospinal fluids). Non-invasive isolates were
those obtained from skin and soft tissue, urine
and respiratory tract.

According to the recommendations of the Euro-
pean Committee on Antimicrobial Susceptibility
Testing (EUCAST), the antimicrobial suscepti-
bility of A. baumannii to meropenem, imipenem,
gentamicin, amikacin, ciprofloxacin, levofloxa-
cin and trimethoprim-sulfamethoxazole was de-
termined by disk-diffusion assay (Bio-Rad, UK).?
ComASP Colistin (Liofilchem, Italy) was used to
determine the minimum inhibitory concentra-
tions (MICs) for colistin, in accordance with EU-
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CAST recommendations.® Based on antimicrobial
resistance, all A. baumannii isolates were classi-
fied as follows: (i) MDR- resistant to at least one
agent in three or more antimicrobial categories,
(ii) extensively drug-resistant (XDR)- resistant
to at least one agent in all, but two or fewer an-
timicrobial categories and (iii) pandrug-resistant
(PDR)- resistant to all agents in all antimicrobial
categories tested.’

Biofilm production assay

Quantification of biofilm production was done
following the protocol by Stepanovic et al.'° After
the 37 °C overnight incubation in Trypticase Soy
broth (TSB, Biorad, UK), strains were diluted in
fresh TSB to achieve a final concentration of 10°
CFU/mL. Aliquots of A. baumannii suspension
(100 pL) were transported to each well of the 96-
well microtiter plate and were incubated for 24
h at 37 °C. Microtiter plates were aspirated and
washed three times with sterile phosphate-buft-
ered saline (PBS). The plates were dyed with 100
uL of 2 % (w/v) crystal violet for 15 min, washed
three times and dried overnight at room tem-
perature. Thereafter, 100 pL of glacial acetic acid
at 33 % (v/v) was used to dissolve the dye that
had been bound to the biofilm matrix. Using an
automated microtiter plate reader, the optical
density (OD) of each well was determined spec-
trophotometrically at 570 nm (ICN Flow Titertek
Multiskan Plus Reader, Meckenheim, Germany).
TSB was the only suspension in the negative con-
trol wells. A. baumannii ATCC 19606 was used as
positive control. Three standard deviations more
than the mean OD of the negative control were
designated as the cut-off OD (ODc).

The results were evaluated as follows:

0D < ODc non-biofilm producers,

0ODc < 0D < (2 x ODc) = weak biofilm producers,
(2 x ODc) < OD < (4 x ODc) = moderate biofilm
producers and

0D > (4 x ODc) = strong biofilm producers.

SeNPs synthesis

Five hundred mg of sodium selenite (Na,S,0,)
was dissolved in 50 mL of double distilled water,
then it was sonicated for 10 min. Along with this
solution, the CTAB solution was also prepared.
Two hundred fifty mg of CTAB was dissolved in
50 mL of double distilled water and sonicated for
10 min. Afterward, both solutions were mixed
and stirred for 10 min on a magnetic stirrer. After
the addition of 1500 mg of ascorbic acid, the stir-
ring was continued for 4 h and the temperature

1329

was set up to 80 °C. Finally, 6.25 mL of double dis-
tilled water and 1.876 mL of hydrazine were add-
ed. After 2 h, the solution was kept for 4 days at
room temperature and it was filtered and washed
with double distilled water and dried in an oven
for 1 hat 50 °C. A similar procedure was reported
previously.t12

Characterisation of SeNPs

Characterisation of SeNPs was performed using
scanning electron microscopy (SEM) and ener-
gy-dispersive X-ray spectroscopy (EDX) tech-
nique. Images were produced by TM3030 SEM
Hitachi Japan SEM.

Testing of inhibitory effect of SeNPs on the
biofilm formation of A. baumannii isolates

The minimum biofilm inhibitory concentration
(MBIC) of SeNPs was analysed following the pro-
tocol of Bagheri-Josheghani et al.!® Aliquots of 100
uL of bacterial isolates (in a final concentration of
10° CFU/mL) in double-strength MH broth were
incubated with 100 pL of SeNPs (in final concen-
trations ranging from 1.25-0.0015 mg/mL). After
overnight incubation at 37 °C, microtiter plates
were treated as described above in section 2.2.

Statistical analyses

SPSS version 20.0 (SPSS Inc, Chicago, IL, USA) was
used for statistical analysis. Statistical compari-
son of multiple groups on the occasion of devia-
tion of normal data distribution was done using
the Kruskal-Wallis rank sum test. To compare
variances without normal distribution between
the two groups, the Mann-Whitney U test was
used. Fisher’s exact test was used for comparison
of the frequency of occurrence of the analysed
categorical variables. A p value less than 0.05 was
considered to be significant.

Results

Bacterial isolates and antimicrobial testing

All 60 isolates of Acb complex were identified as
A. baumannii. Bacterial isolates were recovered
from blood samples (18), cerebrospinal fluid (1),
peritoneal fluid (1), lower respiratory specimens
(20), urine (6) and from the wound and soft tissue
specimens (14). Bacterial isolates were obtained
from 19 female and 41 male patients. The median
age of patients was 67.3 years, with a range of 18-
88 years.
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All isolates were resistant to carbapenems (imi-
penem, meropenem), while other antibiotics
showed also high resistance rate: ciprofloxacin
(93 %), levofloxacin (93 %), amikacin (95 %),
gentamicin (98 %) and trimethoprim-sulfame-
thoxazole (93 %). All isolates were sensitive to
colistin. According to antimicrobial resistance,
all isolates were classified as MDR (n = 60) and
XDR (n = 60) isolates. None PDR isolate was de-
tected.

Biofilm production

Out of a total of 60 tested isolates, the majority
of isolates were strong (n = 25, 42 %) and mod-
erate (n = 25, 42 %) biofilm producers. Only 5 (8
%) isolates were weak producers, while 5 (8 %)
isolates were not capable of biofilm production.
Among non-biofilm producing isolates, 2 isolates
were obtained from blood and 3 isolates were ob-
tained from lower respiratory samples. Average
biofilm mass according to O.D. for strong, mod-
erate and weak biofilm producers were 0.720,
0.300 and 0.166, respectively. When the capacity
of isolates to form biofilm with invasiveness of
isolates or specimen type was compared, there
was no statistical significance in both correla-
tions (p > 0.05). There was no statistical cor-
relation between antimicrobial resistance and
biofilm production (p > 0.05). The distribution of
biofilm production abilities of the tested isolates
obtained from various clinical samples is dis-
played in Figure 1.
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SeNPs characterisation

Figure 2A presents the SEM micrographs of the
synthesised SeNPs which showed well-defined
spherical morphology. The EDX spectrum (Fig-
ure 2B) contains a pronounced Se peak, along
with the nitrogen (N), carbon (C) and oxygen (0)
peaks. The last three originate from the cationic
surfactant CTAB. Its role is to prevent agglomera-
tion of SeNPs, as well as to make energetic SeNPs
more stable.

Inhibitory effect of SeNPs on biofilm forma-
tion of MDR A. baumannii

SeNPs exhibited an inhibitory effect on biofilm
formation against 55 biofilm-forming isolates.
One isolate from the wound swab had MBIC value
of 1.25 mg/mL, while 4 isolates (2 respiratory, 1
urinary and 1 blood sample) had MBIC value of
0.625 mg/mL. All other 50 isolates have MBIC
values of 0.3 mg/mL or lower. The median MBIC
value for all 55 biofilm-producing isolates was
0.15 mg/mL, whereas MBIC,, and MBIC,, were
0.07 and 0.3, respectively. When SeNPs MBIC
values with the invasiveness of isolates was com-
pared, there was no statistically significant dif-
ference among tested isolates (p > 0.05). On the
other hand, strong biofilm producers had higher
MBIC in correlation to other isolates (p < 0.001),
as represented in Table 1. There was no statisti-
cal correlation between antimicrobial resistance
to antibiotics and MBIC SeNPs values (p > 0.05).

Figure 1: Biofilm formation abil-
ities of 60 multidrug-resistant
(MDR) isolates of Acinetobacter
baumannii obtained from vari-
_ ous clinical specimens
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Figure 2: Characterisation of selenium nanoparticles (SeNPs) using scanning electron microscopy

(SEM) and energy-dispersive X-ray spectroscopy (EDX) technique
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Table 1: Median minimal biofilm inhibitory concentration (MBICs) values of selenium nanoparticles (SeNPs)
among non-producers, weak, moderate and strong biofilm producers

MBIC Non-producers Weak producers Moderate producers Strong producers
(mg/mL) (N=5) (N=5) (N = 25) (N =25)
Median (range) 0.00 (0.00-0.00) 0.07 (0.03-0.15) 0.07 (0.007-1.25) 0.15 (0.03-0.625)

Discussion

The emergence of MDR and XDR A. baumannii is
becoming a critical health problem worldwide.
Additionally, biofilm production of MDR and XDR
A. baumannii isolates contributes both to anti-
microbial resistance and to bacterial endurance
in the hospital environment, leading to the in-
creased prevalence of nosocomial infections.* 1°
In presented study, all A. baumannii isolates were
MDR and XDR, sensitive only to colistin, a last-re-
sort antibiotic, which is now a first choice for the
treatment of resistant isolates. Fortunately, resis-
tance to colistin is still low and uncommon, but
is worrisome and needs to be observed. Although
presented resistance to other tested antibiotics
is extremely high, similar frequencies of MDR
and XDR isolates have been detected globally.'®
17 Also, it is important to notice that all isolates
were resistant to carbapenems, which, unfortu-
nately, is becoming a common finding both in our
region and globally.!® 1

Given that A. baumannii is most frequently asso-
ciated with nosocomial infections, eg ventilator
associated-pneumonia, sepsis, urinary, skin and
soft tissue infections, the majority of presented
isolates were recovered from lower respiratory
samples (20/60, 33 %), blood (18/60, 30 %) and
swabs obtained from skin and soft tissue infec-
tion (14/60, 23 %), as expected.?’ A. baumannii
has excellent capacity to form biofilm in compar-
ison to other bacteria, so it is not surprising that
almost all of isolates (55/60, 92 %) were biofilm
producers with an equal and significant percent-
age of moderate (25/55, 45 %) and strong (25/55,
45 %) biofilm producers. In the present study,
equal numbers of non-invasive and invasive iso-
lates were non-biofilm and strong biofilm pro-
ducers, respectively, without a clear statistical
correlation between bacterial invasiveness and
capacity for biofilm production. This could be ex-
plained by the shedding of the exopolysaccharide
biofilm envelope, enabling planktonic bacteria to
bereleased from the biofilm community and enter
the bloodstream causing bacteraemia. Although
invasive bacteria are isolated from the blood, no

one can claim with certainty and without addi-
tional sub-molecular testing that they do not
come from the biofilms in tissue or on indwelling
devices.? Also, the treatment of infections caused
by biofilm-producing MDR A. baumannii isolates
represents a huge challenge, while these isolates
could be resistant to all antibiotics, regardless of
the results of the antibiogram. This resistance
stems from reduced or disabled penetration of
antibiotics into the biofilm-embedded bacteria.
Presented isolates represent a great example of a
problematic situation for our healthcare system,
similar to the results of Zeighami et al.'® Better
biofilm production among MDR A. baumannii iso-
lates is explained by several mechanisms: lipid
A modification, overexpression of efflux pumps
and exposure to subminimal antibiotic concen-
tration which creates positive feedback that al-
lows a switch from planktonic to sessile growth
in biofilm.??

Infections caused by biofilm-producing MDR A.
baumannii are very demanding for treatment
and there are worldwide efforts for the develop-
ment of new promising and effective antibacteri-
al substances. According to available literature
data, this study represents one of the scarce in-
vestigations about the antimicrobial activity of
SeNPs against MDR A. baumannii isolates. The
results obtained in this study are very encourag-
ing, because SeNPs prevented biofilm formation.
Strong biofilm producers showed significantly
higher MBIC values in relation to moderate and
weak biofilm-producing isolates, as expected.
This results, as well as the results of other au-
thors, showed that SeNPs have great potential as
medical devices coatings, because they efficient-
ly prevented biofilm formation at low concentra-
tions.?*2° Hoseini Bafghi et al demonstrated that
SeNPs reduced antifungal resistance due to di-
minished expression of resistance- related genes
in resistant fungal isolates.?® Biogenic SeNPs are
capable of both the prevention of biofilm forma-
tion and degradation of mature biofilm matrix by
degradation of the bacterial cell membrane and
bacterial envelope called glycocalyx in biofilm
producing isolates of P. aeruginosa, S. aureus and
S. Typhi.*” There are no precise data about mecha-
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nism of action of SeNPs against biofilm producing
A. baumannii isolates and according to available
literature, it can only be assumed that SeNPs act
on quorum sensing molecules, preventing the
onset of biofilm formation by the switch inter-
ruption from individual planktonic isolates into
collective, biofilm-associated existence.?® The
main goal of this work was to examine the pos-
sible antibiofilm effect of modified SeNPs. Due to
technical limitations, authors’ were not able to
perform a complete characterisation of the NPs
or determine the precise mechanism of action of
these NPs during the process of biofilm forma-
tion. In future experimental work, it would be
very valuable to obtain precise information about
these two unanswered questions to highlight the
importance of presented modification method
for SeNPs synthesis.

Conclusion

In the present study, it was demonstrated that
modified SeNPs successfully prevented bio-
film formation in MDR A. baumannii isolates.
Although stronger biofilm producers required
higher concentrations of SeNPs, results sug-
gest that SeNPs coated with CTAB should be
considered as a potential coating for indwell-
ing medical devices and further development
in pharmaceutical nanotechnology.
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Introduction

Caesarean section is one the most common sur-
geries encountered in the operating room world-
wide in the younger demographic from 18-39
years of age.! With the increasing rates of caesar-
ean section deliveries worldwide, local studies
also confirm the increase in Pakistan over the
last two decades from 3.2 % in the 1990s to 18-
20 % by 2018-2019.2 This translates to around 1
in 5 mothers being delivered through a caesare-
an section in the country. With such an increased
burden, safety and success in the provision of
anaesthesia becomes mandatory to ensure the
health of the mother as well as the baby.

Spinal anaesthesia remains the modality of
choice when compared to general anaesthesia in
these patients.> With a better safety profile and
the mother being awake, spinal anaesthesia pro-
vides better pain relief both pre and post-opera-
tively reducing the need for intravenous (iv) med-
ications for induction and analgesia resulting in
a better anaesthesia profile.* However, even with
all its advantages, the procedure is not without
its deficiencies - hypotension, bradycardia® and
a failure rate ranging from 1-17 %.° To improve
upon the technique, various advances have been
made to offer a better density of block, prolonged
duration of action with decreased use of rescue
analgesia with added benefits of sedation, anxi-
olysis and patient comfort.

Isobaric levobupivacaine (s-isomer of racemic
bupivacaine)’ is introduced in recent years as
the choice drug for spinal anaesthesia in the ob-
stetric age group due to its less neuro- and car-
dio- toxicity with an improved density of block
and prolonged duration of action when compared
to conventional racemic bupivacaine.! However,
literature is scarce when combining it with ad-
juvants for better pain control, anxiolysis and
prolongation of block time especially in present-
ed demographic area where its use is still con-
sidered novel since its onset is slower than that
of racemic bupivacaine. Due to its better adverse
effect profile and longer duration of block, adju-
vants should be sought to improve its onset time
as well.®?

The two most common adjuvants used interna-
tionally in spinal anaesthesia have been the a-ag-
onist dexmedetomidine and the opioid fentanyl.
It can be hypothesised that compared to the opi-
oid fentanyl, dexmedetomidine would provide

Zahid et al. Scr Med. 2024 May-Jun;55(3):337-42. |

effective and comparable analgaesia without the
opioid-related adverse effects.

The objective of this study was to compare po-
tential superiority and efficacy of dexmedetomi-
dine versus fentanyl as adjuvants to intrathecal
levobupivacaine in the lower segment caesarean
section.

Methods

This quasi-experimental study was carried out
at the Department of Anaesthesiology, Combined
Military Hospital, Rawalpindi, Punjab, Pakistan
from July 2021 to July 2023 after approval from
the ethical review board. Two hundred forty pa-
tients requiring elective caesarean sections were
included in the study after calculating the sample
size using the WHO calculator keeping the confi-
dence interval (CI) at 95 %, margin of error at 5 %
and keeping the population proportion of caesar-
ean sections in analysed local demographic area
at 19 %.?

Inclusion criteria included all ASA-I and Il (Amer-
ican Society of Anesthesiology) adult patients of
18-30 years of age with a weight between 50-
90 kg presenting in the obstetric department
for scheduled elective caesarean delivery under
spinal anaesthesia. Non-inclusion criteria com-
prised of patients unwilling to spinal anaesthe-
sia refused to be included in the study, patients
with allergy to either fentanyl, levobupivacaine
or dexmedetomidine, patients who underwent
spontaneous labour and emergency lower (uter-
ine) segment caesarean section (LSCS) before the
operation, patients with failed spinal for the pro-
cedure and were given general anaesthesia and
patients with known major respiratory or cardio-
vascular disease.

The patients were divided into the dexmedetomi-
dine group (n = 120) and the fentanyl group (n =
120). The method of sampling was a non-proba-
bility consecutive type. This was a double-blind
study and once the patients were divided into
two groups, the anaesthetist on duty in the op-
erating room unaware of the study protocol re-
ceived sealed envelopes with the two adjuvant
vials labelled 1 and 2 with the anaesthetist not
knowing which vial had dexmedetomidine and
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which one had fentanyl. Both groups received
500 mL of normal saline in the patient holding
bay 15 min before being shifted to the operating
room. Standard monitoring including non-inva-
sive blood pressure, heart rate, capnography and
ECG in both groups.

Patients in both groups received 2.5 mL of 0.5 %
of isobaric levobupivacaine with the dexmedeto-
midine group and fentanyl group receiving 5 mcg
of the dexmedetomidine and 25 mcg of fentanyl to
a total volume of 3 mL, respectively. The patient
was injected the study solutions in both groups
in the L2-L3 or L3-L4 space by a standard needle
(Quincke) with free flow confirmed by the barbo-
tage method and the spinal solution injection and
patient was placed in the supine position with a
wedge placed underneath.

Sensory blockade till the T6 dermatome level was
confirmed by loss of sensation to cold ethyl chlo-
ride spray in the mid-line bilaterally and motor
blockade with Bromage score®® of 3 was consid-

Results

A total of 240 patients were studied divided into
the dexmedetomidine group (n = 120) and fen-
tanyl group (n = 120) group. The mean age of pa-
tients in the dexmedetomidine group was 24.12
* 2.22 years versus 24.20 + 2.17 years in the fen-
tanyl group. Both groups were comparable in age.
The mean weight of patients in the groups was
75.31 +9.30 kg for dexmedetomidine and 75.80 *
9.56 kg for the fentanyl group (Table 1).

Table 1: Age and height characteristics of patients in both
groups (n = 240)

Dexmedetomidine

group Fentanyl group

Variable

(n = 120) (n=120)
Mean age (years) 241 £2.22 24.2 217
Mean weight (kg) 75.3+9.30 75.8 +9.56

When the primary outcome variables were seen,
the time on onset for a sensory block in the dex-
medetomidine group was delayed compared to
the fentanyl group (4.35 * 0.14 min and 3.39 *
0.11 min, respectively), (p < 0.0001). The dura-
tion of the block was longer for the dexmedeto-
midine group with a mean time of 327.26 + 12.60
min versus 243.3 = 22.75 min (p < 0.0001). When
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ered as a successful block and the surgery was
then continued. The total duration of the block
was calculated once the sensory level was at S1
dermatome and Bromage score of 0. Bradycardia
was defined as a heart rate of < 60 beats per min-
ute!! and hypotension as mean arterial pressure
(MAP) < 50 mm Hg'? and was treated with 5 mg
ephedrine and 600 mcg of glycopyrrolate when
needed.

Primary variables measured were: time to com-
plete sensory and motor block with total dura-
tion of the block, time to first rescue analgesia af-
ter block regression in the post anaesthesia care
unit (PACU) and mean PACU stay as secondary
variables. Adverse effects observed were hypo-
tension, nausea, vomiting and shivering. Demo-
graphic data were statistically described in terms
of mean # standard deviation (SD), frequencies
and percentages when appropriate. A p-value of
< 0.05 was considered statistically significant.
All statistical calculations were performed using
SPSS 26.0.

comparing the motor blockade, the time of onset
to successfully reach Bromage score 3 was simi-
larly delayed in the dexmedetomidine group with
a mean time of onset of 3.33 * 0.12 min versus
2.36 = 0.09 min (p < 0.0001). A similar trend was
seen in the duration of the block with a mean time
of 262.17 £ 13.31 min versus 203.34 + 1.47 min (p
< 0.0001) in the dexmedetomidine and fentanyl
group, respectively (Table 2).

Time to first rescue analgesia after cessation of
sensory block in both groups showed that the
mean time for patients requiring iv analgesia was
274.7 £ 12.92 min in the dexmedetomidine group
versus 243.49 * 2.64 min in the fentanyl group
(p < 0.0001). The mean length of PACU stay was
comparable between both groups (p = 0.806).

When talking about the adverse effect profile be-
tween both the groups, the frequency of hypoten-
sion was 21 (17.5 %) patients in the dexmedeto-
midine group versus 28 (23.3 %) in the fentanyl
group. Six (5.0 %) patients had nausea and vom-
iting in both the dexmedetomidine group and the
fentanyl group, respectively. There was no inci-
dence of shivering and respiratory depression in
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Table 2: Comparison of block onset, block regression and rescue analgesia (n = 240)

Dexmedetomidine

Fentanyl group

Variable (n9£01"2l)0) (n = 120) p-value
Sensory block
Mean time for onset of block (T6) (min) 435+0.14 3.39+0.11 < 0.0001
Mean time for block regression (S1) (min) 327.26 = 12.60 2433 £22.75 < 0.0001
Motor block
Mean time for onset of block (Bromage: 3) (min) 3.33+£0.12 2.36 £0.09 <0.0001
Mean time for block regression (Bromage: 0) (min) 26217 +13.31 203.34 = 11.47 <0.0001
Mean time to first dose rescue analgesia (min) 274.7 £12.92 243.49 + 2.64 <0.0001
Mean PACU stay (h) 510+0.25 511+0.24 0.8060

PACU: post anaesthesia care unit; Bromage: Bromage score;

Table 3: Incidence of side effects between groups (n = 240)

Dexmedetomidine

group Fentanyl group

Variable

(n = 120) (n=120)
Hypotension 21 (17.5 %) 28 (23.3 %)
Nausea/vomiting 6 (5.0 %) 6 (5.0 %)
Shivering 0(0.0 %) 9 (7.5 %)
Respiratory depression 0(0.0 %) 14 (11.7 %)

the dexmedetomidine group, however, nine (7.5 %)
of patients exhibited shivering and 14 (11.7 %) pa-
tients had an episode of respiratory depression
after the procedure (Table 3).

Discussion

Even though many studies have been done on
adjuvants and their role in spinal anaesthesia,
the role of adjuvants in the new formulation of
levobupivacaine has not been studied, especially
in presented demographic area and setups. Since
levobupivacaine is a relatively new formulation
associated with less cardiotoxicity and prolonged
duration of action, it is preferable over precious
regimes due to good patient safety and satisfac-
tion.

Dexmedetomidine is a selective 2 agonist!® and
its effects on the spinal cord via subarachnoid ad-
ministration are explained by stimulation of a2
receptors at the substantia gelatinosa of the dor-
sal horn leading to inhibition of the release of sub-
stance P.'* The spinal mechanism is principal for
the analgesic effects of dexmedetomidine even

though there is evidence for both supraspinal
and peripheral sites of action. Fentanyl is a pure y
receptor agonist and exerts its effects by binding
to opioid receptors at the spinal cord level as well
as para-spinal when absorbed.’ Studies carried
out by Khosravi et al'® and Davis et al*’ concluded
that dexmedetomidine was a better alternative
to fentanyl when it came to the duration of the
blockade and haemodynamic stability. However,
when talking about the onset of the block, fentan-
yl was better at the initial onset for both sensory
and motor blockade. This was confirmed by stud-
ies carried out by Hamed et al.'®

When talking about mean PACU stay due to pain,
there was no difference in the length of stay, how-
ever, the patient required more rescue iv analge-
sia in the PACU in the fentanyl group. This was
also observed in a study carried out by Sun et al.*

A study carried out by Liu et al?® also confirmed
that dexmedetomidine was better at preventing
shivering than other adjuncts. This effect was
seen in presented study where no patients ex-
hibited the adverse effect when administered
with the drug as an adjunct. When assessing the
degree of respiratory depression, fentanyl was
observed to cause more respiratory depression
than its counterpart. This is closely related to its
spinal depressing effects as discussed above.

The limitations are that the study is single-centre
only. A multi-centre study would result in a wid-
er demographic area with more confirmative re-
sults. This study doesn’t consider high-risk ASA
[l and IV cases.
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Conclusion

s R\
Dexmedetomidine offers advantages over fen-
tanyl as an adjunct to spinal anaesthesia with
longer block duration and less adverse effects
profile. It is recommended to use dexmedeto-
midine its better safety profile, longer dura-
tion and better hemodynamic stability. Fen-
tanyl should be reserved when the early onset
of the block is required in emergency cases.
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Abstract

Onychomycosis, commonly referred to as nail fungus, is a persistent
and difficult-to-treat condition that affects both toes and fingernails. Even
though traditional treatments such as antifungal medications and topical
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Introduction

Onychomycosis, often known as a fungal infec-
tion of the nail, accounts for over half of all nail
illnesses. Its frequency is estimated to be around
5.5 %.! The elderly (those over the age of 65),
those with diabetes, people with impaired im-
mune systems (particularly those with HIV) and
sportsmen are more at risk for developing ony-
chomycosis.? Both environmental variables and
autosomal inheritance (HLA-DR8) have a role in
the prevalence of onychomycosis in families. The
first toenail is the most common nail on which
onychomycosis manifests, yet it can affect any
nail. It can spread to the skin around it, although
systemic effects are extremely rare. Toenail fun-

gus infections are often minor and easy to treat.
Nails infected with fungus may change colour,
become thick, brittle, or crack.

Depending on the clinical subtype, many factors
contribute to developing onychomycosis. The
most frequent kind of onychomycosis, known as
distal lateral subungual onychomycosis, involves
the migration of fungus from the plantar surface
to the nail bed through the hyponychium. Distal
lateral subungual onychomycosis manifests itself
clinically by inflammation of the nail apparatus.*
* On the other hand, white superficial onychomy-
cosis is a less common presentation produced by
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the invasion of the nail plate’s surface.> ® Fungi
infiltrate the nail matrix through the proximal
nail fold and populate the deep section of the
proximal nail plate in the rare condition known
as proximal subungual onychomycosis.” 8 “End-
onyx” onychomycosis is a kind of distal lateral
subungual onychomycosis in which the fungus
infects the nail via the epidermis and enters the
nail plate.” ' Onychomycosis that affects the en-
tire nail bed is called total dystrophic onycho-
mycosis. Candida invasion of the nails is uncom-
mon because the yeast requires a compromised
immune response as a predisposing factor to get
under the nail plate. Candida is only a secondary
coloniser in individuals with chronic paronychia
or onycholysis, although it is frequently isolated
from the proximal nail fold or the subungual re-
gion of these patients.

Nail as a barrier to drug
permeation

Mammal claws and nails are epidermal deriva-
tives that serve as armour for the digits and toes
and as implements and weapons. About 25 layers
of dead, keratinised, flattened cells make up the
nail plate, which is thin (0.25 mm - 0.6 mm for
fingernails and up to 1.3 mm for toes), rigid, but
somewhat elastic, transparent, convex in shape
and protected by a nail bed.!’ Cell structures
called desmosomes, randomly distributed on the
lateral surfaces of plasma membranes and spe-
cialised for cell-to-cell adhesion are responsible
for the strong bonds between these cells.!? Com-
pared to the epidermis, the permeability param-
eters of the human nail plate are substantially
different because of the nail plate’s unique phys-
icochemical attributes.!® Nail plate behaviour is
comparable to that of a hydrogel with high ion-
ic strength and the structure of human nails has
been compared to a hydrophilic gel membrane,
while the SC acts as a lipid barrier to the absorp-
tion of low molecular weight substances.* The
nail, which has a lipid content of just 0.1 %, loses
water faster than the lipid-rich epidermis around
it. Hydrophobic chemicals have been proven to
permeate into and through the nail despite its
purported hydrophilic characteristics.!® For in-
stance, long-chain alcohols can penetrate the nail
through a lipid pathway, as described by Walters
and colleagues.®
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Increasing penetration is crucial for the success
of transungual medications. To do this, the nail
plate might be damaged mechanically or chemi-
cally. Iontophoresis and drug formulations inside
vehicles that provide high drug partition into the
nail plate are two further options for increas-
ing medication penetration into the intact nail
plate.l”-18

Current therapeutic options for
treatment

The severity, number of nails damaged and kind
of onychomycosis present all play a role in deter-
mining the best course of treatment.!*?° Proximal
subungual onychomycosis, as well as distal later-
al subungual onychomycosis affecting the lunula
area, invariably necessitate systemic therapy.
It is possible to use topical medication to treat
white superficial onychomycosis and distal lat-
eral subungual onychomycosis that is confined
to the distal nail. The success rate of therapy ris-
es when systemic and local approaches are used
together. Lasers and photodynamic therapy are
promising future therapeutic options.?! ?? Figure
1 describes the common ways for the treatment
of nail psoriasis.

Topical medications should only be used when
the affected area is less than half of the distal
nail plate or when the patient cannot tolerate
systemic therapy. Nail treatments like ciclopirox-
olamine 8 % and efinaconazole 10 % are com-
mercially available in the USA. Topical therapies
often fall short when it comes to onychomycosis
since they cannot get deep enough under the nail
plate to do the trick. Both ciclopirox and amorol-
fine solutions are said to be able to permeate all
layers of the nail but only work somewhat when
applied alone.?® They could help prevent relapse
in individuals treated with systemic medicines
or as an adjuvant to oral therapy. Efinaconazole
and ciclopirox require daily application and are
used for an extended period (48 weeks) to be ef-
fective.?*2° Toenail onychomycosis treatment has
been effective with efinaconazole.?® Efinacon-
azole was associated with considerably higher
mycologic cure rates than the drug vehicle.?”28

When used topically, tavaborole (aboron-con-
taining antifungal) is effective against Trichophy-
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( )
Figure 1: Common ways for the
treatment of nail psoriasis k Y,

ton rubrum and Trichophyton mentagrophytes, the
causative agents of toenail onychomycosis.?’ It
was accepted after 1194 participants in two ran-
domised, double-blind, placebo-controlled stud-
ies at many locations. Complete remission was
observedin 6.5 % and 9.1 % of tavaborole-treated
patients after 48 weeks of therapy, compared to
0.5 % and 1.5 %, respectively, of patients treated
with the vehicle alone.*° Effective treatment for
onychomycosis has been found with fluconazole,
150-450 mg once weekly for adults; this may
be especially helpful for patients with complex
prescription regimens.?" 32 However, contrasting
once-weekly fluconazole with itraconazole and
terbinafine has not shown comparable efficacy or
cost-effectiveness.?*3*

Onychomycosis can be treated with griseofulvin.
Low-quality evidence suggests that terbinafine
is more effective than griseofulvin for these end-
points, while moderate-quality evidence suggests
that azoles are just as effective as griseofulvin.3®
[t is important to note that albaconazole, a broad
range of oral antifungal medication, is not cur-
rently available on the market. Albaconazole may
be a potential therapy option for onychomycosis
since it was reported to be more effective than a
placebo in a phase Il randomised study for distal
subungual onychomycosis.*® As an example of a
new generation (tetrazole antifungal) agent, VT-
1161 inhibits lanosterol 14-alpha demethylase
(CYP 51), which has the potential to be effective
in the treatment of onychomycosis.?’

Uncontrolled trials showing clinical improvement
in a percentage of patients are largely the only
evidence supporting the benefit of laser devices.
Treatment with a dual-wavelength near-infra-
red diode laser for onychomycosis showed posi-
tive results in a small, randomised experiment.3®
Results from randomised controlled studies of
Nd:YAG lasers for onychomycosis have been dis-
appointing. After three months, there was no
statistically significant difference between the
groups in terms of the proportion of patients who
had a mycologic clearance of all affected nails
in a randomised trial in which 27 patients with
onychomycosis involving 125 nails were ran-
domly assigned to two treatments with 1064 nm
Nd:YAG laser (17 patients) or no treatment (10 pa-
tients).3% 40

Several mechanisms of action have been pro-
posed for laser therapy for onychomycosis. These
include direct fungicidal effects, inhibition of
fungus by laser-induced changes in the tissue
environment and laser-induced immunologic
effects.”? Patients who do not respond to phar-
macological treatment alone may have surgical
excision of the nail (nail avulsion).*? The use of
iontophoretic drug delivery, in which a mild elec-
trical current is applied to a topical medicament
to increase its absorption, shows promise for en-
hancing the efficacy of topical antifungal thera-
py.*** Combination therapy appears to enhance
the chance for new healthy nail development in
a small, unblinded, randomised study comparing
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the treatment of toenail onychomycosis with top-
ical terbinafine and iontophoresis with the sole
topical terbinafine.*

Natural remedies

Natural products have been proven to be benefi-
cial in various other diseases for ages. Due to the
poor permeation characteristic of topical prod-
ucts and poor oral bioavailability of antifungal
drugs, there has been a steep rise in interest in
natural remedies for the treatment of onychomy-
cosis. Based on data available through various
sources the following products were found to
possess anti-onychomycosis activity.

Tea tree oil

Before modern antimicrobials were developed,
essential oils were often used. Tea tree oil has
been shown to have beneficial effects against
bacteria, fungi, viruses and inflammation.*¢ ¥
Tea tree oil has been found in many trials to have
antifungal effects.*® For the most part, studies
including tea tree oil have concentrated on its
potential to cure Candida infections.***° Tea tree
oil has also been demonstrated to be an effective
therapy for dermatitis, ringworm (T equinum)
and stomatitis, according to studies.> 2

Essential oils have also improved the skin’s abili-
ty to absorb and hold onto medications.* * Fur-
thermore, this suggests that tea tree oil may be
useful as a delivery vehicle for other antifungal
drugs. Tea tree oil has been proven in many tests
when used with antifungal drugs to have a syner-
gistic impact.”® Tea tree oil is effective against T
rubrum, the most prevalent cause of onychomyco-
sis, in in vitro antifungal assays.*® Misner discov-
ered thata blend of essential oils applied topically
to the feet and containing tea tree oil blocked the
growth of aerobic bacteria, yeast and fungus on
the foot when enclosed in shoes.*” Tea tree oil and
clotrimazole are both used to treat onychomyco-
sis, but Buck and coworkers compared how well
they work. Treatment with clotrimazole resulted
inan 11 % cure rate, whereas treatment with tea
tree oil resulted in an 18 % cure rate in this ran-
domised, controlled study of 117 patients.*®

Flores and colleagues recently assessed the anti-
fungal effectiveness of tea tree oil in an onycho-
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mycosis model. Results showed that T rubrum
growth was inhibited when the oil was encap-
sulated in nanocapsules and then suspended. A
model-based study was performed and it was
found that the diameters of the fungal colony
were 2.88 + 2.08 mm?, 14.59 + 2.01 mm?, 40.98
+ 2.76 mm? and 38.72 + 1.22 mm?. Based on the
data it can be said that oil in nanocapsules was
found to be best for onychomycotitic treatment.*°

Ageratina pichinchensis

Using ciclopirox (8 %) as a positive control, re-
searchers created a standardised 10 % lacquer
with a depigmented extract of the aerial portions
of A pichinchensis and tested it in a randomised,
double-blind clinical trial on patients with cutane-
ous mycosis with less than 50 % fungal infection.
The therapeutic and mycological effectiveness of
the group treated with the standardised extract
was 71.1 % and 59.1 %, respectively, whereas the
control group’s results were 80.9 % and 63.8 %,
respectively, with no adverse effects. Since ence-
calin was the most abundant component, the au-
thors reasoned that it must be responsible for the
desired pharmacological action.®°

Romero-Cerecero et al prepared two types of lac-
quer using either 12.6 % or 16.8 % extracts and
tested them against T mentagrophytes. Patients
with mild and severe onychomycosis, defined as
having between one and ten infected nails, were
followed for six months while receiving one of
these therapies. No fungi were detected in my-
cological microscopic tests and patients treated
with lacquer (16.8 % extract) exhibited a statisti-
cally significant improvement over those treated
with lacquer containing 12.6 % extract.®!

Coniferous resin lacquer

Natural coniferous resin from the Norway spruce
(Picea abies) is highly effective against all derma-
tophytes responsible for onychomycosis in hu-
mans.®* %3 Sipponen et al conducted a study using
natural coniferous resin to treat onychomyco-
sis.®* Thirty-seven people having a clinical diag-
nosis of onychomycosis were included in the re-
search. During the study, all participants applied
a topical resin lacquer treatment once daily. Nail
samples were processed at the start and finish of
the investigation using a mycological culture and
a potassium hydroxide (KOH) stain. Twenty pa-
tients with positive mycological cultures or KOH
stains for dermatophytes at study enrolment.
Only 6 patients had positive results towards the
end of the research. There was a clinical success
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with resin lacquer therapy, as reported by 14
patients who followed all instructions. There is
some proof that the natural coniferous resin used
topically for onychomycosis works clinically, as
shown by the findings. Although this is only pre-
liminary observational research, it does provide
some evidence that coniferous resin applied top-
ically over an extended period (30 days) in the
form of lacquer at a concentration of 30 % may
aid in the healing of onychomycosis.®> ¢

Novel treatment options

Emulsions

An emulsion is a mixture of two or more liquids
normally immiscible (unmixable or unblendable)
owing to liquid-liquid phase separation. Emul-
sions may be made using a variety of liquids, al-
though water and oil are the most frequent. How-
ever, nanoemulsions are granted kinetic stability
due to the lower attraction between the small-
sized droplets, which prevents the droplets from
gravitationally separating and aggregating.®’ In
contrast to microemulsions, nanoemulsions are
not sensitive to changes in physical and chemical
conditions like temperature and pH. They can be
prepared using a lesser quantity of surfactants.
The optical quality and stability of a nanoemul-
sion are not the only concerns affected by the
droplet size; the nanoemulsion’s rheological and
release behaviour are, too. Therefore, nanoemul-
sions are superior to microemulsions in several
settings.%®

An additional non-invasive local treatment for
onychomycosis is photodynamic therapy (PDT).
Photosensitiser drugs are used in PDT and these
medications must be “photoactivated” by certain
wavelengths of light. Also, PDT does not cause
any systemic negative effects and may be used
repeatedly without developing resistance in the
fungus.®® There have been many published clini-
cal trials using PDT to treat onychomycosis. Alu-
minium chloride phthalocyanine nanoemulsions
were used by Morgado et al for the treatment of
onychomycosis. This combination of photosen-
sitiser and nanoemulsion known as a third-gen-
eration photosensitiser. This generation of pho-
tosensitisers offers several benefits over earlier
generations, including photoactivation at longer
wavelengths, which makes it possible to treat
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deeper nail layers, ease of distribution through-
out the nail and skin and absence of staining due
to methylene blue.”® 7!

Emulsions are often stabilised by surfactants.”?
Pickering emulsions are particle-stabilised emul-
sions that provide various benefits over tradition-
al emulsions.”®”* Due to the increased adsorption
energy of solid particles compared to surfactants
at oil-water interfaces,’® this adsorption can be
deemed irreversible, allowing Pickering emul-
sions to be as stable as traditional emulsions. The
size of emulsion droplets is also a crucial factor
in developing and administering emulsion-based
pharmaceuticals and medical treatments. On
this basis, Horvath et al created tea tree essen-
tial oil-based Pickering emulsions.”® In vitro stud-
ies showed that Pickering emulsion formulation
showed better drug permeation in agar gel mem-
branes. The Pickering emulsion with the smallest
droplet size of about 1.85 pm could deliver 89.9 %
of actives through the agar membrane.””

Agrawal et al formulated a microemulsion based
on efinaconazole for the transungual route to
treat onychomycosis. The microemulsion formu-
lations of efinaconazole showed enhanced pene-
tration compared to the reference formulation in
ex vivo permeation and nail clipping experiments
without noting any delay in drug release from the
nail plate. Microemulsion formulations showed
higher antifungal efficacy than the reference for-
mulation in an in vitro examination of three fun-
gal species (Trichophytonrubrum, Trichophyton-
mentagrophytes and yeast Candida albicans).”®

Pal et al developed a microemulsion-containing
gel using benzyl alcohol and isopropyl myristate
was added as an oil, Pluronic F68 as a surfactant
and ethanol as a co-surfactant, in double-distilled
water and loading itraconazole as the model anti-
fungal drug for the treatment of onychomycosis.
Because of itraconazole hydrophobicity, it pre-
fers to stay in an intermediate location, ie at the
palisade layer inside the surfactant molecules of
the microemulsion structure, rather than in the
oil phase or the aqueous phase. Keratolytic in-
gredients such as salicylic acid, which regulates
the formulation’s pH and urea are thought to im-
prove the nail’s ability to retain water significant-
ly.”® Nails, it is thought, respond well to water as
a plasticiser. The rate at which molecules can dif-
fuse through the nail plate grows in tandem with
the nail’s moisture content. The formulation’s pH,
the molecular weight of the penetration molecule,
etc are all crucial considerations.®°
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Hydrogels

Hydrogels are a three-dimensional polymer
matrix that swells when exposed to the water
phase. They have been reported in various ap-
plications such as wound healing, drug delivery,
imaging, etc.?! 82 Kesharwani et al developed an
itraconazole and difluorinated-curcumin-based
nanoparticle entrapped hydrogel system to treat
onychomycosis. The drugs were loaded into
chitosan nanoparticles using the ionic gelation
method and they were dispersed in Carbopol
940-based hydrogels. The hydrogels provide a
good residence time in the fungal-affected region.
As a result, this increases the permeation due to
hydration, enhances drug delivery and reduces
the burden of higher drug dosing. In vitro data
showed a significant decrease in the colony-form-
ing units compared to free drug molecules ap-
plied. This can be due to nano-sized formulation,
which causes the slow release of drugs but at a
steady rate from the polymer matrix.%?

Amra et al developed a ketoconazole-based mi-
croemulsion loaded in hydrogel using nigella oil
as a permeation enhancer and various polymers
such as HPMC K100, HPMC K4M, HPMC K100M,
Carbopol 971, Carbopol 974, Carbopol 980, xan-
than gum, sodium alginate and sodium CMC.%*
The optimised formulation containing alginate
and HPMC (1:1), was further evaluated for drug
release study. A sustained-release formulation is
favoured over the currently available cream for
treating fungal infections since it requires fewer
applications.®®

Nanoparticles and nanocapsules

Gaballah et al developed nanocapsules to deliv-
er ciclopirox using Poly lactide-co-glycolide via
nanoprecipitation technique and to incorporate
them into hydroxypropyl chitosan-based nail lac-
quer.2® The placebo lacquer exhibited antifungal
activity and a zone of inhibition at 15.80 + 0.14
mm, while medicated nail lacquer showed a sig-
nificantly higher zone of inhibition of a mean di-
ameter of 62.60 + 13.32 mm.%’

Nail polishes with water-soluble film-forming
agents solve the issues with water-insoluble nail
varnishes by ensuring strong adhesion to the
nail and facilitating the partition and/or release
of the active substance to the nail. Penetration
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enhancers containing vesicles (PEVs) have been
reported to have a good permeation effect on the
skin barrier. PEVs are quite similar to liposomes
but are distinguished by possessing many perme-
ation enhancers, such as oleic acid, labrasol and
transcutol. Bseiso et al developed PEVs of sert-
aconazole skin fungal disease treatment.?® The
same authors later developed PEVs, including nail
permeation enhancers such as N-acetyl-L-cyste-
ine, thioglycolic acid, thiourea and ethanol and
sertaconazole as a model drug for the onychomy-
cosis treatment. Microbial testing showed a zone
of inhibition for control formulation of 5.3 + 0.58
mm due to the presence of permeation enhancers
such as cysteine and its derivative. The formu-
lation showed (20.9 * 0.25 mm) a significant in-
crease in the zone of inhibition compared to the
model (11.6 * 0.44 mm). This was primarily due
to the synergistic effect of sertaconazole and per-
meation enhancers.®’

Vesicular drug delivery systems or carriers

Researchers proposed several liposomal-based
formulations for treating onychomycosis, in-
cluding those loaded with terbinafine as a mod-
el drug. Phospholipon 90 G and Lipoid S 100, as
phospholipids for the liposomal layer and pullu-
lan and Eudragit 100, as plasticisers for the lipo-
somes, were used in the preparation of the newly
acquired film formulations. The liposomes were
dispersed in a gel to facilitate their use on fin-
gernails. The proportion of medication released
in vitro from liposome-loaded films ranged from
46.0 to 71.6 %. Nail plate accumulation of the var-
ious film formulations was within the therapeu-
tic range, measuring between 8.17 to 31.16. As
observed previously, all nail thicknesses dropped
after the experiments due to the experimental
settings. The transonychial water loss (TOWL)
of nails was measured to demonstrate the nail
plate’s efflux of water. The nail plate expands
when submerged in water because it acts like a
hydrophilic gel membrane. Swelling causes the
intercellular spaces between keratin structures
to enlarge, allowing more water to permeate
through them. The swelling was present through-
out the experiment, the TOWL of the nails rose
in each casen.”® Similar results were reported by
Shah et al, they also formulated the based lipo-
somes of terbinafine HCl using a quality by design
(QbD) approach and reported similar outcomes.’
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Novel and investigational
treatments for onychomycosis

ME1111

Meiji Seika Pharma Co, Ltd (Tokyo, Japan) recently
discovered ME1111 [2-(3,5-dimethyl-1H-pyra-
zol-1-yl)-5-methylphenol], a new agent with po-
tent in vitro antifungal activity against derma-
tophytes like T rubrum and T mentagrophytes,
which are common etiologic agents of onychomy-
cosis.”? It has been suggested that a compound’s
molecular weight plays a crucial role in its ca-
pacity to penetrate nails.’* ME1111’s molecular
weight of 202.25 makes it easily able to pierce
human nails. The prior in vitro experiments
showed that ME1111 penetrates nails more deep-
ly than ciclopirox (the active ingredient in Penlac
nail lacquer).®**> There was no safety problems
found in GLP-compliant general toxicity studies,
including ME1111. These investigations includ-
ed repeated-dose toxicity, safety pharmacology
and genotoxicity. It was found that the succinate
dehydrogenase (complex II) of the mitochondrial
electron transport system is the molecular target
of the new antifungal drug ME1111.°%°7 Missense
mutations in the genes encoding SdhB, SdhC and
SdhD were found in ME1111-resistant T mentag-
rophytes mutants produced in vitro. Cross-resis-
tance to carboxin and boscalid, which have been
reported to bind to the ubiquinone-binding re-

Clinical trials

An extensive literature search has revealed
the completion of 31 interventional clinical
trials related to onychomycosis. The findings
of these trials provide valuable insight into
the current state of knowledge surrounding

Table 1: Summary of interventional clinical trials on onychomycosis

gion surrounded by SdhB, SdhC and SdhD, was
observed for most ME1111l-resistant mutants.
These data point to ME1111’s binding site being
the same as or very close to, the ubiquinone-bind-
ing site.”8

NP213

NP213 (Novetexatine) is a topical antifungal med-
ication for onychomycosis. NP213 is a cyclic anti-
microbial peptide that is synthetic, water-soluble
and very efficient in penetrating human nails.”®
NP213 was inspired by HDPs (host-defence pep-
tides). The skin and nails are the primary sites of
HDP expression and production'® and they play
a crucial role in the innate immune response
to infection.!% 192 At concentrations of 4-7 ppm,
NP213 is quickly fungicidal in a water-based
topical formulation and it has shown superior
effectiveness to known antifungal drugs under
in vitro circumstances mimicking those of the
human nail. Unlike the comparative topical ony-
chomycosis treatments ciclopirox and amorolf-
ine, NP213 efficiently eliminated distinct strains
of T rubrum from diseased nails in ex vivo human
nails after just 28 days of daily administration.
Unlike other topical onychomycosis therapeutics,
NP213 can effectively penetrate the human nail
via transungual and subungual routes thanks to
its water-based film-forming vehicle, which elim-
inates the need for penetration enhancers,% 104
optical brighteners!®> 1% and the use of organic
solvents.107 108

the treatment of onychomycosis. To make
this information accessible and easy to un-
derstand, the details of these trials have been
summarised and presented in Table 1.

NCT number Interventions Study size Phase

NCT01278394 Drug: AN2690 solution, 5.0 % 29 Phase 2

NCT00791219 Drug: SUBA-itraconazole, itraconazole, placebo 175 Phase 2
Device: resin lacquer

NCT01851590 129 Phase 4
Drug: amorolfine, terbinafine

NCT03168841 Drug: Efinaconazole topical 40 Phase 3
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NCT02812771 Drug: Efinaconazole 62 Phase 4
NCT02588599 Device: Erchonia LUNULA 54 Not applicable
NCT00730405 Drug: albaconazole 100 mg, albaconazole 200 mg, albaconazole 400 mg, placebo 400 mg 584 Phase 2
NCT01666002 Device: laser treatment (pulsed Nd:YAG 1064 nm laser) 27 Not applicable
NCT02267356 Drug: VT-1161, placebo 259 Phase 2
NCT00871728 Drug: itraconazole 132 Phase 4
NCT00356915 Drug: itraconazole 100 mg capsules, itraconazole 200 mg tablets, placebo tablets 1381 Phase 3
Drug: Efinaconazole 10 % topical application solution [JUBLIA]
NCT03110029 13 Phase 4
Other: application of nail polish
NCT03216200 Device: plasma treatment 5 Not applicable
NCT00459537 Drug: terbinafine hydrogen chloride, amorolfine nail lacquer 1029 Phase 3
NCT01302119 Drug: AN2690 topical solution, 5 %, solution vehicle 604 Phase 3
NCT01270971 Drug: AN2690 topical solution, 5 %, solution vehicle 594 Phase 3
NCT00491764 Drug: SCH 56592, terbinafine, placebo 218 Phase 2
NCT03072550 Device: RenewalNail™ plasma treatment system 26 Not applicable
NCT00935649 Device: PinPointeFootLaser 134 Phase 2/3
NCT02933879 Drug: NVXT topical, placebo (vehicle) topical 184 Phase 2
NCT02798380 Drug: HTS-519 insert 30 Phase 2
NCT02242019 Device: erchonia LUNULA 109 Not applicable
NCT01534689 Device: erchonia FX-405™ laser 105 Not applicable
NCT00443898 Drug: terbinafine, placebo 518 Phase 3
NCT00443820 Drug: terbinafine, placebo 526 Phase 3
NCT03405818 Drug: tavaborole 5 % topical solution 55 Phase 4
NCT03098615 Drug: Jublia (efinaconazole 10 % topical solution) 19 Phase 4
NCT02343627 Drug: NVXT solution, vehicle of the test product 47 Phase 2
NCT02679911 Drug: loceryl NL, ciclopirox NL 20 Phase 4
NCT02714504 Drug: voriconazole or posaconazole 239 Not applicable
NCT02321098 Drug: loceryl NL + cosmetic varnish, loceryl NL 12 weeks, loceryl NL 15 months 50 Phase 4
Conclusion
s N

Nail fungus is a complicated and long-lasting
medical illness and this study has summarised
the current therapy options for onychomyco-
sis. Although antifungal drugs and topical oint-
ments are the mainstays of traditional therapy,
they can have certain side effects. There has to
be a change in treatment approaches because
of the serious side effects and high recurrence
rates of these current options. As part of a
larger movement in medicine towards more

integrative and patient-centred methods, they

include novel pharmaceutical formulations
and natural cures. The rising desire for thera-
pies that are effective, safe and tolerated over
the long term is reflected in the popularity of
these options. Additional clinical studies and
research are needed to confirm the effective-
ness of alternative therapies, but some show
promise. There is hope for the future of ony-
chomycosis therapy in the scientific commu-
nity. New insights into the pathophysiology of
the illness, together with developments in me-




B Chopra et al. Scr Med. 2024 May-Jun;55(3):343-55.

dicinal research and pharmaceutical develop-
ment, have the potential to completely alter
current approaches to therapy. Reducing the
burden of side effects and recurrence, per-
sonalised medicine and targeted treatments
have the potential to deliver more effective
and individualised treatment alternatives. To
sum up, onychomycosis therapy has come a
long way, but there's still a long way to go. The
existing limits must be overcame via ongo-
ing research and innovation so that patients
may have access to safer, more effective and
more personalised treatment alternatives in
the future. Both academics and healthcare
providers face new obstacles in the treatment
of onychomycosis, but patients with this per-
sistent and agonising ailment have reason to
be hopeful about the future.
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Introduction

Blockchain technology is a decentralised, imper-  rencies like Bitcoin, this technology offers a wide
meable digital ledger system. It is made up of a  range of applications in fields outside of finance,
number of interconnected blocks, each contain-  including voting, supply chain management and
ing a number of transactions. Since data cannot healthcare. It offers trust, immutability and ac-
be modified after it has been recorded in a block,  countability in data management, making it a dis-
transparency and security are ensured. Block-  ruptive force in industries seeking transparency,
chain is maintained by a network of computers traceability and increased efficiency.

as opposed to a single authority because it is

distributed. In addition to enabling cryptocur-  Blockchain technology has a lot of potential ap-
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plications in the pharmaceutical sector, such as
improving transparency, security and traceabil-
ity across the whole supply chain. However, there
are some challenges to overcome, such as regu-
latory constraints, interoperability issues and
the need for sector-wide standards. However,
as technology advances, it may totally alter how
pharmaceuticals are manufactured, distributed
and treated, which would benefit all stakeholders
and increase patient safety:.

Blockchain technology has the potential to rev-
olutionise several industries, including pharma-
ceuticals. Blockchain technology has the potential
to have a significant impact on the pharmaceuti-
cal industry.

This study investigated the integration of smart
contracts and decentralised apps as potential
future possibilities, emphasising their ability
to automate crucial operations and strengthen
pharmaceutical product integrity, based on the
recently published articles in PubMed between
2015 to 2023 with “pharmacology” and “block-
chain” as search keywords.

Increased transparency in
the pharmaceutical industry
through blockchain technology

Transparency is a cornerstone of trust and integ-
rity in any industry, but it is especially important
in the pharmaceutical industry, since the quality
and legitimacy of medicines directly touch human
lives. Blockchain technology offers a game-chang-
ing alternative for increasing openness through-
out the pharmaceutical supply chain.

As blockchain technology advances and more
firms realise its promise, the manufacture, distri-
bution and consumption of medications may be
transformed, benefiting patients and stakehold-
ers across the sector. Although blockchain tech-
nology has many benefits for the pharmaceutical
industry, there are still obstacles to application,
such as interoperability issues, legal constraints
and the need for broad industry standards.

Pareek et al. Scr Med. 2024 May-Jun;55(3):357-69.

The foundation of transparency:
distributed ledger system

The distributed ledger system! is at the heart
of blockchain's contribution to transparency. A
blockchain ledger is distributed over numerous
nodes or computers, as opposed to traditional
centralised databases, which are vulnerable to
manipulation or have single points of failure. A
network of participants verifies and records each
transaction or record, making it extremely diffi-
cult to alter or tamper with data without the net-
work's consensus.

This distributed ledger technology ensures that
every stage of the supply chain, from the initial
acquisition of raw materials to the final delivery
of medicines to patients, is properly recorded and
made accessible to all important players in the
pharmaceutical business.

This indicates that manufacturers, regulators,
distributors, healthcare providers and even pa-
tients can track the journey of a pharmaceutical
product with complete confidence in the accura-
cy and integrity of the information.

Tracking and verifying the
supply chain

The ability of blockchain to offer end-to-end trace-
ability is one of the most significant applications
of blockchain in the pharmaceutical sector. Each
batch of medication can be branded with a digital
signature that records critical information such
as the origin of raw materials, the production pro-
cess, quality control checks and distribution paths
using unique identifiers and smart contracts. This
data is added to the blockchain in a sequential and
unchangeable manner.

As a result, each stakeholder in the pharmaceuti-
cal supply chain can now obtain a detailed record
of a product's journey. A pharmacist, for example,
can scan a QR code on pharmaceutical packaging
to instantaneously retrieve a complete history of
the drug's creation and distribution. This trans-
parency not only strengthens confidence in the au-
thenticity of the product but also allows for quick
action in the event of a recall or quality concerns.
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Strengthening regulatory
compliance

The pharmaceutical sector relies heavily on reg-
ulatory compliance.? To assure the safety and ef-
ficacy of their products, businesses must follow a
plethora of regulations and standards. Blockchain
technology has the potential to help streamline
and improve compliance processes.

Smart contracts, a blockchain feature, can auto-
mate compliance and regulatory processes. When
certain circumstances are met, these contracts
carry out predetermined activities. For example,
if a batch of medication fulfils all quality control
norms, the smart contract can immediately acti-
vate distribution clearance.

This automation not only decreases the admin-
istrative load for pharmaceutical businesses, but
it also reduces the possibility of human error or
supervision. Furthermore, it gives authorities
real-time access to compliance data, allowing for
more efficient oversight and faster response to
deviations from industry standards.

Facilitating trust in clinical trials

Clinical trials are the foundation of drug devel-
opment, providing the evidence required to show
the safety and efficacy of a new medicine. Trans-
parency and data integrity in clinical trials, on the
other hand, have been issues of concern. Block-
chain technology has the ability to completely
transform this crucial stage of drug development.

Every step of a clinical trial can be recorded in a
secure and transparent manner using blockchain.
This includes recruiting participants, collecting
data and analysing it. The immutability of block-
chain means that trial data is unmodified and can
be independently validated, building trust in the
results' integrity (Figure 1).

Furthermore, blockchain can facilitate safe data
sharing and collaboration among trial stakehold-
ers such as researchers, ethics committees and
regulatory authorities. This not only speed up the
trial process but also makes sure that the highest
ethical and scientific standards are a guarantee.
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Figure 1: Flowchart for clinical trials security and transparency
using blockchain

Enhanced security through
blockchain technology

In an era of increased digitisation and inter-
connection, security has become a top priority,
particularly in businesses where lives are on the
line, such as medicines. Blockchain technology
takes a fresh approach to data protection by em-
ploying cryptographic techniques and a distrib-
uted ledger system (Figure 2).
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Cryptographic Hashing

e Data is converted into a fixed-length string
using a cryptographic hash.
e Ensures data integrity and immutability.

o

cryption.

Public and Private Keys

e Public key is used for encryption and shared.
e Private key is kept secret and used for de-

e Enables secure communication.

Digital Signatures

Message is signed with a private key.
Anyone with the public key can verify the sig-
nature.

Ensures authenticity and integrity of data.

ble-spending.

Consensus Mechanisms

e Proof of Work (PoW) or Proof of Stake (PoS).
e Validate transactions and prevent dou-

e Secure consensus algorithm.

Access Control

Permissions and roles defined for accessing
data and smart contracts.

Multisig wallets for transaction approval.
Prevents unauthorised access or modification
of data.

Encrypted Transactions

e Data is encrypted before transmission.
e Only the recipient with the private key can de-
crypt and access data.

Privacy Coins (Optional)

e Specialised coins designed for enhanced pri-
vacy.

e Utilise advanced cryptographic techniques.

o

ronments.

Permissioned Blockchains
e Limited access to participants.
e Regulatory compliance and controlled envi-

e Enhanced privacy and security.

N
....................... .
....................... @
....................... .
....................... .

) Figure 2: A flowchart about how

security and privacy is ensured on

J blockchain

Cryptographic techniques:
the backbone of security

The effectiveness of cryptographic algorithms
underpins blockchain security.* When data is re-

corded on a blockchain, it is encrypted and linked
to previous blocks using a complicated mathe-
matical method. This technique generates a chain
of blocks, each with an unique identity, making
data modification or tampering extremely diffi-
cult.
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A bad actor would need to not only change the
data in a single block, but also recalculate the
cryptographic puzzle for all following blocks
in the chain, to change information on a block-
chain. This would necessitate processing power
well beyond the capabilities of even the most so-
phisticated supercomputers. Furthermore, since
blockchain is decentralised, obtaining a consen-
sus among all stakeholders in the network is nec-
essary for any changes to be made. This cements
the confidence that the integrity of data remains
intact and protected.

Countering counterfeit drugs
and ensuring patient safety

Counterfeit medications are a major hazard to
worldwide public health. They not only endan-
ger patients, but they also undermine trust in the
pharmaceutical sector. The transparency aspect
of blockchain acts as a major deterrent to the de-
velopment and distribution of counterfeit medi-
cations.

Blockchain ensures that every step in the pro-
duction and distribution process is recorded and
verifiable by enabling end-to-end traceability.
This means that a medication's legitimacy may
be verified at any stage along the supply chain. If
a questionable batch is discovered, stakeholders
can immediately track out its source, allowing for
targeted recalls and investigations.

Furthermore, by including unique IDs and digital
signatures, counterfeit pharmaceuticals can be
discovered quickly. These identifiers function as
a digital fingerprint, enabling for instant authen-
tication of a product's legitimacy.* This not only
protects patients, but also builds the reputation
of pharmaceutical firms committed to delivering
high-quality, authentic pharmaceuticals.

Pharmaceutical firms can ensure the legitimacy
and quality of their medicines by protecting the
entire supply chain on a blockchain, from raw
material acquisition through ultimate distribu-
tion. Once a batch of medication is stored on the
blockchain, it is nearly impossible to alter or re-
place it with counterfeit pharmaceuticals with-
out being detected. This sophisticated security
mechanism not only protects patients from po-
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tentially hazardous pharmaceuticals, but it also
protects pharmaceutical businesses' reputation.

Improved efficiency with smart
contracts

Efficiency is important in any industry, but it is
especially important in the pharmaceutical in-
dustry, where quick reaction times and adherence
toregulatory schedules are vital. Smart contracts
(Figure 3), a game-changing tool for increasing
efficiency® are introduced by blockchain.

Automating predefined actions

Smart contracts are contracts that execute them-
selves based on established criteria and situa-
tions. These contracts are defined in code and
execute automatically when certain criteria are
met. Companies may automate a wide range of
procedures in the pharmaceutical supply chain
by adding smart contracts, from payments and
quality checks to regulatory compliance.

For instance, if a batch of medication passes all
quality control checks, the smart contract can
immediately pay the supplier. This eliminates the
need for manual intervention, lowering adminis-
trative costs and the possibility of human error.
Furthermore, smart contracts enable stakehold-
ers to follow progress and respond quickly to any
deviations by providing real-time visibility into
the state of multiple operations.

Challenges and limitations
of implementing blockchain
technology in the industry

The use of blockchain technology into the phar-
maceutical sector holds enormous promise in
terms of better transparency, enhanced security
and increased efficiency. This transformational
potential, however, is not without its problems
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. ) Figure 3: Smart contract workflow

and constraints: the need for standards, data
privacy concerns, regulatory constraints. Under-
standing and addressing these difficulties is crit-
ical to realising blockchain’s full promise for the
industry’s and ultimately, patients’ well-being.

Need for standardisation

The requirement for standardisation is one of the
key hurdles in using blockchain technology in the
pharmaceutical sector. The sector operates in a
complex ecosystem that includes multiple players
like as manufacturers, distributors, regulators
and healthcare providers. Each of these entities
may have its own set of systems, processes and
protocols. A standardised approach that enables
interoperability and easy communication be-
tween these numerous participants is required
for blockchain to be properly implemented.®

The full benefits of blockchain, such as end-to-end
traceability and real-time information sharing,
may remain elusive in the absence of a uniform
framework. Furthermore, the lack of standards

may result in fragmented and disjointed block-
chain deployments, limiting the technology’s
scalability and overall influence.

Furthermore, standardisation necessitates col-
laborative efforts from industry leaders, regula-
tory organisations and technological specialists.
Collaboration and consensus-building among
stakeholders are essential for developing a co-
herent framework that can be universally imple-
mented throughout the pharmaceutical supply
chain.

Data privacy concerns

Data privacy is a top priority in any company, but
it is especially important in healthcare and phar-
maceuticals, where sensitive patient information
is at stake. The intrinsic openness and immuta-
bility of blockchain may collide with stringent
data privacy requirements, such as the Health
Insurance Portability and Accountability Act (HI-
PAA) in the United States.’
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While blockchain provides strong security
through cryptographic techniques, maintaining
patient data confidentiality while reaping the
benefits of the technology is a tricky balancing.
Some of these concerns can be addressed by
permissioned blockchains, which limit access to
approved parties. Even with permissioned block-
chains, however, ensuring compliance with exist-
ing data protection rules and regulations is vital.
To address data privacy issues, pharmaceutical
businesses and technology specialists must col-
laborate to create new solutions that protect pa-
tient information while leveraging blockchain’s
disruptive capabilities.

Regulatory barriers

The deployment of blockchain technology in the
pharmaceutical industry faces major regulatory
challenges. The sector is under to rigorous scru-
tiny from regulatory organisations around the
world, which attempt to assure pharmaceutical
safety, efficacy and quality. Integrating a new
technology such as blockchain necessitates con-
forming to and, in certain circumstances, altering
current legislation to fit this creative approach.

Regulatory authorities must establish clear rules
and guidelines for blockchain implementation.
This involves difficulties like record-keeping,
compliance and auditability. Regulatory com-
pliance will necessitate open communication
between industry stakeholders, technology spe-
cialists and regulatory bodies.

Navigating the complex environment of foreign
legislation adds another element of complica-
tion. Pharmaceutical firms operating across bor-
ders must deal with a variety of regulatory con-
straints, necessitating a global effort to develop a
uniform approach to blockchain adoption.

Steinwantder et al® emphasise the vital necessity
of data integrity in the pharmaceutical business,
particularly in the context of process validation.
To ensure patient safety and the profitability of
industrial enterprises, process validation relies
significantly on accurate and trustworthy data.
Regulatory authorities, such as the FDA, have
issued new standards for handling data in the
pharmaceutical industry in response to previous
breaches in data integrity.

The authors suggest a technological method for
improving data integrity that does not rely on
trusted third parties or centralised systems.
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They employ a strategy that combines tradi-
tional software development tools with a new
smart contract created on the Ethereum network.
The case study showed how this approach may
efficiently detect data manipulation or result
backdating and how regulatory agencies can
completely audit the entire data flow from the
regulatory report back to the original raw data.

The outcomes of this contribution provide a
potential roadmap for the creation of produc-
tion-ready solutions, such as versioned database
systems that interface seamlessly with distrib-
uted ledgers. This improvement is projected to
improve the dependability of pharmaceutical
manufacturing data, protecting both industrial
businesses’ intellectual property.

In layman’s words, this emphasises the need
of reliable data in the pharmaceutical sector. It
presents a technological solution based on block-
chain, which is well-known for its role in crypto-
currencies such as Bitcoin. The authors present
a method to secure data integrity without de-
pending on traditional middlemen by merging
blockchain with existing computing tools. This
breakthrough has the potential to significantly
improve the reliability of data used in pharma-
ceutical manufacture, benefiting both firms and
patients.

A study by Jia et al®° addresses long-standing is-
sues in the pharmaceutical sector with medical
data sharing, anti-tampering methods and data
leak prevention. The issue develops when pa-
tients are referred to several hospitals and are
unable to provide a thorough medical history due
to information exchange limits between health-
care facilities. Instead, for transmitting partial
medical information, dependence on easily mis-
placed paper data such as medical records and
test sheets becomes necessary. This raises the
possibility of authenticity and impartiality diffi-
culties in medical disagreements.

To address these issues, the article suggests cre-
ating a consortium medical blockchain system.
This system is built on a Byzantine Fault Toler-
ance algorithm,'® which ensures that numerous
nodes store and share medical information col-
lectively. This method provides a strong barrier
against medical data modification and leakage.
The stated issues in medical data administration
can be efficiently solved by deploying this solu-
tion. Furthermore, when compared to existing
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medical blockchain systems, the proposed sys-
tem has advantages and a broader applicability.

Peng et al'! address a major issue affecting vac-
cine production, specifically the necessity for
strict oversight to assure the safety and efficacy
of vaccines, which are predominantly delivered
to young children with vulnerable immune sys-
tems. Currently, vaccine production oversight is
deemed insufficient because manufacturers have
complete control over production data. When
vaccines are ready for distribution, these doc-
uments are only sent to regulatory agencies for
evaluation, leaving possibility for forgeries and
modifications.

The authors propose a unique approach based on
a two-tiered blockchain architecture!? to address
these inadequacies in centralised management.
The first tier includes confidential data specif-
ic to vaccine manufacturing companies, such as
production records and hash values. The follow-
ing tier includes public data, such as manufactur-
ing record hashes and vaccine information. This
system incentivises vaccine companies to report
production records as soon as possible without
worry of jeopardising their privacy. Further-
more, because of the blockchain’s tamper-proof
characteristics and timestamps, it discourages
organisations from tampering with or falsifying
records.

The authors propose a consensus approach for
multi-node collaboration to improve time efficien-
cy. The principal supervising node is in charge of
sorting services and guaranteeing the blockchain
replica’s accuracy. Ordinary supervisory nodes
can temporarily substitute the primary node and
help with data recovery in the event of data loss.
Furthermore, review nodes are responsible for
giving complete and accurate blockchain copies
to other nodes, avoiding the time and resource
waste that is frequent in traditional blockchain
systems.

In addition to addressing concerns about time ef-
ficiency, the authors offer a mechanism for reduc-
ing vaccine data redundancy within the block-
chain. To evaluate if a block can be pruned, the
technique uses timestamps and vaccination va-
lidity periods. This determination is also aided by
information exchange with vaccine institutions.
These ingenious methods collectively facilitate
efficient spatiotemporal supervision of vaccine
manufacturing.
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This approach is deemed innovative given the
scarcity of research in the subject of vaccine
production monitoring. The suggested block-
chain-based system has the potential to trans-
form how vaccine production is monitored, en-
suring increased safety and reliability in this
essential area of healthcare.

Tseng et al'? introduce the concept of using block-
chain, which is known for its trust-building char-
acteristics, outside of the Fintech sector. The
Gcoin blockchain is proposed as the foundation
for transparent drug transaction data flow. This
method intends to shift the medication supply
chain’s regulatory model away from inspection
and examination and toward a more complete
surveillance net model.

Under this new approach, every organisation in
the medication supply chain can actively partic-
ipate, working together to prevent counterfeit
drugs and protect public health, particularly pa-
tient health. This novel use of blockchain technol-
ogy has great promise for improving transparen-
cy and security in the pharmaceutical business.

The research by Mackey et al* demonstrates
blockchain technology’s potential to revolu-
tionise healthcare by providing a secure and
transparent digital ledger system for data man-
agement. It highlights that the applicability of
blockchain goes well beyond cryptocurrency,
particularly in the context of healthcare. Various
healthcare stakeholders are currently investigat-
ing how blockchain might streamline operations,
reduce costs, improve patient outcomes, ensure
compliance and increase the usage of health-
care-related data.

However, the authors emphasise the significance
of building blockchain solutions with a thorough
understanding of the actual needs of healthcare,
taking into account consumer, patient, provider
and regulatory viewpoints. Addressing the par-
ticular issues that healthcare faces in comparison
to other sectors of the economy is critical. The
authors suggest the concept of a “fit-for-purpose”
health blockchain, which refers to a blockchain
system that is specifically designed to satisfy
the unique needs and demands of the healthcare
business.

The paper brings together a broad collection of
professionals who are actively involved in the
design, development and implementation of
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blockchain solutions in healthcare to share in-
sights into this topic. Their diverse perspectives
and expertise contribute to a thorough grasp of
how blockchain might be used to generate good
change in the healthcare sector.

Mackey et al'® analyse Japan’s changing demo-
graphic landscape, which is marked by an aging
population and dropping birth rates. This demo-
graphic shift poses significant problems to Ja-
pan’s internationally regarded universal health
coverage (UHC) system. A surge in national pub-
lic health expenditures, increased demand for
healthcare services, an urgent need for elder and
long-term care, a scarcity of healthcare experts
and disparities in healthcare accessibility be-
tween rural and urban areas are among the pre-
dicted concerns.

Blockchain technology has emerged as a poten-
tial answer to some of these issues. The authors
underline, however, that for blockchain to be ef-
fective in Japan, it must be envisioned, construct-
ed and deployed in a way that conforms with the
country’s centralised UHC-focused public health
system.

The technology should also be flexible enough to
accommodate Japan’s particular national health
and innovation regulations, which include a reg-
ulatory sandbox system. Lessons learned from
blockchain adoption in the commercial sector
and in other nations should also be incorporated
into the deployment strategy. The position ad-
dresses both the possible benefits and drawbacks
of implementing blockchain technology in Japan’s
healthcare system. It emphasises the importance
of blockchain solutions being carefully localised
and integrated to ensure they suit Japan’s specific
healthcare landscape and legislation.

Potential future directions

Smart contracts

Smart contracts are a significant innovation in
blockchain technology that has far-reaching con-
sequences for the pharmaceutical business. These
self-executing contracts can automate crucial
procedures because they are governed by preset
code. They can, for example, supervise regulatory
compliance checks to ensure that each procedure
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corresponds to set standards. This automation
speeds up procedures, increasing efficiency and
lowering the likelihood of human error.

Furthermore, smart contracts may supervise
quality assurance procedures, ensuring that
products fulfil stringent quality standards be-
fore moving further down the supply chain. This
automation ensures that every product meets
the highest quality standards, enhancing patient
safety. Furthermore, smart contracts can make
payments between stakeholders more seamless
and secure. This not only simplifies financial
transactions but also reduces potential conflicts,
given the conditions of the contract are coded
and automatically executed upon meeting the
criteria.

Decentralised applications (dApps)

Another intriguing path for the pharmaceutical
business is decentralised applications, or dApps.
These blockchain-based applications work with-
out the need for a central authority, giving a level
of transparency and security unrivalled by tradi-
tional systems.

dApps can promote secure and transparent com-
munication between stakeholders in the pharma-
ceutical industry. They can, for example, provide
smooth communication among producers, dis-
tributors and regulatory organisations. These
interactions may be recorded and validated in
real time using blockchain, ensuring the validity
and integrity of medicinal medicines throughout
their entire lifecycle.

dApps' openness and security have the ability to
transform supply chain processes. They create a
trust layer between stakeholders, reducing the
possibility of counterfeit medications and ensur-
ing that every product meets the highest quality
and safety standards.

Potential future implications
for the industry: disrupting
traditional intermediaries

Impact on intermediaries

Blockchain’s distributed ledger architecture has
the potential to reshape the roles of traditional



366

pharmaceutical intermediaries. Intermediar-
ies have historically played an important role in
checking and confirming transactions, assuring
compliance and validating data integrity. Howev-
er, with blockchain, the necessity for third-party
interference may be greatly reduced.

The immutability and transparency of block-
chain records establish trust in transactions and
data. This means that stakeholders can directly
check information on the blockchain, removing
the need for intermediaries. This transformation
could have far-reaching consequences for how
pharmaceutical transactions are performed. It
has the ability to reduce costs, boost operational
efficiency and reduce potential points of failure
or inefficiency associated with traditional inter-
mediaries. Furthermore, enhanced transparency
can boost stakeholder trust, eventually enhanc-
ing patient safety and the integrity of pharma-
ceutical operations.

Potential for disintermediation

The decentralised structure of blockchain al-
lows for direct peer-to-peer contacts, which has
the potential to reshape numerous areas of the
pharmaceutical value chain, particularly the dis-
tribution process. Stakeholders can follow the
complete route of pharmaceutical products from
production to delivery by employing blockchain’s
immutable ledger. This openness not only pro-
tects the authenticity and integrity of medica-
tions, butitalso fosters trust among participants.
As a result, certain intermediaries that normal-
ly oversee or support these transactions may be
avoided.

Reduced reliance on middlemen may result in a
more nimble and efficient supply chain. However,
while disintermediation can provide significant
benefits, it can also provide obstacles. Estab-
lished intermediaries may need to adapt or find
new roles as the ecosystem evolves. Further-
more, considerable thought and regulation will
be required to ensure that the shift to a more de-
centralised ecosystem takes place in a controlled
and secure manner, eventually enhancing patient
safety and the integrity of the pharmaceutical
sector.

Finally, the incorporation of smart contracts and
decentralised applications in the pharmaceutical
business has the potential to completely trans-
form operations. Smart contracts streamline
operations and reduce the chance of errors by
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automating important processes ranging from
regulatory compliance checks to quality assur-
ance procedures. Decentralised apps encourage
transparent interactions among stakeholders,
ensuring authenticity and integrity throughout
the lifecycle of a product.

Furthermore, the impact of blockchain on phar-
maceutical intermediaries could lead to a more
efficient supply chain, with transactions validat-
ed directly on the blockchain. Disintermediation,
particularly in the distribution process, has the
ability to reduce the risk of counterfeit pharma-
ceuticals. However, in order to preserve patient
safety and industry integrity, this change must
be properly managed. By embracing these tech-
nology innovations, the pharmaceutical business
will usher in a new era of efficiency, transparen-
cy and eventually, patient well-being. Medledger,
clinical research, patient data management and
supply chain management are some of real exam-
ple of blockchain technology implementation in
the pharmaceutical industry.

MedLedger

Uddin et al'® conducted study on the vital issue of
counterfeit pharmaceuticals, which constitute a
substantial danger to the pharmaceutical indus-
try, particularly in developing nations. According
to the World Health Organization (WHO), around
10 % of pharmaceuticals produced in these lo-
cations are counterfeit, putting human lives in
danger. The growth of online and Internet-based
pharmacies has challenged medicine supply
chain security even further.

To address this, the study recommends the Me-
dledger system, which is powered by blockchain
technology and uses the Hyperledger Fabric plat-
form with smart contracts known as “chain-
codes”. This technology creates a safe and effi-
cient framework for performing transactions
inside a private and permissioned distributed
network of pharmaceutical stakeholders. It sig-
nificantly decreases dependency on centralised
authorities and middlemen, hence improving op-
erating efficiency and safety. It also reduces the
possibility of data tampering within the Medledger.

Chaincodes! manage and organise interactions
among actors in the drug supply chain ecosystem,
which are represented by sequence diagrams.
The system keeps a complete and immutable re-
cord of all activities, events and transactions on
the Medledger blockchain. It also incorporates
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peer-to-peer decentralised file systems like as
IPFS, Swarm and filecoin®® to improve transpar-
ency and traceability. While the research is en-
couraging, it does admit some implementation
issues related to the Hyperledger Fabric architec-
ture. The paper continues by suggesting future
research topics and open problems that could
help to develop medication traceability solutions
further. Overall, the planned Medledger system is
an important step toward securing pharmaceu-
tical supply chains and protecting public health.
Some of the world’s major pharmaceutical corpo-
rations, including Pfizer and Roche are now using
the platform.

Clinical research

Blockchain technology is being utilised to in-
crease clinical trial transparency and integrity.
For example, the US National Library of Medi-
cine’s ClinicalTrials.gov*® website is investigating
the use of blockchain technology to increase the
accuracy and completeness of trial data.

Another example is the Clinical Research Block-
chain Platform, which IBM and Boehringer Ingel-
heim are developing.?® This platform promises to
improve clinical trial data security and privacy
while simultaneously making it easier for re-
searchers to access and evaluate the data.

Patient data management

Blockchain technology is being used to improve
patient data management in the healthcare busi-
ness. EncrypGen’s* is one example. Patients can
use this platform to securely store and share
their genomic data with researchers and health-
care practitioners. Another example is the Pa-
tientory platform,?> which is being utilised to
improve patient data sharing and management
among healthcare providers.

Supply chain management

IBM Blockchain for Pharmaceuticals. IBM has col-
laborated with pharmaceutical companies such
as Pfizer and Merck to develop blockchain-based
supply chain management solutions. These plat-
forms improve the transparency and traceability
of the pharmaceutical supply chain, minimising
the risk of counterfeit pharmaceuticals and in-
creasing the chain’s overall effectiveness.? %

Chronicled. Chronicled, a blockchain company, has
developed a platform that employs blockchain
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technology to provide pharmaceutical companies
with end-to-end supply chain visibility. It enables
firms to monitor and verify products at every
stage of the supply chain, from manufacturing
through distribution to final consumers.!”?* This
helps to reduce the risk of acquiring counterfeit
pharmaceuticals while also enhancing supply
chain processes.

Conclusion

Blockchain technology has the potential to
transform the pharmaceutical sector by pro-
viding solutions that improve transparency, se-
curity and efficiency. The integration of smart
contracts and decentralised apps holds great
promise for automating crucial operations and
maintaining pharmaceutical product integrity.
Furthermore, the ability of blockchain to dis-
rupt existing middlemen and encourage disin-
termediation may resultin a more streamlined
and efficient industry. Recent research articles
highlight the substantial progress made in
utilising blockchain's potential for the benefit
of the pharmaceutical industry. As the indus-
try evolves, adopting blockchain technology
will be critical in crafting a more secure, trans-
parent and patient-centric future.

Critical processes in pharmaceutical opera-
tions can be automated through the integra-
tion of smart contracts and decentralised apps,
resulting in enhanced efficiency and integrity.
The potential for blockchain to disintermedi-
ate existing intermediaries and disrupt the
sector could transform the industry, enabling
a more streamlined and secure supply chain.

Recent research studies, such as those dis-
cussed in this article, give solid proof of block-
chain's disruptive impact on the pharma-
ceutical industry. Several studies show how
blockchain improves transparency, security
and traceability, solving critical issues like
counterfeit pharmaceuticals and data integrity.
As the industry evolves, adopting blockchain
technology will be critical in crafting a more
secure, transparent and patient-centric fu-
ture. However, navigating implementation ob-
stacles and legal issues is critical to ensuring
a smooth transition to a blockchain-powered
pharmaceutical industry. By doing so, the in-

dustry will be able to realise the full potential
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of this breakthrough technology, eventually
benefiting patients, stakeholders and the gen-
eral public.

The review article is extremely important in
today's climate because of its extensive ex-
amination of blockchain technology's impact
on the pharmaceutical business. It addresses
major concerns in global healthcare, such as
counterfeit medications, supply chain integ-
rity and regulatory compliance. The paper
provides a transformational approach to ad-
dressing these difficulties by suggesting cre-
ative solutions such as smart contracts and
decentralised applications. This review article
delivers relevant insights and ideas that can
potentially change the industry and defend
public health in an era when trust, openness
and efficiency are paramount in pharmaceuti-
cal operations.
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Introduction

A conducive university environment can improve  the other hand, an unhealthy environment will
student learning motivation so that it will have  make students feel stressed and ultimately
an impact on learning achievement.! A conducive  reduce the learning motivation and achievement
university environment here includes good  of students.?

relations between fellow students and the

relationship between students and lecturers.2On  The university environment can be divided into

Copyright © 2024 Kurniawan et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



372

two major parts: physical and non-physical.* The
physical environment such as changes in
temperature, both risingand falling temperatures
affect work performance, but sometimes it also
reduces work performance.® An increase in
temperature to a certain limit causes arousal
which stimulates work performance but after
passing a certain threshold this increase in
temperature begins to interfere with body
temperature which results in disruption of work
performance as well.® The literature generally
shows that the factors that affect the physical
work environment are: temperature, noise,
lighting and air quality.>

The non-physical factor most often discussed and
related to student learning motivation is the
working relationship formed at the university
between students and other students, students
and campus staff or students and lecturers.” The
study results show that the relationship is a
critical strategic issue for organisations because
the relationship between the employee can
significantly impact morale, motivation and
productivity.® Another theory says people work
for money but for more than money’ Most
students want to be respected as a student on
campus and the working relationship between
students and all elements of the campus is also a
fundamental thing that needs attention.'’

In continuing to improve services to students
while studying on campus, lecturers and all
elements at the university need information
about triggers of environmental stress among
students. The results of bibliometric analyses
may guide the identification of all triggers of
environmental stress among students in the
university by determining the main research
areas of existing publications in specific fields.
Moreover, the bibliometric analysis enables
researchers to easily obtain information about
subjects of interest from among numerous and
increasing number of published articles.!* There
is no bibliometric analysis on the publication of
research topics triggers of environmental stress
among students at the university. Thus, the
purpose of the study was to explore triggers of
environmental stress among students in the
university through bibliometric analysis by
analysing the network visualisation, overlay
visualisation and density visualisation on the
topic.

Kurniawan et al. Scr Med. 2024 May-Jun;55(3):371-8. Ml

Methods

Bibliometrics analysis was more suitable for
quantitatively analysing the distribution of
research papers that discuss triggers of
environmental stress among students in the
university. Bibliometric analysis is essential in
assessing related topics searched based on the
repetition term received.'? The data sources used
in this study were based on online searches via
https://app.dimensions.ai/. Data was collected on
3 December 2023. The literature search used the
stages following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart.!?

Paper restricted in publications years 2015-2023,
focuses on the field of health sciences, biomedical
and clinical science, nursing, public health,
psychology and human society. The article
evaluated only article publication type. The book
and chapter types were excluded.

Selecting data

The stages in PRISMA included identification,
screening and including as shown in Figure 1.
Stage 1 (identification) detected 158,764 records
from dimensions.ai, taking into account, each of
the main search terms ‘trigger’ AND
‘environmental stress’ AND ‘student” AND
‘university’, article and proceeding document
type and range period of publication from 2015
to 2023. In stage 2 (screening), the option “article
title, abstract” was selected in the field of each
search term, resulting in 152,982 articles being
excluded. In phase 3 (included), the final sample
yielded 5,782 articles. The detail of the process is
shown in Figure 1.

Data analysis

Data were analysed using VOSviewer. VOSviewer
is a computer program for creating and viewing
bibliometric maps.'* The type of analysis was
selected to create a map based on text data. In
this study, the analysis was reviewed by co-
occurrence and co-authors.

a) Co-occurrence procedures

The procedure for co-occurrence analysis went
through the following stages: The data source
was selected, data were read from references
manager files. Selected fields were chosen from
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Figure 1: PRISMA flow chart

PRISMA: preferred reporting items for

systematic reviews and meta-analyses

~
Records are identified
through database searches
app.dimensions.ai. Including
Identification } all fields, all types of docu-
ments related to trigger of
environmental stress among Articles excluded after filtering
v students in the university (n = 152,982)
e Paper published before years 2015
(n =57,201)
Total number of articles * Not related with the field of health
(n=158,764) } sciences, biomedical and clinical sci-
ence, nursing, public health, psychol-
v ogy, human society, nutrition and dia-
betic (n = 41,368)
o Not “article” publication type
- Article included in the (= 54.413)
synthesis (n = 5,782)
J

which title and abstract fields were extracted.
The counting method selected was full counting.
The threshold selected was the minimum number
of occurrences of a term was 10. Chosen several
terms amounted to 133.

b) Co-authors procedures

The procedure for co-author analysis went
through the following stages: The data type was
chosen and a map based on bibliographic data
was created. A co-authorship map based on
bibliographic data was chosen. Chosen data

Results

From the network visualisation Figure 2 and
overlay visualisation Figure 3, it can be seen that
academic issues, namely the duration of the study

source was: read data from reference manager
files. Supported file type: ris. Chosen the type of
analysis and counting method was: the type of
analysis was co-authorship and the counting
method was full counting. Chosen threshold was:
the maximum number of documents of an author
was 2. Of the 2,624 authors, 49 met the threshold.
For each of the 49 authors, the total strength of
the co-authorship links with other authors was
calculated. The authors with the greatest total
link strength were selected. The number of
selected authors was 49.

were a trending theme discussed in several
papers related to triggers of environmental
stress among students in the university.

s

.

Figure 2: Network visualisation
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Figure 3: Overlay visualisation
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Figure 4: Density visualisation

Through the bibliometric analysis process, it can
be concluded that the triggers of environmental
stress among students in the university were
grouped into four themes: internal situation in
the university (academic stress, air pollution,
anxiety in academic process, coronavirus disease,
depression, fear, medical students, nursing
student, physical activity, school regulation,
smoking, uncertainty), external situation outside
of university (oxidative stress), comfort situation
during study (drought tolerance, low tempe-
rature) and academic process (duration).

Apart from that, from Figure 4 density
visualisation, it can be seen that the academic
process related to the duration of study was a
trending theme discussed in several papers

related to triggers of environmental stress among
students in the university.

Discussion

The internal situation in the university

This study investigated several environmental
stress factors related to internal situations in the
academic situation such as academic stress, air
pollution, anxiety in the academic process,
coronavirus disease, depression, fear, medical
students, nursing students, physical activity,
school regulation, smoking and uncertainty.
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The educational journey for nursing, medical and
health sciences-related students is punctuated by
auniversity’s internal situation of stress-inducing
factors that extend beyond the conventional
academic stressors.”® The academic rigours
inherent in the pursuit of a healthcare degree
encapsulate a formidable array of demands,
encompassing the mastery of a dense and complex
body of knowledge, the acquisition of critical
clinical skills and the execution of high-stakes
practical assessments.’® This intense academic
workload often precipitates heightened levels of
stress and anxiety, which can manifest in various
forms, including performance anxiety, test
anxiety and a pervasive fear regarding the ability
to synthesise and apply knowledge in real-world
clinical settings.” Such stress is frequently
compounded by environmental and lifestyle
factors present within the university setting,
such as air pollution and smoking activity on
campus. These elements, often overlooked, can
further deteriorate the mental and physical well-
being of students, undermining their academic
endeavours and contributing to a cascade of
health-related stress outcomes.** !’

In recent times, the advent of the coronavirus
disease (COVID-19) pandemic has introduced
additional, unprecedented stressors into the
academic milieu of healthcare students.'® * The
exigencies of the pandemic have led to a radical
transformation in academic regulations and the
structure of educational delivery, engendering an
atmosphere fraught with wuncertainty and
apprehension.?® 2! Students have been obliged to
adapt to rapidly evolving teaching methods, often
with diminished access to hands-on clinical
experiences, which are vital to their education
and future practice.?’ These pandemic-related
academic disruptions are paralleled by the
broader psychological impacts of the disease,
including elevated concerns about personal and
familial health risks, which have been shown to
exacerbate feelings of depression and anxiety
within this student population.?! Furthermore,
the pandemic has spotlighted the criticality of
physical activity as a mitigative measure against
stress, even as the constraints of study and
infection control measures have made regular
exercise more challenging. The cumulative effect
of these stressors has culminated in a sense of
graduate uncertainty, where students are left to
ponder the stability and structure of their future
roles in a healthcare system that has been deeply
shaken by a global health crisis.?* #* Addressing
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these multifactorial stressors calls for a holistic
and responsive approach from academic
institutions, necessitating the provision of
comprehensive mental health support, the
adaptation of curriculum and assessment
methods to accommodate the nuances of
pandemic-era education and the fostering of
environments conducive to physical and
psychological wellness.?* 2

External situations outside of the university

Oxidative stress is discovered as an external
situation which triggers environmental stress
among nursing, medical and health-related
students’ university students in this study.
Oxidative stress arises from a combination of
environmental factors, such as air pollution and
smoking and the chronic psychological stress
associated with the demands of their studies.?® %’
Intense academic workloads and high-stakes
clinical environments may increase endogenous
free radicals, leading to cellular damage.?® This is
compounded by lifestyle factors common among
students, including poor sleep, diet and
insufficient exercise, which can all contribute to
oxidative imbalance. Although the direct link
between academic and oxidative stress warrants
further research, recognising and addressing
these contributors is crucial for promoting long-
term health in future healthcare professionals.?
30 Implementing stress reduction programs,
nutritional guidance and healthy lifestyle pro-
motion within academic curricula may help
mitigate these risks.

Comfort situation during the study

The ambient conditions within educational
settings, notably temperature, play a pivotal role
in shaping the learning experience and comfort of
nursing and medical students.'® A suboptimal
thermal environment, particularly one that is
excessively cold, can precipitate a range of
physiological and psychological stress responses
that impede cognitive function and academic
performance.” Cold classroom temperatures have
beenassociated with decreased manual dexterity,
reduced concentration and heightened perception
of discomfort, which can challenge students’
tolerance and adaptability, particularly during
prolonged study periods.®® This form of
environmental stress can subtly yet significantly
contribute to the overall stress burden
experienced by these students, whose academic
rigours already place substantial demands on
their cognitive resources.?> Recognising the
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impact of thermal stress on student well-being
and learning efficacy, there is an emerging
imperative for academic institutions to consider
and regulate classroom temperatures to foster
an environment conducive to comfort and
optimal learning.3* This consideration is
particularly salient in the context of nursing and
medical education, where the synthesis of
complex information and the performance of
precise clinical skills are paramount.'® 1’

Academic process

The temporal dimension of academic processes,
characterised by prolonged durations of study, is
a significant source of stress for nursing, medical
and health sciences-related students.'® ' The
extensive periods required for mastering the
expansive curricula of healthcare disciplines can
lead to chronic stress, manifesting as both
psychological strain and physical exhaustion.
The relentless pressure to absorb voluminous
medical knowledge within limited timeframes
often necessitates extended study sessions,
which can disrupt circadian rhythms, impair
sleep quality and exacerbate cognitive overload.3
This sustained intellectual exertion, without
adequate rest, can diminish students’ capacity
forinformation retention and analytical thinking,
critical facultiesin the medical field. Furthermore,
the constant state of academic engagement can
preclude necessary leisure and social activities,
contributing to a sense of isolation and burnout.3*
Acknowledging the deleterious effects of such
prolonged academic engagement, it is incumbent
upon educational institutions to implement
pedagogical strategies that optimise learning
while minimising stress.'® Such strategies could
include modular curricula, integrated learning
approaches and sufficient rest periods, which
collectively aim to enhance academic efficiency
and preserve the mental and physical well-being
of the students.
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Conclusion

( 7
Through the bibliometric analysis process,
it can be concluded that the triggers of envi-
ronmental stress among students in the uni-
versity are grouped into four themes: internal
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external situation outside of university (oxi-
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(drought tolerance, low temperature) and ac-
ademic process (duration). All elements of the
university especially policy makers should pay
attention to this problem to reduce the risk of

| stress while students are studying.
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Abstract

The widespread adoption of metformin as a primary therapeutic agent for
type 2 diabetes has prompted inquiries into its potential impact on vitamin
B,, (cobalamin) levels and subsequent deficiency. This study aimed to elu-
cidate this complex relationship and enhance the care provided to patients
undergoing metformin treatment. A comprehensive search of meta-anal-
yses, systematic reviews, randomised controlled trials and guidelines
published between January 2010 and September 2021 was conducted.
"along with corresponding DeCS
terms, guided the search. Varied recommendations from different scien-
tific associations underscore the need for regular monitoring of vitamin B,
levels in patients undergoing long-term metformin therapy. Different dura-
tions of metformin exposure, spanning from 6 weeks to 48 months, were
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associated with decreased vitamin B, concentrations. Observed decreas-
es in B,, concentrations ranged from 7.7 to 65.8 pmol/L, with percentage
reductions ranging from 6.3 % to over 35 %. The evidence highlights a
dosage-dependent correlation between higher metformin doses and an
increased prevalence of B,, deficiency. The results obtained highlight the
association between metformin and B, deficiency. The prevalence of B,,
deficiency under metformin is of a greater magnitude than the one de-
clared on the Summary of Product Characteristics approved by the medi-
cine regulatory agencies. Thus, clinicians should be aware of this possible
side effect when prescribing metformin, in order to prevent, monitor and

treat if present.
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Introduction

The World Health Organization (WHO) estimates
that approximately 463 million adults had dia-
betes in 2019, a number which is expected to in-
crease to 700 million by 2045. Type 2 diabetes,
characterised by insulin resistance and impaired
glucose regulation, is associated with family his-
tory, sedentary lifestyle and obesity.!

The diabetes treatment involves a multifactorial
risk-reduction strategy, that includes pharmaco-
logical treatment. Metformin is generally one of
the first-line therapy options due to its favour-

able safety profile, glucose-lowering efficacy and
potential cardiovascular benefits. However, ques-
tions about its potential side effects have arisen,
since emerging evidence suggests that metformin
may interfere with the absorption of vitamin B ,
(cobalamin) by affecting the gastrointestinal
tract and intrinsic factor secretion, altering gut
microbiota and increasing renal excretion of vi-
tamin B, ,.> This emphasises the need for monitor-
ing of B, levels in long-term metformin users due
to potential deficiency-related complications.

Copyright © 2024 Peixoto et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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As vitamin B, deficiency is associated with a
spectrum of clinical manifestations, including
anaemia, neuropathy and cognitive impairments,
a comprehensive review of the current literature
is imperative to elucidate the nature and extent of
the association between metformin use and vita-

. - 36
min B, deficiency.

By synthesising available research findings, this
review aimed to assess the current state of knowl-
edge regarding the relationship between these
two factors, thus informing clinical practice and
guiding future research directions in the realm
of diabetes management and patient well-being.

Methods

The authors used the PICO approach outlined by
O’Connor et al to perform this evidence-based
review, which acronym enables the review ques-
tioned to be performed in terms of the population
(P), intervention (I), comparator (C) and outcome

(0).

The population included adults of both sexes
medicated with metformin, due to the diagnosis
of diabetes, pre-diabetes or polycystic ovarian
syndrome. The therapeutic intervention consist-
ed of comparing the use of metformin with pla-
cebo, another drug or not taking medication. The
primary outcome was vitamin B, deficiency.

The authors excluded articles with paediatric
populations, patients with prior gastrointestinal
surgery, intrinsic factor deficiency, inflammato-
ry bowel disease or celiac disease. The exclusion
criteria also included duplicated articles, opinion
articles and articles that were not consonant with
the objective of the review. Thus, the Medical
Subject Headings (MeSH) words selected from
the Pubmed’s MeSH Database were ‘metformin’
and ‘vitamin B,,". These MeSH words were used
to search for synopses, guidelines, meta-anal-
yses, systematic reviews and original papers,
published between January 2010 and September
2021 in the databases MEDLINE, National Guide-
line Clearinghouse, National Institute for Health
Care and Excellence, Canadian Medical Association
Practice Guidelines InfoBase, TRIP Database, the
Cochrane Library, DARE, Bandolier and Index de
Revistas Médicas Portuguesas in English and Por-
tuguese.

Peixoto et al. Scr Med. 2024 May-Jun;55(3):379-84. M

The strength of recommendation taxonomy
(SORT) scale, from the American Academy of
Family Physicians, was used to determine the lev-
el of evidence and strength of recommendation.

Results were standardised for comparison, con-
verting time variables to months and vitamin B,
concentrations to pmol/L.

Results

The initial search identified a total of 85 results,
of which 74 were obtained after removing dupli-
cates. Of these, 46 were excluded after reading the
title, 8 after reading the abstract and 3 after read-
ing the full article. The results are summarised in
Table 1.

The American Diabetes Association (ADA) and
European Association for the Study of Diabetes
(EASD) recommend routine vitamin B , monitor-
ing for long-term metformin users, without spec-
ifying exposure times or metformin doses. The
Endocrine Society (ES), American Association of
Clinical Endocrinology (AACE) and American Col-
lege of Endocrinology (ACE) suggest assessing B,,
levels for those with neuropathy symptoms.7-?

The International Society of Nephrology (ISN) ad-
vises B, , evaluation after 4 years of metformin use
or in high-risk individuals (eg, patients with mal-
absorption syndrome or reduced dietary intake
[vegans]).X® Furthermore, the Canadian Diabetes
Association (CDA) suggests periodic B,, measure-
ments in metformin users or individuals with
signs or symptoms of deficiency (such as impaired
proprioception or peripheral neuropathy).!!

Correlation between metformin
exposure time and decreased vitamin
B12 concentration

Time

While the duration of the analysed studies varied,
differences in B, concentration were found after
a minimum of 6 weeks of metformin exposure,
with ranges from 14.89 (p < 0.119) to 19.7 pmol/L
(p=0.004).121

Some studies identified variances in B, concen-
trations after a 3-month period of metformin use
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Table 1: Summary of the information found in the systematic reviews and original studies

. Time  Dose . A B i i
Articles N ) (mg) % deficit (om oI‘/i.) A B,% Risk NNH SORT Observations
Niafaretal® 7611 NA  N/A N/A 65.80 N/A OR:245 o ¢

p <0.00001* p <0.00001*

. Annual monitoring of vitamin
£ vYangetal® 5,500 36 N/A N/A 63.70 14.70% RR:2.09 N/A  C  B,isrecommended in patients
.g p < 0.00001* p <0.00001*  p<0.00001* receiving metformin.

@ » 5710 19% Itis prudent to monitor B12 in
o Chapmanetal”® 14945 48 N/A N/A . N/A N/A  C  patients who are at increased risk
= p<0.001 p <0.001* of deficiency.
g . 53.93
& Luetal NA NA  NA N/A N/A N/A NA C
> p=0.0001*
@ 24.70
Lietal® 218 N/A N/A N/A oo 0 31 N/A N/A NA C
0 0,
60.0 43 /°pvi%'%3/2 N/A N/A
Aroda et al** 2,150 1,700 ) OR: 1.13 NA 3
74 % Vs 5.4 %
156.0 Choois  NA N/A
Jager et als 390 480 2500  NA N/A 19% AR:720 434 3
p<0.001* p=0.004
Lohmann et al'® 500 6.0 1,700 N/A 51 6.30 % N/A N/A 3 Monitoring vitamin B,,on a
regular basis may be prudent.
Sahin etal” 165 15 1700 N/A 14.89 NA 3
p<0.119 NA N/A
g 32% Monitor at baseline and duri
= i i 25 onitor at baseline and auring
g Mastroiannietal®® 165 36.0 1,700 . N/A N/A N/A NA 3 treatment routinely.
2 p<0.02
= 6.30 %
£ Leungetal® 20 30 NA N/A NA 3
5 N/A N/A D= 0.04" /
o Ty
Griffin et al® 249 60 N/A N/A 770 ND N/A NA- 3
Gatfordeta 180 15 <2500 /A 19.70 \D N/A NA 3
p=0.004*
Hassanetal® 1200 30 1000  NA ND 35% N/A NA 3
p<0.01*
19.90
Hansen etal” 412 180 NA N/A N/A N/A NA 3
p<0.01*
Kancherlaeta® 16945 60 =500 7%Vs3 % N/A N/A N/A N/A 3 Clinically based vitamin B, mon-
’ R p < 0.0001* itoring should be promoted.

AR - Absolute risk; M - months; N/A - Not applicable; NNH - Number needed to harm; OR - 0dds ratio; RR - Relative risk; SORT - Strength of recommendations

taxonomy;

(6.3 %, p =0.04, Leung et al) (35 %, p < 0.01, Has-
san et al) and others found a similar variation
after a 6-month period (6.3 %, Lohmann et al).**-
16 Furthermore, Hansen et al identified a 19.9
pmol/L variance (p < 0.01) after 18 months.”

In a longer approach (48 months), Hassan et al
also found a 19 % (p < 0.01) variation in B, con-
centration, similar to the systematic reviews of
Yang et al at 36 months (14.7 %, p < 0.0001) and
Chapman (19 %, p < 0.001) at 48 months.!* 18

B12 concentration variation

Serum B, levels were assessed based on concentra-
tion or relative variation in the reviewed studies.
Findings indicated a decrease in B, concentration
between 7.7 pmol/L (Griffin et al, Sahin et al) and

65.8 pmol/L (p < 0.0001, Niafar et al).'*** 2 Origi-
nal studies reported a variation from 7.7 pmol/L to
51 pmol/L while systematic reviews showed a vari-
ation from 24.7 pmol/L (p = 0.31, Li et al) to 65.8
pmol/L (Niafar et al).!% 161921

In terms of percentage, reductions in B,, were
noted from 35 % (p < 0.01, Hassan et al) to 6.3 %
(Lohman et al and the Leung et al), with system-
atic reviews indicating reductions below 20 %
(14.7, Yang et al and 19 %, Chapman et al).'® 22

B,, deficiency

More significant than changes in B, concentra-
tion is the detection of deficiency, due to its po-
tential health and quality of life implications.
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Kancherla et al found a statistically significant
difference among groups, with a 7 % preva-
lence of B, deficiency in 16,945 patients treated
with metformin for 6 months at doses as low as
500 mg, compared to 3 % in the non-metformin
group.?

Another study reported a 4.3 % prevalence of B, ,
deficiency after 60 months in patients treated
with metformin at an average dose of 1700 mg
per day, contrasting with 2.3 % in the non-met-
formin group (p = 0.03). After 156 months, the
prevalence of B,, deficiency was 7.4 % in the met-
formin group versus 5.4 % in the non-metformin
group (p = 0.13).>* Mastroianni et al identified
the highest prevalence of B, deficiency (32 %, p
< 0.02) in 165 patients receiving the same daily
dose of metformin.?

B,, deficiency and its association
with metformin dose

Metformin dose across studies ranged from 500
to 2500 mg per day. Kancherla et al found a 7 %
prevalence of B, deficiency among patients using
at least 500mg of metformin daily for 6 months.??
Other studies showed that daily use of metformin
at doses greater to or exceeding 1700 mg were
linked to vitamin B , deficiency after 36 or 60
months (Mastroianni et al and Aroda et al, re-
spectively).?*2°

Risk measurements: odds ratio,
relative risk and absolute risk

Niafar etal observed a greater prevalence of B ,
deficiency in the metformin group (OR = 2.45,
p <0.0001), while Aroda et al found a heightened
risk (OR = 1.13).192*

Yang et al reported a significantly increased risk
of vitamin B, deficiency among metformin users
(RR 2.09, p < 0.0001)."8Jager et al demonstrated
a 7.2 percentage point higher absolute risk of vi-
tamin B, deficiency (p = 0.004), with a number
needed to harm of 13.8.%¢

Discussion

In presented study, a prevalence of vitamin B,
deficiency of 25.3 % among patients with type 2
diabetes receiving metformin therapy was identi-
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fied. This high prevalence underscores the imper-
ative need to promptly address this deficiency to
alleviate potential symptoms and mitigate overall
health repercussions. The observed prevalence
aligns with findings from other studies, which report
arange of B , deficiency between 6 % and 30 %.

Kim et al identified a prevalence of 22.2 % in a
study involving 1111 patients, while Aroda et al,
in a prospective study with 1073 participants, re-
ported a prevalence of 19.1 % after 5 years and
20.3 % after 13 years of metformin usage.!® 1! Ad-
ditionally, the National Health and Nutrition Ex-
amination Survey demonstrated that 41 % of B,,
deficiency cases among individuals with diabetes
were attributable to metformin use.!? In a Korean
study, the prevalence of vitamin B,, deficit was
lower (9.5 %), emphasising the influence of popu-
lation differences as a potential bias.

Regarding the duration of metformin use, some
studies suggest a cutoff of 4 years for detect-
ing B,, deficiency.”® In presented study, patients
with B,, deficiency were identified after just 1
year of metformin use. The mean duration under
metformin for the B, deficiency group was 5.33
years, consistent with previous data.

The dosage of metformin is also a significant con-
sideration in various studies. For instance, Kim
et al reported a decrease in vitamin B , levels by
0.142 pg/mL with a 1 mg increase in metformin,
while Beulens et al found a decrease of 0.042 pg/
mL.!**[n presented study, doses as low as 500 mg
per day were associated with B, deficiency and
the majority of the deficiency group (55 %, n=11)
had prescribed doses exceeding 2000 mg/day,
aligning with prior data.

In future studies, aim is to replicate these find-
ings on a multicentre or national level to enhance
the robustness of presented conclusions. Addi-
tional secondary outcomes, including folic acid
levels, homocysteine levels, and methylmalo-
nyl-CoA mutase, can also be explored to deepen
understanding of B , deficiency.

B,, deficiency presents with varied symptoms
that may mislead doctors and patients, as neu-
rologic symptoms (characterised by decreased
position and vibratory sensation in the extremi-
ties accompanied by mild to moderate weakness
and hyporeflexia, that may develop in a stock-
ing-glove distribution). It can mimic the diabetic
foot symptoms, leading to unnecessary therapy
and investigation. Other symptoms such as irri-
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tability, depression, weight loss and poorly local-
ised abdominal pain may occur, leading to poor
quality of life.'®

Correcting this disorder is simple, as various
B,, supplement formulations are available and
haematologic abnormalities are usually correct-
ed within 6 weeks. However, doctors should be
aware that neurologic symptoms may take much
longer and may even become irreversible if they

persist for months or years.'®

Conclusion

s N
The significance of presented results, reveal-
ing a 25.3 % prevalence of B, deficiency in
patients under metformin, emphasises the
importance of physician awareness and pro-
active management of this side effect to min-
imise possible symptoms of the patients that
may diminish their quality of life.

Etics

The study was approved by the Ethic Committee
of the Administracdo Regional de Satide do Norte
(Northern Regional Health Administration), deci-
sion No CE/2024/1, dated 4 January 2024.

Acknowledgement

None.

Conflicts of interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Data access

The data that support the findings of this study
are available from the corresponding author
upon reasonable individual request. Consent
statement and permission obtained by the Tech-
nical Committee of USF Nova Estacao.

Author ORCID numbers

Bruno Daniel Oliveira Peixoto (BDOP):
0000-0003-4694-1044

Mariana Abreu Gongalves (MAG):
0000-0002-3236-367X

Ana Isabel Ferreira da Costa (AIFdC):
0000-0001-7234-2876

Teresa Filipa Ramoa Goncgalves (TFRG):
0009-0008-6848-1556

Author contributions

Conceptualisation: BDOP, MAG, AIFdC, TFRG
Methodology: BDOP, MAG, AIFdC, TFRG
Validation: BDOP, MAG

Formal analysis: BDOP, MAG, AIFdC, TFRG
Investigation: BDOP, MAG

Data curation: BDOP, MAG

Writing - original draft: BDOP, MAG

Writing - review and editing: BDOP, MAG, AIFdC,
TFRG

Visualisation: BDOP, MAG

Supervision: BDOP, MAG, AIFdC, TFRG
Project administration: BDOP, MAG

References

1. World Health Organization. Diabetes- Key facts.[Inter-
net]. [Cited: 20-Mar-2021]. Available at: https://www.
who.int/news-room/fact-sheets/detail /diabetes/.

2. American Diabetes Association. Standards of medi-
cal care in diabetes-2020 abridged for primary care
providers. Clin Diabetes. 2020 Jan;38(1):10-38. doi:
10.2337/cd20-as01.

3. Reinstatler L, Qi YP, Williamson RS, Garn JV, Oakley
GP Jr. Association of biochemical B;, deficiency with
metformin therapy and vitamin B;, supplements: the
National Health and Nutrition Examination Survey,
1999-2006. Diabetes Care. 2012 Feb;35(2):327-33. doi:
10.2337/dc11-1582.



384

10.

11.

12.

13.

14.

O'Leary F, Samman S. Vitamin B12 in health and dis-
ease. Nutrients. 2010 Mar;2(3):299-316. doi: 10.3390/
nu2030299.

Tavares Bello C, Capitdo RM, Sequeira Duarte ], Az-
inheira ], Vasconcelos C. [Vitamin B12 Deficiency
in Type 2 Diabetes Mellitus]. Acta Med Port. 2017
Oct 31;30(10):719-26. Portuguese. doi: 10.20344/
amp.8860..

Liu Q, Li S, Quan H, Li J. Vitamin B12 status in met-
formin treated patients: systematic review. PLoS
One. 2014 Jun 24;9(6):e100379. doi: 10.1371/journal.
pone.0100379.

Davies MJ, D'Alessio DA, Fradkin J, Kernan WN, Mathieu
C, Mingrone G, et al. Management of hyperglycemia in
type 2 diabetes, 2018. a consensus report by the Amer-
ican Diabetes Association (ADA) and the European As-
sociation for the Study of Diabetes (EASD). Diabetes
Care. 2018 Dec;41(12):2669-701. doi: 10.2337/dci18-
0033.

LeRoith D, Biessels GJ, Braithwaite SS, Casanueva FF,
Draznin B, Halter ] B, et al. Treatment of diabetes in old-
er adults: an endocrine society* clinical practice guide-
line. ] Clin Endocrinol Metab. 2019 May 1;104(5):1520-
74.doi: 10.1210/jc.2019-00198.

Garber A], Abrahamson M], Barzilay ]I, Blonde L,
Bloomgarden ZT, Bush MA, et al; American Association
of Clinical Endocrinologists (AACE); American College
of Endocrinology (ACE). Consensus statement by the
American Association of Clinical Endocrinologists and
American College of Endocrinology on the compre-
hensive type 2 diabetes management algorithm--2016
executive summary. Endocr Pract. 2016 Jan;22(1):84-
113. doi: 10.4158/EP151126.

Kidney Disease: Improving Global Outcomes (KDIGO)
Diabetes Work Group. KDIGO 2020 Clinical Practice
Guideline for Diabetes Management in Chronic Kid-
ney Disease. Kidney Int. 2020 Oct;98(4S):S1-S115. doi:
10.1016/j.kint.2020.06.019.

Diabetes Canada Clinical Practice Guidelines Expert
Committee; Lipscombe L, Booth G, Butalia S, Dasgupta
K, Eurich DT, Goldenberg R, et al. Pharmacologic glyce-
mic management of type 2 diabetes in adults. Can ] Di-
abetes. 2018 Apr;42 Suppl 1:588-5S103. doi: 10.1016/j.
jcjd.2017.10.034.

Sahin M, Tutuncu NB, Ertugrul D, Tanaci N, Guvener
ND. Effects of metformin or rosiglitazone on serum
concentrations of homocysteine, folate, and vitamin
B12 in patients with type 2 diabetes mellitus. ] Dia-
betes Complications. 2007 Mar-Apr;21(2):118-23. doi:
10.1016/j.jdiacomp.2005.10.005.

Gatford KL, Houda CM, Lu ZX, Coat S, Baghurst PA,
Owens JA, et al. Vitamin B12 and homocysteine sta-
tus during pregnancy in the metformin in gestational
diabetes trial: responses to maternal metformin com-
pared with insulin treatment. Diabetes Obes Metab.
2013 Jul;15(7):660-7. doi: 10.1111/dom.12080.

Leung S, Mattman A, Snyder F, Kassam R, Meneilly G,
Nexo E. Metformin induces reductions in plasma cobal-
amin and haptocorrin bound cobalamin levels in elder-
ly diabetic patients. Clin Biochem. 2010 Jun;43(9):759-
60. doi: 10.1016/j.clinbiochem.2010.02.011.

Peixoto et al. Scr Med. 2024 May-Jun;55(3):379-84. M

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hassan MH, Abd-Allah GM. Effects of metformin plus
gliclazide versus metformin plus glimepiride on car-
diovascular risk factors in patients with type 2 diabe-
tes mellitus. Pak ] Pharm Sci. 2015 Sep;28(5):1723-30.
PMID: 26408873.

Lohmann AE, Liebman MF, Brien W, Parulekar WR,
Gelmon KA, Shepherd LE, et al; From the CCTG, Alli-
ance, SWOG, ECOG, NSABP Cooperative Groups. Effects
of metformin versus placebo on vitamin B12 metab-
olism in non-diabetic breast cancer patients in CCTG
MA.32. Breast Cancer Res Treat. 2017 Jul;164(2):371-8.
doi: 10.1007/s10549-017-4265-x.

Hansen CS, Jensen ]S, Ridderstrale M, Vistisen D, Jor-
gensen ME, Fleischer ]J. Vitamin B12 deficiency is as-
sociated with cardiovascular autonomic neuropathy
in patients with type 2 diabetes. ] Diabetes Compli-
cations. 2017 Jan;31(1):202-8. doi: 10.1016/j.jdia-
comp.2016.08.025.

Yang W, Cai X, Wu H, Ji L. Associations between met-
formin use and vitamin B12 levels, anemia, and neu-
ropathy in patients with diabetes: a meta-analysis. ]|
Diabetes. 2019 Sep;11(9):729-43. doi: 10.1111/1753-
0407.12900.

Niafar M, Hai F, Porhomayon ], Nader ND. The role of
metformin on vitamin B12 deficiency: a meta-analysis
review. Intern Emerg Med. 2015 Feb;10(1):93-102. doi:
10.1007/s11739-014-1157-5.

Griffin S], Bethel MA, Holman RR, Khunti K, Wareham
N, Brierley G, et al. Metformin in non-diabetic hyper-
glycaemia: the GLINT feasibility RCT. Health Technol
Assess. 2018 Apr;22(18):1-64. doi: 10.3310/hta22180.
Li X, Fang Z, Yang X, Pan H, Zhang C, Li X, et al. The ef-
fect of metformin on homocysteine levels in patients
with polycystic ovary syndrome: A systematic re-
view and meta-analysis. ] Obstet Gynaecol Res. 2021
May;47(5):1804-16. doi: 10.1111/jog.14725.

Chapman LE, Darling AL, Brown JE. Association be-
tween metformin and vitamin B12 deficiency in pa-
tients with type 2 diabetes: A systematic review and
meta-analysis. Diabetes Metab. 2016 Nov;42(5):316-
27.doi: 10.1016/j.diabet.2016.03.008.

Kancherla V, Elliott JL. Jr, Patel BB, Holland NW, Johnson
TM 2nd, Khakharia A, et al. Long-term metformin ther-
apy and monitoring for vitamin b12 deficiency among
older veterans. ] Am Geriatr Soc. 2017 May;65(5):1061-
6.doi: 10.1111/jgs.14761.

Aroda VR, Edelstein SL, Goldberg RB, Knowler WC,
Marcovina SM, Orchard TJ, et al; Diabetes Prevention
Program Research Group. Long-term metformin use
and vitamin b12 deficiency in the diabetes prevention
program outcomes study. ] Clin Endocrinol Metab.
2016 Apr;101(4):1754-61. doi: 10.1210/jc.2015-3754.
Mastroianni A, Ciniselli CM, Panella R, Macciotta A,
Cavalleri A, Venturelli E, et al. Monitoring vitamin b12
in women treated with metformin for primary preven-
tion of breast cancer and age-related chronic diseas-
es. Nutrients. 2019 May 7;11(5):1020. doi: 10.3390/
nul1051020.

de Jager ], Kooy A, Lehert P, Wulffelé MG, van der Kolk
], Bets D, et al. Long term treatment with metformin in
patients with type 2 diabetes and risk of vitamin B-12
deficiency: randomised placebo controlled trial. BM].
2010 May 20;340:c2181. doi: 10.1136/bmj.c2181.



Sharma et al. Scr Med. 2024 May-Jun;55(3):385-90.
PROFESSIONAL ARTICLE

DOI:10.5937/scriptamed55-49621

Radiological Changes in Leprosy Patients With
Disabilities and Deformities of Hands and Feet

Sunakshi Sharma,' Vikas Malgotra,? Mashkoor Wani'

1. Department of Dermatology, Government
Medical College, Jammu, India.

i 2. Department of Dermatology, Government

AbStraCt H Medical College, Udhampur, India.
P ! : i Citation:

Background/Aim: Leprosy (Hanserj S dlsegse) affects the skin and Sharma S, Malgotra v, Wani M. Radiological
nerves. Hands and feet are commonly involved in all types of leprosy often changes in leprosy patients with disabilities and
leading to deformities. This study explored radiological changes in leprosy deformities of hands and feet. Scr Med. 2024
patients with hand and foot disabilities/deformities. May-Jun;55(3):385-90.
Methods: Observational retrospectlvel study was 'Ifhe chosenl design. Corresponding author:
Study was conducted on 50 leprosy patients presenting at a tertiary care i VIKAS MALGOTRA
hospital with hand and foot disabilities during 2020-2022. Leprosy types i Erdrvikas2911@gmail.com

were clinically diagnosed, confirmed by acid-fast bacilli staining. Bacterio-
logical index (Bl) and morphological index (Ml) were calculated via Ridley's
scale. Histopathological examination of the skin lesions was also conduct-
ed. Radiological exams, anteroposterior and lateral X-rays, identified spe-
cific/non-specific bone changes.

Results: Mean age was 38.8 years, bone changes identified at 40.3
years. Radiological changes were seen in 42.0 % patients (34 % patients
had non-specific and 16 % had specific changes). These changes were
seen more common and earlier in females as compared to males, the dif-
ference however was not significant (p = 0.6). Mean Bl (2.8) and Ml (32 %)
of the patients with bone changes were slightly higher than those without
bone changes but the differences were not statistically significant (2.2 and
27 %) (p = 0.2). Common specific changes were periostitis and subartic-
ular erosion while osteopenia and phalangeal resorption were the most
common non-specific changes.

Conclusion: Non-specific bone changes were more common than spe-
cific ones and in females as compared to males. Lepromatous leprosy (LL)
was associated with maximum bone changes with varied involvement in
other types of leprosy.

Key words: Leprosy bone changes X-ray; Bone changes in leprosy; Lep-
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Introduction

Leprosy, also known as Hansen’s disease, is a  disabilities leading to substantial social and eco-
chronic granulomatous infectious disease caused = nomic consequences.

by Mycobacterium leprae. It primarily affects the

skin and nerves, with nerve damage leading to  Systemic manifestations of leprosy have been
sensory/motor impairments, deformities and well-documented in the literature. In addition

Copyright © 2024 Sharma et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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to the skin and peripheral nerves, other tissues
commonly affected by leprosy include bones,
eyes, upper respiratory tract, kidneys, liver and
testes. The occurrence of bone changes in lep-
rosy has been reported to vary significantly in
different studies. Hands and feet are commonly
involved in all types of leprosy. According to a
study on bone changes, approximately 25 % of
untreated leprosy patients may develop defor-
mities in their hands and feet, while about 80 %
of joint lesions may involve metatarsophalangeal
joints of the foot or the inter-phalangeal joints of
the hands and feet.!

The main focus of this study was to analyse the
radiological changes observed in the hands and
feet of leprosy patients with deformities.

Methods

Retrospective observational study was per-
formed. Fifty leprosy patients with disabilities
of hands and feet who attended the leprosy clinic
were included in this observational retrospective
study conducted at the Department of Dermatol-
ogy at the Tertiary Care Hospital, Jammu, India,
over 24 months (2020-2022). All the patients had
grade | disability with 12 patients additionally
having grade II disability (deformity) of hands
and feet. Ethical clearance for the study protocol
was obtained from the institutional ethical com-
mittee and informed consent was taken from all
the patients.

The provisional diagnoses of the patients were
classified into different types of leprosy based
on the clinical examination: lepromatous (LL),
borderline lepromatous (BL), borderline (BB),
borderline tuberculoid (BT), tuberculoid (TT)
and pure neuritic leprosy (PNL). To confirm
the type of leprosy, acid-fast bacilli (AFB) were
demonstrated through slit skin smears. The bac-
teriological index (BI) and morphological index
(MI) were calculated according to Ridley's scale.
Moreover, a histopathological examination of the
skin lesions in cases of lepromatous, borderline
and tuberculoid leprosy was conducted.

In addition to clinical and histopathological as-
sessments, radiological examinations were per-
formed on the selected patients. X-rays, including

Sharma et al. Scr Med. 2024 May-Jun;55(3):385-90. [l

antero-posterior (AP) and lateral of the patients'
hands and feet, were thoroughly studied to iden-
tify any bone changes. These changes were fur-
ther classified into specific and non-specific cat-
egories.

Statistical analysis was conducted on the collect-
ed data using appropriate methods. Descriptive
data, including numbers and percentages, were
analysed for all the categories examined in the
study.

Results

Mean age of patients was 38.8 + 11.6 years. Bone
changes were seen at a mean age of 40.3 years.
This study involved 35 males and 15 females
with lepromatous leprosy (LL) accounting for the
maximum number of patients (20) followed by BL
(12), BT (11), BB (3) and PNL (4) (Figure 1). How-
ever, bone changes were seen in 53 % females and
37 % males. Bone changes were seen in females
at a mean age of 38.6 £ 16.1 years and in males
at 41.4 = 8.9 years (p = 0.6). Mean BI (2.8) and
MI (32 %) of the patients with bone changes were
slightly higher than those without bone changes
but the differences were not statistically signifi-
cant (2.2 and 27 %) (p = 0.2).

Radiological changes were seen in 21 patients
(42 %). Specific radiological changes were pres-
ent in 8 patients (16 %) and non-specific changes
were seen in 17 patients (34 %). Primary peri-
ostitis and subarticular erosion were the most
common specific radiological finding present in 4
(8 %) and 3 (6 %) patients respectively (Table 1).
Osteopenia and resorption of terminal phalanges
were the most common non-specific findings in
study seen in 5 (10 %) and 4 (8 %) patients, re-
spectively.

The maximum number of patients with bone
changes had LL (13 patients or 26 %). Other
types of leprosy in patients having bone chang-
es with different frequency were: BL - 5 (10 %),
PNL - 2 (4 %), BB - 1 (2 %). Specific bony chang-
es were seen in multibacillary patients, while the
non-specific changes were seen in paucibacillary
and multibacillary patients (Figure 2). Some ex-
amples of bone changes are shown in Figure 3
and Figure 4.
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Figure 1: Gender distribution of different types of leprosy seen in the patients.

LL: lepromatous; BL: borderline lepromatous; BB: borderline; BT: borderline tuberculoid; TT: tuberculoid; PNL: pure neu-

ritic leprosy;

Table 1: Presented bone deformities in patients with leprosy

Type

Deformity

Total

Hands

Feet

Hands
and feet

Specific

Primary periostitis

1

Subarticular erosion

Honeycombing

Sclerosis

Areas of bone destruction

Non-specific

Osteopenia (periarticular/diffuse)

Resorption of terminal phalanges

Bone erosions

Joint subluxation/ dislocation

w DD

Joint contractures

Soft tissue thickening

Secondary periostitis

Hitchhiker’s deformity

Joint destruction

= 2 NN WWW e a= NN WS

_ a a N

.

Figure 2: Types of bone changes seen in the studied patients

LL: lepromatous; BL: borderline lepromatous; BB: borderline; BT: borderline tuberculoid; TT: tuberculoid; PNL: pure neu-

ritic leprosy;
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Figure 3: X-ray of hands and wrist joint (AP) of a patient with lepromatous leprosy (LL) showing:
complete resorption of all terminal phalanges of both hands, partial resorption of all middle pha-
langes of both hands except the 4th digit of the right hand which shows complete resorption
along with partial resorption of proximal phalanx. Soft tissue thickening also seen in digits of both

hands with periarticular osteopenia.

-

.

J

Figure 4: X-ray of the hands and feet (AP) showing: a) resorption of terminal phalanx of 5th digit with subarticular erosion of middle
phalanx of left hand, resorption of most of the terminal phalanges of both feet; b) periarticular osteopenia seen in multiple interpha-
langeal joints of both feet; ¢) osteoporotic changes associated with cortical thinning seen in middle phalanges of 2nd, 3rd, 4th and

5th digits and metacarpals of left hand.

Discussion

This study aimed to analyse the radiological
changes observed in the hands and feet of lep-
rosy patients with deformities. The mean BI and
MI of patients with bone changes were slightly
higher than those without bone changes but the
differences were not statistically significant.
This suggests that the presence of bone changes

were not strongly associated with bacterial or
morphological indices. In addition, bone changes
were seen more commonly and at an earlier mean
age (38.6 years) in females as compared to males
(41.4 years), the difference however was not sig-
nificant.
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Bone changes in leprosy may be specific- when
they occur due to direct invasion by Mycobacte-
rium leprae or non-specific when they occur indi-
rectly due to sensory impairments, repeated trau-
ma, trophic changes and restricted movements of
muscles. Radiological changes were detected in
21 out of the 50 patients, resulting in an overall
incidence of bone changes at 42.0 %, which was
lower than reported in studies conducted by
Choudhuri et al (87.3 %) and Thappa et al (82.9
%).% 3 The most common specific radiological
finding was primary periostitis and subarticu-
lar erosion, whereas osteopenia (subperiosteal
or diffuse) and resorption of terminal phalanges
were the most common non-specific changes ob-
served in presented study. Specific bony changes
were seen in multibacillary patients, while the
non-specific changes were seen in paucibacillary
and multibacillary patients.

Specific bone changes in leprosy have been not-
ed to be rare with an estimated prevalence of
3 % to 5 % among hospitalised patients.* How-
ever, an increased incidence of specific changes
was noted (16 %) perhaps because this study
was conducted on patients having disabilities/
deformities. In addition, non-specific radiolog-
ical changes were two times more common (34
%) than specific changes (16 %), the results being
consistent with previously conducted studies.?>®
Regarding the distribution of radiological chang-
es across different types of leprosy, this study
revealed interesting patterns. Lepromatous lep-
rosy (LL) was associated with the highest num-
ber of patients (13 patients or 26 %) exhibiting
radiological alterations. This aligns with previ-
ous studies that have consistently shown a higher
prevalence of bone involvement and deformities
in lepromatous leprosy.” Among the other types
of leprosy, 3 patients (6 %) with borderline lepro-
matous (BL) leprosy exhibited specific changes,
while 3 patients (6 %) displayed non-specific
changes. There was no patient with a diagnosis of
TT in presented study. In addition, patients with
BT leprosy did not have any bone involvement.
Moreover, LL and BL accounted for the highest
percentage of patients (32 %) with bone chang-
es. These findings are in agreement with the fact
that bone involvement in paucibacillary leprosy
(PB) is relatively uncommon and indicate the im-
portance of considering leprosy type when eval-
uating bone pathology.

The observed mean age of patients in presented

1389

study was 38.8 = 11.6 years and bone changes
were seen at a mean age of 40.3 years. While age
has been identified as a contributing factor to the
development of deformities in leprosy patients,
study did not specifically explore age-related dif-
ferences in radiological changes. Further investi-
gations with larger sample sizes and age-strati-
fied analyses would provide more comprehensive
insights into the relationship between age and
radiological changes in leprosy patients.

Conclusion

This study revealed that while specific ra-
diological changes were relatively rare, they
occurred with a notable incidence in patients
with disabilities/deformities, particularly in
those with multibacillary forms of leprosy.
Non-specific changes, on the other hand, were
more prevalent and occurred in both pauci-
bacillary and multibacillary patients, under-
lining the broader impact of the disease be-
yond the direct effects of the Mycobacterium
leprae infection. It highlights slight differenc-
es in gender with a higher incidence noted in
female patients, although this difference was
not statistically significant. In conclusion,
this study contributes to the understanding
of the radiological manifestations of leprosy
in affected patients and underscores the im-
portance of comprehensive diagnostic evalu-
ations in the management of this debilitating
disease.
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Atypical lung carcinoids are rare compared to other lung cancers and are
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Introduction

Carcinoid tumours constitute a mere 2 % of the
total incidence of pulmonary tumours, originat-
ing from Kulchitsky cells, which are stem cells
located within the bronchial epithelium exhib-
iting neuroendocrine differentiation.! Atypi-
cal carcinoid (AC) tumours, with a frequency of
merely 0.2 %, are less prevalent compared to
their typical counterparts. These atypical vari-
ants are distinguished by an augmented mitot-
ic count (exceeding 2 per 2 mm?), presence of
punctate necrosis and an enhanced propensity
for metastatic spread.? Diagnostic confirmation
of carcinoid tumours via immunohistochemical
staining is achieved using markers such as chro-
mogranin A, synaptophysin, CD56 and TTF-1.3
Approximately 80 % of AC tumours exhibit a cen-

tral location within the pulmonary architecture
and demonstrate no association with smoking.
Therapy of choice is surgical intervention, which
typically involves complete resection, including
lobectomy and segmentectomy.*

In the realm of infectious diseases, pulmonary
tuberculosis (TB) ranks as the second cause of
mortality after COVID-19, with a reported prev-
alence of 10.6 million individuals in 2022. This
figure represents a 4.5 % increase since 2020,
including a 3.5 % rise in new cases.® TB is prev-
alent in all countries and across all age groups.
It is critical to emphasise that pulmonary TB can
be effectively prevented through vaccination and
successfully treated with antibiotic therapy.

Copyright © 2024 Novakovi¢ Lackovi¢ et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
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Case history

In November 2022, a 46-year-old female patient
underwent a computed tomography scan of the
chest. Patient had a persistent cough lasting ap-
proximately one year. This radiological examina-
tion described pathological alterations in middle
and lower lobes of right lung: neoplastic lesion
with spiculated margins, measuring 14 x 12 x 16
mm (Figure 1a, red arrow). This lesion, exhibit-
ing pleural retraction, was predominantly local-
ised within the inferior lobe. Additionally, a dis-
tinct solid lesion was detected in the right middle
lobe, in close proximity to the pericardium. Char-
acterised by adjacent adhesions, this lesion was
diagnostically classified as post-inflammatory
(Figure 1b, blue arrow). The female patient with a
20-year history of tobacco use had a multifaceted
medical history, including bronchial asthma (di-

agnosed in 2017), ulcerative colitis (diagnosed in
2006), hypothyroidism (diagnosed in 2020) and
sideropenic anaemia.

The current pharmacological regimen included
inhaled corticosteroids combined with long-act-
ing B-agonists (ICS + LABA), mesalazine in both
tablet and suppository forms and systemic cor-
ticosteroids administered during exacerbations
of ulcerative colitis. Additionally, the therapeutic
protocol incorporated levothyroxine for thyroid
insufficiency and iron supplements to address
the anaemic condition. Clinically, the patient re-
ported experiencing fatigue under conditions of
heightened physical stress.

Pulmonary function assessment via spirometry

Y
\ —
o d N
\ a
| LD

Figure 1: Contrast-enhanced CT image of the chest showing: a) tumour in the right lung’s lower lobe with spiculated margins, mea-
suring 14x12x16 mm (red arrow) that retracts the pleura; b) solid lesion in the right middle lobe, in close proximity to the pericardium
with adjacent adhesions (blue arrow); ¢) fibrotic alterations in the right lower lobe after surgery (red arrow); d) subpleural nodule
measuring less than one cm in segment S6 of the right lung after surgery (blue arrow).
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revealed a mild obstructive ventilatory impair-
ment, quantified by the following parameters: vital
capacity (VC) at 81 %, forced expiratory volume in
the first second (FEV1) at 82 %, Tiffeneau-Pinelli
Index at 58 % and maximal expiratory flow at 50
% of lung volume (MEF50) at 23 %. Upon broncho-
scopic examination, normal endoscopic findings
were observed, prompting the thoracic surgeon
to recommend video-assisted thoracoscopic sur-
gery (VATS) with intraoperative extemporane-
ous histopathological assessment. In November
2022, the patient underwent uniportal video-as-
sisted thoracoscopic surgery (UVATS), encom-
passing an atypical resection of the right lung’s
lower lobe (histologically confirmed as benign ex
tempore) and an atypical resection of the right
lung’s middle lobe.

Pathohistological analysis post-surgery charac-
terised the lesion in the lower lobe as granulo-
matous inflammation accompanied by caseous
necrosis. Microscopic examination revealed lung
tissue interspersed with granulation tissue and
granulomas, comprising epithelioid cells, lym-
phocytes and multinucleated giant cells of the
Langhans type, along with foreign body-type
giant cells. The lesion in the middle lobe was de-
fined as an AC tumour, staged pT1aNxL+VOPNO.
Immunohistochemical staining yielded positive
results for synaptophysin, chromogranin and
TTF-1, along with moderate positivity for CK7
and Ki-67, the latter exhibiting nuclear positivity
in approximately 5 % of cells and was negative
for p40. Following the establishment of malig-
nancy and the acquisition of definitive pathohis-
tological evidence, the thoracic surgical team rec-
ommended conducting a lobectomy of the middle
lobe coupled with lymphadenectomy.

However, the preoperative strategy was modi-
fied due to pathohistological confirmation of TB.
This necessitated the initiation of anti-TB ther-
apy, spanning a duration of 6-8 weeks, prior to
the surgical intervention. The 4-drug regimen
in tablet form (isoniazid, rifampicin, ethambu-
tol and pyrazinamide), commenced in February
2023. After completing seven weeks of anti-TB
treatment, a mediastinal lobectomy of the mid-
dle lobe, along with hilar and mediastinal lymph-
adenectomy, was performed in March 2023. Sub-
sequent pathohistological analysis substantiated
the diagnosis of an AC tumour, with no evidence
of lymphatic metastasis (classified as pT2aN0).
Post-operatively, the regimen of anti-TB therapy,
comprising isoniazid and rifampicin, was sus-

tained until August 2023. A follow-up chest com-
puted tomography scan conducted in September
2023 revealed the absence of oncological or TB
recurrence. This imaging study described fibrotic
alterations in the right lower lobe (Figure 1c, red
arrow), alongside the identification of a subpleu-
ral nodule measuring less than one centimetre
in segment S6 of the right lung (Figure 1d, blue
arrow). Additionally, a standard positron emis-
sion tomography-computed tomography (PET-
CT) scan performed within the same month did
not depicted any metabolic activity within the S6
nodule on the right side. Continuous surveillance
of the patient’s condition remains an ongoing
process.

Discussion

The cough reflex predominantly represents the
primary symptomatic manifestation of pulmo-
nary pathologies. A cough that persists more
than three weeks may be indicative of an array
of alternative health complications. The potential
for concurrent lung diseases to be obscured war-
rants a heightened level of clinical vigilance. The
main challenge encountered in the management
of chronic cough lies within the precise etiologi-
cal identification, as accurate diagnosis is imper-
ative for the cessation of symptoms through tar-
geted therapeutic interventions.

Within the categorisation of neuroendocrine neo-
plasms, AC are classified as neoplasms exhibiting
intermediate malignant potential. These neo-
plasms are comparatively rare, constituting ap-
proximately 20 % of pulmonary carcinoids. Pul-
monary carcinoids themselves account for a mere
1 % of all neoplastic formations within the Unit-
ed States.® Typically, these tumours are diminu-
tive in size, with a central pulmonary localisation
evident in 80 % of cases.” It is imperative to note
that all pulmonary carcinoids are inherently ma-
lignant, possessing metastatic capabilities.® From
a diagnostic perspective, the identification of
AC tumours presents significant challenges, fre-
quently due to their clinical presentation mimick-
ing bronchial asthma, a phenomenon extensively
documented in the scientific literature.” 1° In the
present case, the radiological manifestation of
pulmonary TB deviates from the conventional
pattern. Ordinarily, the primary site of TB is in
the apical regions of the lungs. However, the de-
tection of TB in the lower lobe, especially when
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considering its radiographic profile, presented
an unusual clinical scenario. Notably, it has been
observed that in patients with comorbidity such
as diabetes mellitus, TB frequently exhibits atyp-
ical radiographic characteristics. This variant, of-
ten impacting the middle and lower zones of the
pulmonary field, is referred to as basal or lower
lobe TB and may extend to hilar, parahilar and
perihilar regions. Such atypical presentations
underscore the complexity of TB pathology, par-
ticularly in the context of concurrent endocrine
disorders.!!

The concomitant diagnosis of pulmonary TB in
patients slated for surgical intervention signifi-
cantly increases both intraoperative and post-
operative risks, predominantly attributed to the
potential for dissemination and clinical exacer-
bation of TB. Optimal management often neces-
sitates deferral of surgical procedures until the
completion of anti-TB treatment. In scenarios
where individuals with active TB require emer-
gent surgical intervention, preoperative initia-
tion of anti-TB therapy is imperative.!? In such
clinical cases, a carefully designed and long-term
TB treatment strategy is needed. This approach
require close cooperation between the surgical
team and pulmonologists.!® It merits attention
that a considerable number of cases document-
ing the concurrent occurrence of asthma and TB
have been registered globally, with numerous
scholarly inquiries endeavouring to elucidate
their interrelation. Asthmatic patients exhibit an
elevated susceptibility to pulmonary infections,
attributable to the asthma-induced immune re-
sponse, which culminates in hypertrophy and
inflammatory cell infiltration of the respiratory
tract mucosa. This pathological state fosters in-
creased reactivity and bacterial colonisation.'*

Historical records tracing the simultaneous pre-
sentation of TB and lung cancer date back to the
19th century. The correlation between TB and
lung cancer has been extensively scrutinised in
various scientific studies, yet the determination
of whether this association is merely coincidental
or possesses an etiological underpinning remains
ambiguous.’> The literature reveals a paucity of
research exploring the triad of lung diseases -
asthma, AC and TB. The predominant factors
contributing to this scarcity are likely rooted in
a generalised lack of clinical suspicion regard-
ing disease coexistence, limitations in diagnostic
acumen, or constraints in available diagnostic
modalities.*

Conclusion

4 1
This clinical case exemplifies the phenome-
non of a rare pathology being obscured by a
more prevalent condition. It underscores the
imperative in all instances of chronic cough,
irrespective of pre-existing diagnoses, to rig-
orously pursue an expansive differential di-
agnosis. Such approach is crucial in unveiling
potentially underlying rare pathologies that
might otherwise remain undetected in the

\shadow of more common diseases.
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Smoking combustible tobacco is a leading cause
for morbidity and mortality of cancer globally.!
However, two-thirds of lung cancer deaths due
to smoking could be prevented through effective
tobacco-control policies, regulations and other
measures. Therefore, its elimination is a very im-
portant public health priority. It is important to
establish the prevalence of smoking in each com-
munity before an antismoking campaign. The
aim of this article was to point out a role of smok-
ing data on intergenerational characteristics of
smoking.

It is well known that there is an association be-
tween parent (G2) and child (G3) smoking be-
haviour and a connection between grandparent
(G1) and G3 smoking that takes place through
the G2.2 The transmission of smoking behaviour
from one generation to the next indicates that it
is worth paying attention to family effect when
it comes to tobacco prevention; such influence
takes place not only through genetics, but also
by environmental influences. That is why it is
important to establish environmental circum-
stances when investigating intergenerational
influences, eg level of education, occupation, atti-

tude toward women, urbanisation and economic
status of family. Change in the number of wom-
en smokers may arise due to arrival of the wom-
en’s liberation movement, increased employment
and divorces. The generation of men that went
through the war or forced labour often increases
incidence of smoking.

In such study, it is possible to include young adult
volunteers, eg high school or college students, fac-
tory workers or any group of local participants as
a convenience sampling.? The participants should
be asked if they, their parents and grandparents
are/were non-smokers or current smokers/ever
smokers, the age of each member, their level of
education. It is worth including a question on the
smoking status of siblings and best friends of the
G3 person. The questionnaire can be distributed
via the Internet (eg Google Module) or by the clas-
sic way. The results obtained can be displayed
graphically and textually.

The data obtained, together with comments
written by an experienced medical doctor on an-
tismoking activity, should be presented via the
public media to the community or wider area,

-
Carcinomas o Increased
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Figure 1: Elements of teachable moments for combustible tobacco or nicotine smokers
COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease; CHF: congestive heart failure. 7: Intergenerational data may also contribute to preven-

tion of tobacco use.
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including other teachable elements.* > When
smokers and non-smokers realise what factors
contributed to smoking, this knowledge increas-
es motivation for quitting or smoking prevention
(Figure 1). Studies on intergenerational charac-
teristics of smoking reveal genetic and environ-
mental influences on smoking in the area, as well.
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obtained by the institutional ethics committee
(IEC). A cover letter should state that written in-
formed consent was obtained from all subjects
(patients and volunteers) included in the study
and that the study was approved by the IEC. The
name of the issuing ethics committee should be
clearly disclosed, as well as its decision number
and date of its issuing.

11. Acknowledgement. A statement listing all
persons and institutions that has assisted the au-
thors in performing the research in question.

12. Conflict of interest. A statement listing all
cases of non-financial involvement of any author
that could be perceived to be potentially damag-
ing to the objectivity of the research project.

13. Financial disclosure. A disclosure state-
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ment declaring any potential conflict of interest
must be signed by each author. (See the policy
statement on conflict of interest issued by the
World Association of Medical Editors, WAME,
www.wame.org or ICMJE uniform disclosure
form for potential conflicts of interest, www.ic-
mje.org.) This disclosure includes all affiliations
or financial involvement (eg, employment, con-
sulting fee or honorarium, gifts, stock ownership
or options, travel/accommodations expenses,
grants or patents received or pending and roy-
alties) with any organisation having a financial
interest in or financial conflict with the subject
matter or materials discussed in the manuscript.
This information will be held in confidence while
the paper is under review. If the manuscript is
accepted for publication, the editors will discuss
with the author how such information is commu-
nicated to the reader in the section “Conflicts of
interest.”

14. Data access. Statement on where and how
the original data used to prepare the manuscript
can be obtained.

15. Author ORCID numbers. After authors’
names their initials should be listed and then the
16-digit ORCID numbers.

16. Author contributions. To qualify for au-
thorship, one must made substantial intellectual
contributions to the study on which the article
is based (see Policy Statements - Authorship at
www.wame.com). The author should participate
at least in one of these three categories:

a. research question, conception and design,

data acquisition and analysis,

b. statistical analysis, interpretation of data,

provision of funding, technical or material sup-

port, overall supervision of the project.

c. drafting or critical revision of the manu-

script.

In some research projects experts (such as bio-
statisticians or epidemiologists) may participate
and although they may not be equally familiar
with all aspects of the work (for example, some
clinical variables or laboratory measurements),
they may be qualified as the authors. A statement
acknowledging contribution to the manuscript
should be signed by all the authors. It will be pub-
lished in the section “Author contributions.” The
corresponding author is responsible for the integ-
rity of the work as a whole. It is dishonest to omit
mentioning the investigator who had important
engagement with some aspects of the work.

A pre-defined list of possible author contribu-
tions is given below. For each author one or more
of the following 14 potential functions should be
selected:
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- Conceptualisation

- Methodology

- Software

- Validation

- Formal analysis

- Investigation

- Resources

- Data curation

- Writing - original draft

- Writing - review and editing

- Visualisation

- Supervision

- Project administration

- Funding acquisition.

After each of the applicable function, a colon ()
should be written, followed by the initials of the
authors pertaining to this particular contribu-
tion (eg, Conceptualisation: AB, CD, Supervision:
AB, XY, VW, etc).

17. Authorship statement. It should include the
following:

a. A statement that the manuscript has been
read and approved by all authors.

b. A statement that the authors confirm the
sequence of their names in the order that will be
reproduced in the article (if accepted for publi-
cation), listed after consecutive Arabic numbers.

c. The name of the corresponding author and
a statement that they empower him/her to sign
all the requested statements and to communicate
with the Editorial Office on their behalf.

This statement should be signed by all the au-
thors.

18. Cover letter. The letter accompanying the
submission should include the following:

a. A statement that the submitted text is the re-

sult of the original work of the authors.

b. A statement that the paper has not been pre-

viously published, nor is it concurrently sub-

mitted to any other journal.

d. Assertion that written acknowledgements,

consent statements and/or permission by the

institutional ethics committee were obtained.

The name of the ethics committee, the decision

number and date should be included.

e. A brief description of the study, with accent

on its novelty and why the authors believe that

it should be published in Scripta Medica.

This letter should be signed by corresponding
author.

The majority of these instructions are in ac-
cordance with “Uniform Requirements for Manu-
scripts Submitted to Biomedical Journals” (www.
icmje.org).

19. Submission of manuscripts. Manuscripts
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and all enclosures (cover letter, authorship state-
ment and financial disclosures) should be upload-
ed via the journal official website http://scripta-
medica.com/submit-a-manuscript/.

20. Editorial process. Manuscripts deemed
suitable for publication by in-house assessment
will be reviewed by at least two outside experts.
Contributors are encouraged to provide names of
two or more qualified reviewers with experience
in the subject of the submitted manuscript, but
this is not mandatory. Galley proofs of the accept-
ed articles will be sent to the corresponding au-
thor, who should reply within 48 h and either ap-
prove the galley proof for publication or mark the
necessary corrections. The entire process, from
the initial submission of the manuscript to the
final review, including the sending and receiving
of page proofs, will be completed online, vis the
editorial platform SCIndeks.

21. Review procedure. Manuscripts suitable
for peer review will be sent to at least two in-
ternational reviewers, based on the topic of the
manuscript and the potential reviewers’ exper-
tise. Reviewers will be allotted seven days to
decide whether they will accept the invitation
to review a manuscript or not, plus another sev-
en days to write a review. In case of some delay,
this may be extended for another seven days. In
case that even then a review is not received, new
reviewers will be invited instead. Some manu-
scripts may be accepted without revision, but if
revision is required, the corresponding author
must address each question, criticism and sug-
gestion made by the reviewers or editor. He/she
has 10 days to respond following the receipt of
the reviewers’ remarks. These topics should be
addressed in a letter to the editor along with a
revised manuscript. All the changes made to the
text should be marked with a different colour, so
that they can be tracked. Following receipt of a
galley proof, authors are allotted a 48-h period
to either approve it for publication or to suggest
some changes.

The acceptance rate for Scripta Medica is
around 40 %.

22. For further information, please contact the
journal manager at the following address: slavi-
ca.serdar-janjus@med.unibl.org. For this pur-
pose, the journal website http://scriptamedica.
com/contact/ may also be consulted.

Specific instructions for a manuscript

Title page. The title page of the manuscript con-
tains the title of the article, the full name of each

il

author (without titles) and the departments and
institutions of the author(s) in the order they are
listed. The title page must also include the name
of the corresponding author, (along with address,
phone and e-mail address) to which the work
should be attributed. The word count should be
indicated, as well. Original articles may have up to
2.500 words, excluding abstract and references.
The title should identify the main topic or the
message of the paper. The standard title of a re-
search paper is a phrase (rarely a sentence) that
identifies the topic of the paper; it should be con-
cise and precise, informative and descriptive.
The title of a descriptive paper should include
the necessary description, function, purpose,
animal species or population. When a method is
described, the title should indicate whether it is
new or improved.

Abstract and key words. Structured abstract
should be included in papers reporting original
research. Abstracts are limited to 300 words
in four labelled paragraphs: Background/Aim,
Methods, Results and Conclusion. The abstract
should state concisely the objectives of the study,
methods used, results obtained and adequate-
ly answer the research question. The abstract
should provide pertinent information when read
alone. Abstracts should not contain any citing of
references. Below the abstract, authors should
provide 3-5 key words, according to the terms
from the Medical Subject Headings - MeSH (www.
nlm.nih.gov/mesh).

Introduction. Generally, this section provides
the motivation for the paper (ie, what is miss-
ing or unknown in the research literature at this
time), an overview of the scientific theory or con-
ceptual models on which the research was based
and the purpose of the study and why it is im-
portant. Cite only relevant references.

Methods. This section accurately describes the
procedures used to carry out the study; it should
be complete enough to permit others to replicate
the study. Describe the methodological design,
subjects, data sources, data collection methods
and any statistical and analytical procedures.
These five parts may not be needed in all pa-
pers. Short papers may include these details in
different paragraphs, but titled subsections may
be used in longer papers. The Methods section
should describe how the research was struc-
tured, how subjects or groups of subjects (de-
fined by sex, age and other characteristics) and
how the subjects were chosen and assigned to
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these groups. Identify all drugs and chemicals by
generic names, exact drug dosages and routes of
administration. Variability should be expressed
in terms of means and standard deviations (SD).
A p-value can be used to disprove the null hy-
pothesis, but the authors should also give an esti-
mate of the power of the study and state the exact
tests used for statistical analysis.

Results. This section presents findings in log-
ical sequence using the text, tables and figures.
This section should show how the results of the
study answer the research question. This may be
shortest part of the entire paper. Details may be
presented concisely in one or more tables or fig-
ures. Do not repeat the data presented in tables
or figures in the text. Emphasise or summarise
only important observations and how these an-
swer the question posed in the introduction.

Tables. Each table with its legends, should be
self-explanatory and numbered in Arabic numer-
als in order of their mentioning in the text. The
title should be typed above the table and any ex-
planatory text, including definitions of abbrevia-
tions, is placed below the table.

Figures. All figures (photographs, graphs or
schemes) should be numbered with Arabic nu-
merals in the order of their mentioning in the
text. All lettering should be dark against a white
background and of sufficient size to be legible
when reduced for publication. Do not send origi-
nal artwork, X-ray films or ECG tracings but rath-
er photographs of such material. Images need to
be at least 300 DPI (JPG or TIF files). Figure leg-
ends should be typed double-spaced on a sepa-
rate page with Arabic numerals corresponding
to the figure. All symbols, arrows, numbers or
letters should be explained in the legend. An in-
ternal scale should appear on photomicrographs
and methods of staining should be described in
the legend.

Discussion. Discussion should be always written
as a separate chapter and not together with the
Results. Briefly state the principal finding that
relates to the purpose or research question posed
in the Introduction and follow the interpretation
of the results obtained. Compare your findings
with work reported previously by others. Discuss
the implications of your findings and their limita-
tions with respect to the methods used.
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Conclusion. The conclusion should be brief and
clear, answering the aim of the research and
should not consist of repetition of the main re-
sults. Avoid unqualified statements and conclu-
sions not completely supported by your data.

References. The reference list is the responsi-
bility of the authors. List all the papers or other
sources cited in describing previous or related re-
search. Cite references in the text sequentially in
the Vancouver numbering style, as superscripted
number after any punctuation mark. For example:
...as reported by Vuli¢ and colleagues.'? When two
references are cited, they should be separated by
comma, with a space. Three or more consecutive
references are given as a range (eg, ...as was pub-
lished earlier.>'*). References in tables and fig-
ures should be in numerical order according to
where the item is cited in the text. For citations
according to the Vancouver style, see Uniform Re-
quirements for Manuscripts Submitted to Biomed-
ical Journals; this source gives the rules and for-
mats established by the International Committee
of Medical Journal Editors (www.icmje.org). The
standardised abbreviations of the titles of scien-
tific journals cited should be used. If there are six
authors or fewer, list all six by last name, space,
initials, comma. If there are seven or more, list
the first three in the same way, followed by et al.
For a book, list the editors and the publisher, the
city of publication, and year of publication. For a
chapter or section of a book, give the authors and
title of the section, and the page numbers. For on-
line material, please cite the URL and the date you
accessed the website. Online journal articles can
be cited using the doi number. Do not quote refer-
ences within the Abstract and Conclusion section.
All titles of cited manuscripts should be in English
(the name of the original language should appear
in brackets). Every effort should be done to add
the doi number after the reference; if not avail-
able, PMID number should be listed. See examples
below that conform to the Uniform Requirements
for Manuscripts Submitted to Biomedical Jour-
nals:

e Miller AL, Evanson NK, Taylor JM. Use of donepe-
zil for neurocognitive recovery after braininjury
in adult and pediatric populations: a scoping re-
view. Neural Regen Res. 2024 Aug 1;19(8):1686-
95. doi: 10.4103/1673-5374.389628.

e International Committee of Medical Journal
Editors (ICMJE). International Committee
of Medical Journal Editors (ICMJE). Uniform
Requirements for Manuscripts Submitted to
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Biomedical Journals: writing and editing for
biomedical publication. Haematologica. 2004
Mar;89(3):264. PMID: 15020262,

e Hull ], Forton ], Thompson A. Paediatric respi-
ratory medicine. Oxford: Oxford University
Press; 2015.

e Bydder S. Liver metastases. In: Lutz S, Chow E,
Hoskin P, editors. Radiation oncology in pallia-
tive cancer care. Chichester (UK): John Wiley &
Sons, Ltd.; 2013. p. 283-298.

e Christensen S, Oppacher F. An analysis of Ko-
za’s computational effort statistic for genetic
program- ming. In: Foster JA, Lutton E, Miller
], Ryan C, Tet- tamanzi AG, editors. Genetic pro-
gramming. EuroGP 2002: Proceedings of the
5th European Conference on Genetic Program-
ming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer; 2002. p. 182-91.

¢ Polgreen PM, Diekema D], Vandeberg ], Wiblin
RT, Chen YY, David S, et al. Risk factors for groin
wound infection after femoral artery catheter-
ization: a case-control study. Infect Control
Hosp Epidemiol [Internet]. 2006 Jan [cited 5
Jan 2007];27(1):34-7. Available from: http://
www.journals.uchicago.edu/ ICHE/ journal/
issues/v27n1/2004069/2004069. web.pdf.

Review article

Review articles are written by individuals who
have studied a particular subject or area exten-
sively and who are considered experts. Narrative
reviews and Systematic reviews should be identi-
fied as such in their titles. For these reviews, the
word count should not exceed 2.500 words, ex-
cluding references and abstract. The manuscript
may have up to 4 tables or figures and as many
as 50 references. Any deviation from these lim-
itations may be approved at the discretion of the
Editor-in-Chief.

Current topic

Current topics are actually mini-reviews. They
also review a certain topic, but less extensively
and by quoting a considerably smaller number of
original publications.

Special article

Special articles of 1500 words or less may be devot-
ed to any medical problem, historic perspective,
education, demography or contemporary issues.
Up to 15 references may be cited and the piece
may contain 2 tables or figures. An unstructured
abstract in English (150 words or less) should ac-
company a specific article. Financial disclosure
should be presented.

History of medicine
History of medicine articles deal with some histor-

ic aspects of medical research and practice. They
should be considered as a type of a special article.

Case report

Case reports are most likely to be published
if they describe any of the following: an unre-
ported drug side effects (adverse or beneficial),
drug interactions; a new, unexpected, or unusu-
al manifestation of a disease; previously unsus-
pected causal association between two diseases;
presentations, diagnosis and/or management of
new and emerging diseases; an unexpected asso-
ciation between diseases or symptoms; an unex-
pected event in the course of observing or treat-
ing a patient, findings that shed new light on the
possible pathogenesis of a disease or an adverse
effect; a previously unknown disease. Scripta
Medica does not publish instructive case reports,
thatis, presentations that make important teach-
ing point of what is already well known but often
forgotten.

Case reports (no longer than 750 words) should
include the following: title, introduction, case his-
tory (including up to three figures) and discus-
sion, references (up to six) and an unstructured
abstract in English. The abstract may be a single
paragraph containing no more than 100 words
and followed by key words. Title should facilitate
retrieval with electronic searching. Case pre-
sentation should include the history, examina-
tion and investigations adequately, description
of treatments, all available therapeutic options
that have been considered and outcomes related
to treatments. Discussion includes the following:
statement an unusual diagnosis, prognosis, ther-
apy; report of a literature review of other similar
cases; explain rationale for reporting the case;
what is unusual about the case; could things be
done differently in a similar case. There should
also be a short conclusion.

Case reports may have as many as five authors.
A very short case, about a particular disease can
be submitted as a Letter to the Editor. Consent
for publication must be obtained from the pa-
tients involved; if this is not possible, permission
from a close relative or a legal guardian must be
obtained before submission. Only non-identifi-
able data should be included, thus protecting the
identity of the patient.

In a cover letter authors should indicate how the
case report contributes to the medical literature.
Submissions that do not include this information



Vi

will be returned to authors prior to peer review.
For all case reports, informed written consent is
required; the cover letter should state that con-
sent was obtained. Authorship statement and fi-
nancial disclosure should be presented.

Images in clinical medicine

The editors will consider original, clear and in-
teresting images that depict new or “classic” clin-
ical pictures submitted along with a descriptive
paragraph of up to 200 words. The report may
include two authors and three references. The
authors must obtain a signed, informed consent
from the patient or from a close relative or a legal
guardian. The cover letter from the correspond-
ing author should state that written consent was
obtained.

Letter to the editor

If the letter refers to a recent journal article, it
should not exceed 250 words, excluding referenc-
es. All letters should be brief and to the point with
no more than five reference citations. Figures or
tables are not permitted in this format. Financial
disclosure should be presented.

Editorial

Editorials are solicited by the editor to provide
perspective on articles published in the journal
and/or to express the general policies or opinions
of the Editorial Board. Editor-in-Chief may invite
a respectable scholar to write an editorial on a
certain topic.

Submission of papers

Manuscripts, tables and figures should be sub-
mitted via the official journal website http://
scriptamedica.com/submit-a-manuscript/, when-
ever it is possible, all in one file. To assist the
reviewing process, besides this full-text file,
additional files should be uploaded, too:
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(1) Authorship statement, signed by all the au-
thors (see above for details)

(2) Cover letter, signed by the corresponding
author (see above for details)

(3) Title page, containing the manuscript title,
full names and surnames (in this order!) and af-
filiations of the authors and the following seven
statements/assertions:

- Ethics (number and date of issuing of the eth-

ics committee - state its name - clearance or

an explanation why it was waived of not sought
atall)

- Acknowledgement

- Funding

- Conflict of interest

- Data access

- Author ORCID numbers

- Author contributions

All these data should be a part of the Title page,
since they could reveal the identity of the authors.

(4) Body text, containing the title only and the
rest of the manuscript with tables and figures
(only this file is to be sent to reviewers in a dou-
ble-blind manner) and

(5) Filled out WAME Manuscript Checklist (and
MS Word form can be downloaded from the jour-
nal website)

Signed Authorship statement and Cover letter
should be scanned and submitted electronically
together with previous materials.

To minimise delays, we advise that you prepare
signed copies of all statements before submitting
the manuscript. In case of the incompleteness of
the submission, the corresponding author will
have to upload the missing documents within 48
h. Failure to comply to this deadline will result in
the rejection of the submitted manuscript, based
on its incompleteness. In such a case, the authors
can start a new submission.



