The knowledge and practice of emergency department doctors in the
management of calcium channel blocker overdose in South Africa

BY

DR NAKITA ANN PLUYMERS
MBChB (UP) DipPEC (SA)

Student Number: 2418919

A Research Report submitted to the Faculty of Health Sciences of the University of the
Witwatersrand, Johannesburg, South Africa in partial fulfilment of the requirements for the
degree of Master of Medicine in Emergency Medicine

SUPERVISORS:

Dr Victoria Stephen, MBChB (UCT) MMed (Emergency Medicine) (Wits) Cert Critical Care
(EM) (SA) FCEM (SA) DipPEC (SA)

Prof Mike Wells, MBBCh, PhD, FCEM(SA), DipPEC(SA), FEMSSA

Johannesburg, 2023



Contents

Declaration by student ii

Dedication iii
Acknowledgements iv
Submission format v
Publication submission format Vi

Manuscript for submission

Abstract 1
Introduction 2
Methods 2
Results 3
Discussion 7
Limitations 9
Conclusion 9
References 9
Appendix A: Social Media Advert 12
Appendix B: Self-administered questionnaire 12
Appendix C: Questionnaire mark sheet: closed and open-ended questions 20
Appendix D: Online webinar presentation 21
Appendices
Final research protocol viii
Ethics clearance certificate XX
Turnitin Plagiarism report XXi
Certificate of submission signed by student XXii

Certificate of submission signed by supervisors XXiii



Plagiarism Declaration by Student

| Dr Nakita Ann Pluymers, student number: 2418919, am a student registered for Master in
Medicine (Emergency Medicine) in the year 2023. | hereby declare the following:

e | am aware that plagiarism (the use of someone else’s work without their permission
and/or without acknowledging the original source) is wrong.

o | confirm that ALL the work submitted for assessment for the above course is my own
unaided work except where | have explicitly indicated otherwise.

e | have followed the required conventions in referencing the thoughts and ideas of
others.

e |l understand that the University of the Witwatersrand may take disciplinary action
against me if there is a belief that this is not my own unaided work or that | have
failed to acknowledge the source of the ideas or words in my writing.

12 July 2023



| would like to dedicate this to my loving soon to be husband, Marcio Caldeira. Thank you for
being my rock and for always encouraging me to be the best. You are my person, | love you
- Brunfelsia pauciflora



Acknowledgements
Thank you to my supervisors for all their knowledge, time, guidance, and patience.

I would like to express my appreciation to Dr Victoria Stephen, thank you for being my
mentor, supervisor, and friend.

A special acknowledgement to Elsabe Smit for the help with the statistical analysis of the
data.

Lastly, sincerest gratitude to all the participants as well as consultants, fellow colleagues and
friends who assisted me in various processes to complete my research project.



Submission Format

As per the University of the Witwatersrand Faculty of Health Sciences guidelines, this
research report is being submitted in the following format: submission for publication ready

format.



Publication submission format
Type of article

Original research

Title of manuscript

The knowledge and practice of emergency department doctors in the management of
calcium channel blocker overdose in South Africa

Authors
Nakita Pluymers,' MBChB (UP), DipPEC (SA)

Victoria Sarah Stephens,"? MBChB (UCT) MMed (Emergency Medicine) (Wits) Cert
Critical Care (EM) (SA) FCEM (SA) DipPEC (SA)

Mike Wells,"* MBBCh, PhD, FCEM(SA), DipPEC(SA), FEMSSA

1. Division of Emergency Medicine, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg, South Africa

2. Emergency Department, Far East Rand Regional Hospital, Springs, South Africa

3. Florida Atlantic University Charles E. Schmidt College of Medicine, Florida, United
States of America

Corresponding author

Nakita Pluymers, Division of Emergency Medicine, Faculty of Health Sciences, University of
the Witwatersrand, Johannesburg, South Africa. Email: kita7337@gmail.com

Word, figure, and table counts

Abstract: 343 words

Manuscript: 3787 words

Number of tables: 4

Number of figures: 1

Conflicts of interest

The author declares no conflict of interests.
Funding

No specific funding was received for this study.
Author contributions

Author 1 (student) NP: Primary researcher, design, data collection and analysis,
manuscript write up, editing and review.

Author 2 (main supervisor) VS: Contributed towards review, revision, and approval of the
manuscript.

Author 3 (co-supervisor) MW: Contributed towards data analysis, review, and approval of
the manuscript

Vi



The knowledge and practice of emergency department doctors in
the management of calcium channel blocker overdose in South
Africa

Abstract
Background

Calcium channel blocker (CCB) overdose (OD) has the highest mortality rate in comparison
to other cardiovascular agents. The treatment of a severe CCB OD is challenging for
emergency doctors with limited literature even in developed countries. It is important that in
the South African (SA) setting that good knowledge and awareness of emergency doctors on
CCB OD'’s and their clinical presentations, would produce fewer patient mortalities.

Objectives

To explore the knowledge and practice of SA emergency department (ED) doctors, in both
public and private sectors, in the management of CCB OD as well as barriers and facilitating
factors they encounter when managing such patients.

Methods

A cross-sectional study was conducted among South African emergency medicine doctors
using a self-administered electronic survey. The survey contained 39 questions including
demographics and a combination of open, closed, case-based and Likert-scale based
multiple-choice questions as adapted from Brassard et al.

Results

A total of 119 doctors participated in the survey, 59 were state medical officers (MO), 30
were registrars and 30 worked in private EDs. The mean (SD) age of participants was 32.9
years (6.4). The mean knowledge (SD) score of all participants was 54% (13.3), which was
the lowest for public MOs (48%) and significantly higher for private MOs (58.4%) and
registrars (60.1%). Forty eight percent of participants didn’t know of any guidelines to treat a
CCB OD. Current practice of EM doctors showed that fifty-five percent of the group would
initiate HIET along with a vasopressor for CCB induced shock. Barriers to managing a CCB
OD were highlighted with unavailability of infusion pumps, understaffing in the unit, and a full
resuscitation unit being the most common with no significant differences between the
subgroups. Thirty seven percent of participants agreed that the most popular facilitating
factor was having past experience when managing a CCB OD.

Conclusion

This study has highlighted the need to address ED doctor knowledge gaps on CCB OD
management, further emphasising the importance of clinical toxicology education in South
Africa. Guidelines are needed to improve EM doctor practices to ameliorate patient
outcomes.



Introduction

Calcium channel blocker (CCB) overdoses are responsible for more fatalities than any other
cardiovascular agent in the USA, with an estimated 42% mortality rate in one report.!"!
Hypertension has a prevalence rate of 30.4% in South African (SA) adults and CCBs are
one of the recommended first-line therapeutic agents.?? CCBs are, therefore, found in many
SA households and could lead to overdose (OD).B# Deliberate self-poisoning is a significant
public health issue in developing countries®® and more studies need to be undertaken in SA
to improve patient care and outcomes.

The treatment of a severe CCB OD can be challenging for emergency doctors as often a
multimodal therapeutic approach is needed. ®! Such an approach can be divided into
supportive treatments; which include airway, breathing and circulation management; and
specific treatments, such as intravenous calcium, vasopressors, and high insulin
euglycaemic therapy (HIET). International and SA guidelines have encouraged the use of
HIET in severe CCB OD’s. An international expert consensus guideline was published to
assist in the treatment of CCB OD’s thereby reducing discrepancies in physician practice.
Following such a guideline has also shown improvements in cardiac output, blood pressure
and possibly increases in survival. [

International literature on the physician management of CCB poisoning is limited to
developed countries. In Canada, only 42% of CCB poisonings are managed according to the
poison control advice due to a lack of physician training in managing overdoses as well as
limited resources, which ultimately impacts patient care.[” An SA study done on deliberate
self-poisoning cases concluded that good knowledge and awareness of emergency
department health professionals on common poisonings would produce fewer patient
morbidities and mortalities.®! A knowledge and practice survey can be used to assess
whether doctors working in Emergency departments know of and adhere to guidelines in the
management of CCB poisoning.['"]

A knowledge and practice study was therefore performed to understand the current
knowledge and practice of emergency department (ED) doctors in the management of CCB
OD as well as the specific use of HIET. Differences in knowledge and practices between
doctors working in private and state departments were sought as well as between doctors of
varying experience. Barriers and facilitating factors to the management of CCB OD were
also studied with the aim to identify specific factors which were either lacking, needed
improvements or to guide the future implementation of protocols. ['"]

Methods

Study Design
This was a prospective observational cross-sectional study.

Participants and setting

The study population was a convenience sample in South Africa, consisting of three groups:
emergency medicine registrars, emergency medicine doctors working in private emergency
departments and medical officers (MOs) working in Emergency Departments (ED) in state
hospitals in Gauteng. All ED doctors willing to participate in the study were included and
doctors working in other departments and incomplete surveys were excluded. Sample size
calculation was based on the 5% significance level, 80% power and medium effect sizes
(Cohen’s d=0.4), for three subgroups, using paired statistical tests. This resulted in a
sample size estimation of 90 participants, 30 in each subgroup. Sample size calculations
were carried out in G* Power.



Data Collection

An electronic survey using SurveyMonkey®, was distributed via email and social media
advertising (Supplementary appendix A). In-person visits to both state and private
emergency departments were also done to invite interested medical officers and registrars to
complete the survey by sending them a survey link. The survey was self-administered.

Once the survey was completed, the participants were invited to watch an online Continuous
Professional Development (CPD) accredited webinar on the management of CCB OD at
their discretion. This would help bridge the gap in the doctor’s knowledge in management of
CCB OD'’s after taking the survey. The anonymity of the survey remained as this occurred
after the survey was taken and we had no access to who watched the webinar.

Informed consent was assumed by participants if they completed the online survey. The
survey contained 39 questions with a combination of open, closed, case-based and Likert-
scale based multiple-choice questions as adapted from Brassard et al., (Supplementary
appendix B).

Data analysis

The data was exported onto a spreadsheet (Microsoft Excel, Microsoft Office 365, Microsoft
Corporation). SPSS® Statistics version 27 was used to analyse the data. Descriptive
statistics for parametric variables of the sample population was used. For some parametric
data, a Chi-squared test of independence was performed, using a contingency table, to
assess whether two variables were independent or associated with each other. Closed-
ended questions for knowledge were scored according to a memo (Supplementary appendix
C). The total score was analysed by comparing the percentages scored of the three sample
groups, using means. A one-way ANOVA was then used to demonstrate differences
between the mean score of the groups. A Levene’s test was done with a p value of 0.035,
thus the Dunnett T3 post-hoc/multiple comparison test was used. The Kruskal Walis test was
used for unpaired non-parametric data. The open-ended questions were scored according to
a memo, or they were analysed qualitatively by finding and describing common trends
among the responses. This data was tabulated, and frequencies and column percentages
were used. Significance testing was set at the 95% confidence level with a p-value < 0.05
indicating statistical significance.

Ethical considerations

The study was approved by the Witwatersrand University Human Research Ethics
Committee (ref.no. M201053). Anonymity of the participants was maintained throughout the
study process and data was only accessible to the researchers.

Results

Demographics

A total of 119 doctors participated in the survey, of whom 59 were state MOs, 30 were
registrars and 30 were doctors working in private EDs. The mean (SD) age of participants
was 32.9 years (6.4), and the average years of experience was 4.7 years (3.7). Over the
past year, 42% of the sample population had not treated a CCB OD; 22.7% had only treated
one and 35.3% had treated two or more. Of note, 60% of doctors working in the private
sector had not treated a single CCB OD while the 56.7% of the registrar group had managed
2 or more CCB ODs within the past year, p=0.003. Forty-five percent of the group had used
HIET in CCB OD management before, with more registrars than public MOs and private
MOs having experience with HIET: 83.3% versus 32.2% and 33.3% respectively, p < 0.001.



Knowledge

The mean knowledge score of all participants was 54% (13.3) with 33.6% of the overall
group scoring between 60 to 70 percent. See figure 1. The mean knowledge score was the
lowest for public MOs (48%) and significantly higher for private MOs (58.4%) and registrars
(60.1%). There was a significant statistical difference in mean scores between registrar
subgroup versus the public MOs; as well as private MOs versus the public MOs, p < 0.001
and p=0.002. There was no statistical significance between knowledge score and different
years of experience (p=0.066).

Figure 1. Distribution of knowledge scores for the group overall
Knowledge percentage score classification
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Knowledge score

When asked which guidelines they use to treat a CCB OD, 48% of the group didn’t know of
any guidelines. Of those participants who did utilise guidelines, the most commonly used
were either international guidelines, the EM guidance app or a combination of resources,
see table 1 below. Most of the registrars (96.7%) responded that they learnt about HIET
while working in the ED rather than from journal articles, textbooks, or medical school. See
table 2.

Table 1. Guidelines used to treat a CCB OD

Total (n=119) Private Public Registrars
(n=30) (n=59) (n=30)

Unsure/l don’t 48.7% 46.7% 54.2% 40%

know

Afritox 0.8% 3.3% 0% 0%

International 10.1% 13.3% 5.1% 16.7%

guidelines

EM guidance 7.6% 13.3% 8.5% 0%

Hospital/ED 3.4% 3.3% 5.1% 0%

guidelines

Life in the fast 4.2% 3.3% 5.1% 3.3%

lane

NDoH 1.7% 3.3% 1.7% 0%

guidelines



SAMJ article, 5% 3.3% 3.4% 10%
Stephen et al.

Other 5.9% 3.3% 10.2% 0%
More than 1 8.4% 3.3% 3.4% 23.3%
source

None 4.2% 3.3% 3.4% 6.7%

Table 2. Where did ED doctors first learn about HIET

Total (n=119) Private (n=30) Public (n=59) Registrars
(n=30)

Workingin 68.9%  56.7% 61% 96.7%

ED

Journal 5% 13.3% 3.4% 0%

article

Colleagues 4.2% 10% 3.4% 0%

Medical 2.5% 0% 5.1% 0%

school

Textbook 2.5% 0% 5.1% 0%

| haven’t 12.6% 6.7% 22% 0%

heard

about it

before now

Other 3.4% 10% 0% 3.3%

Practices

When asked about their current practice in managing CCB OD, 29.4% of the group as a
whole would start a vasopressor as the sole form of cardiovascular support. Of the
subgroups, only 3.3% of registrars would initiate this therapy alone while 33.9% of public
MOs and 46.7% of private MOs would initiate a vasopressor as monotherapy, p <0.001. (In
Pearson chi square test resulted in 60% of cells having an expected count less than 5
therefore interpret p-value with caution) Fifty-five percent of the group would initiate HIET
along with a vasopressor for CCB induced shock, with more registrars (93.3%) choosing this
practice compared to public MOs (44.1%) and private MOs (40%). Starting HIET as
monotherapy for CCB induced shock was selected by just 5.9% of the group as a whole.

When questioned regarding their choice of vasopressor/inotrope, 97.5% of ED doctors
chose adrenaline. Dopamine (0.8%) and noradrenaline (1.7%) were less preferred by the
group. When asked about whether they seek advice on the management of CCB ODs,
63.9% of participants stated they would consult an EM physician for advice in comparison to
just 11.8% who would rather consult a poison centre, and 9.2% who would ask a more
senior doctor on the floor, p= 0.03.

Barriers and facilitating factors

The barriers and facilitating factors to managing CCB ODs and initiating HIET are described
in table 3. The most common barrier was the unavailability of infusion pumps (60.5%)
followed by understaffing in the unit (42.9%), the resuscitation area being full (32.8%) the
lack of an available consultant (26.9%) and the ED being busy (24.4%). There were no
significant differences between the subgroups. General facilitating factors included not
receiving criticism from colleagues when using HIET and past experience with CCB OD’s.



Table 3. Barriers and facilitators to initiating HIET in a CCB OD

CCB OD affect
decision to initiate
HIET

Factors Total Private Public Registrars p value
(n=119) (n=30) (n=59) (n=30)

General Barriers

Unavailable 26.9% 30% 32.2% 13.3% 0.150

Consultant

Lack of ICU beds 9.4% 33.3% 32.2% 20% 0.422

Unable to call poison | 5.9% 6.7% 8.5% 0% 0.269

centre

CVP confidence 11.8% 13.3% 13.6% 0% 0.605

Busy ED 24.4% 30% 23.7% 20% 0.657

Full Resuscitation 32.8% 30% 32.2% 36.7% 0.852

beds

Unavailability of 60.5% 53.3% 59.3% 70% 0.404

infusion pumps

Understaffing in the 42.9% 43.3% 37.3% 53.3% 0.351

unit

General Facilitators

Lack of criticism from | 13.5% 3.4% 3.4% 6.7% < 0.001

colleagues when

using HIET

Past experience with | 37.8% 46.7% 20% 66.7% < 0.001

Participants who had used HIET before were asked to describe barriers that hindered ease
of use of HIET in their setting as well as any facilitating factors, see table 4. Availability of
resources, concerns about complications arising from HIET, staff reluctance and lack of
familiarity with HIET were the most common barriers for the group overall. Availability of
resources was described as a barrier less often for Private MOs (20%) versus public MOs
(47.5%) and Registrars (50%). A common facilitating factor for those in the private sector,
who had used HIET before, was a previous experience of using HIET without complications.

(40%). The lack of criticism (13.5%) from colleagues when using HIET was seen as a

facilitating factor too.

Table 4. Barriers and facilitators for those who have used HIET before in a CCB OD

Barriers Totals Private Public Registrars
(n=53) (n=10) (n=19) (n=24)
Availability of 43.5% 20% 47.5% 50%
resources:
a)5.7% a) 0% a) 15.8% a) 0%
a) IV lines b) 3.8% b) 0% b) 5.3% b) 4.2%
b) HC/ICU beds c) 9.4% c) 0% c) 15.8% c) 8.3%
c) Infusion pumps d) 13.2% d) 10% d) 5.3% d) 20.8%
d) Staffing e) 11.3% e) 10% e) 5.3% e) 16.7%
e) Difficulty with
calculation of doses
and infusion rates
Staff reluctance 32.1% 20% 26.3% 40.7%




HIET unfamiliarity 24.5% 10% 15.8% 37.5%
Frequent monitoring 18.9% 0% 21.1% 25%
Initiating HIET late 1.9% 0% 0% 4.2%
Complications of HIET | 37.4% 10% 36.9% 50.1%
a) Hypoglycaemia
b) Fluid overload a) 17% a) 10% a) 21.1% a) 16.7%
c) Hypokalaemia b) 11% b) 0% b) 10.5% b) 16.7%
c) 9.4% c) 0% c) 5.3% c) 16.7%
Takes time to initiate 3.8% 10% 0% 4.2%
Facilitators
None: No problems 17% 40% 15.8% 8.3%

Discussion

This is the first formal assessment of ED doctors on their knowledge and practices in
managing a CCB OD in SA, and to our knowledge the only study reported from Africa. There
are a few major findings, some which are consistent with studies from developed countries
and some which are unique to our SA setting.

The mean knowledge score was 54% which is slightly higher than an international study
done by Monteith et al, with participants scoring 45.2%. Monteith et al also showed that EM
trainees, our registrar equivalent, scored significantly better with 82.3% in comparison to
CMOs (chief medical officers) with 65.4%."°! This comparison between the different sectors
was also seen in our study and shows a lack of knowledge as well as difficulty in knowledge
application especially in the public setting. Marks et al highlighted that high mortality rates in
acute poisonings is due to numerous factors, one being poor medical care, including the lack
of toxicological expertise among health care providers.'"” Maude St-Onge emphasised that
in managing unstable poisoned patients, doctors often report cognitive overload, and that
better knowledge of cardiovascular drug toxicity would improve patient outcomes."l In our
study there were practicing specialised EPs (emergency physicians) in both private and
public ED’s, and we postulated that the public MO’s had less academic exposure. In
comparison, registrars train in emergency medicine for four years full time in an HPCSA-
approved training post in academic institutions where the academic and clinical aspects of
emergency patient care are emphasised and thus the registrars were expected to score
above average on the knowledge component of the survey.['?

However, Bush et al highlighted that even Emergency Medicine residents were less
confident being tested on and in managing CCB toxicities.!"3 A large proportion of our
participants had not treated a CCB OD, even more so those doctors working in the private
sector. Van Hoving et al showed that cardiovascular medicine was the second highest toxin
ingestion with 12.8% of patients presenting to a SA public ED. ' It is possible that private
patients present with different parasuicide ingestions compared to what is seen in state
hospitals however, no data is available, and more research is needed in the private health
sector.

According to Maude-St Onge et al, there is an absence of formally recognised guidelines in
the management of CCB poisoning internationally ¥, this was also translated in our study
with 48.7% of the group not knowing about any guidelines. Clinical toxicology forms part of
EM and new diagnostic and treatment methods are constantly being developed and
updated.["® The need for standardised and updated guidelines was highlighted by Chiew et
al; that clinicians treating poisoned patients need an up-to-date accessible resource to aid
their management decisions using evidence-based medicine.!"®

The importance of guidelines in our SA setting is that this resource can be used by non-
expert clinicians such as junior doctors or those based rurally in to provide best medical



therapy to poisoned patients.['® One of the platforms available to overcome this challenge
are mobile medical applications. A South African study done by Kabanda et al, found that
87% of EM doctors used medical applications installed on their mobile devices to access
instant clinical guidelines.'""! Afritox® is a software system to help SA doctors to diagnose
and treat poisonings however, it was used by only 0.8% of the group. This could be due to
Afritox® Online requiring a personal annual subscription or that Afritox® Offline requires a
working computer, which is not always available in the state sector and an annual
subscription for private hospitals is required.!"®

The current literature for the management of CCB toxicity is limited with low to very low
quality of evidence available.['"! An expert consensus in 2016 summarised first line therapies
for CCB poisoning which included calcium administration, the use of adrenaline or
noradrenaline and HIET.F! A low percentage of our participants would start both inotropic
support and HIET as well as refer to the ICU, which shows that the majority are not aware
that HIET should be initiated early. This was also shown in Brassard et al’s study where
HIET therapy had the lowest adherence rate and that 38.9% of clinicians would rather use
vasopressors than early HIET initiation.l'® It is important to note that 83.3% of registrars
were more comfortable in starting HIET early when compared to public MO’s (32.2%) and
private MO’s (33.3%). This could be due to their academic teaching, rotations through ICU’s
or possibly more experience (56.7%) of having managed more than two CCB ODs over the
past year. The selection of vasopressors used in a CCB overdose should be guided by the
type of shock ['"'thus both noradrenaline and adrenaline are recommended. Most of the
group opted to use adrenaline, which is readily available in all SA ED’s as it is freely
available. For the small percentage of the group who opted for noradrenaline, it was either
private or registrars as it is not widely available in the public sector.

Most participants would call an EP for advice on managing a CCB OD, which according to
Monteith et al 70.4% of consultant EM physicians were confident in managing these
patients.®! A very low percentage of ED doctors would consult a poison control centre (PCC)
when having to manage a CCB OD. According to the WHO, PCCs are a scarce resource in
most African countries with only 17.2% of African countries having a PCC.I'"% SA only has
three Poisons Information Centres in the public sector, two of which are situated in the
Western Cape.?” Such resources are underutilised in SA and would assist with best
practices in managing acute poisoning and help in data collection for toxicovigilance and
surveillance.?%

In our study we identified a myriad of barriers. ED’s worldwide are notorious high-stress
environments due to large patient volumes, limited resources and overcrowding.?" Infusion
pumps were the resource reported as most frequently lacking; which according to Balaeni et
al only 53.9% of African clinicians always had access to syringe pumps in comparison to
100% of high income countries.?? For participants who had used HIET before, availability of
resources was found to be better in the private sector than in the public sector. This is
evidenced by SA having an unequal two-tiered health system; with a very well-resourced
private sector servicing 16% of our country’s population and a poorly resourced public sector
who serves 84% of the population.?*24 Moreover, the Human Science Research Council
(HSRC) disclosed an additional inequality with 59% of medical doctors working in the private
sector and only 41% working in public.l?® It can be postulated that departments in the private
sector function similarly to developed countries and public with that of a developing county.
In a comparative Canadian study, 28% of participants stated they had experienced general
resource limitations when initiating HIET.!"® Understaffing in South Africa is common, and
the healthcare profession has learnt to adapt to such circumstances. However, it is
sometimes impossible without adequate staff to give the best patient care. HIET is very
labour intensive and without adequate staff or resources, it is impossible to implement
safely. Furthermore, it is difficult to implement without the cooperation of colleagues who
may be sceptical of the treatment. Statistics from the Organisation for Economic Co-



operation and Development (OECD) show that SA healthcare is severely under-resourced
with 0.79 doctors per 1000 inhabitants in comparison to the world average of 3.37 in 2019.12%
Even in comparison to low-income countries, SA ranks only slightly above them.?®! South
African government has now added specialist medical posts, including EM specialists to the
critical skills list in August 2022 to avert this growing medical staff shortage.*”

Overcrowding in EDs is a worldwide public health issue, which has many confounding
factors as causes; one being an increase in toxicology-related ED visits which are resource-
intensive and have longer lengths of ED visits or hospital admissions.?®! Furthermore,
resuscitation efforts are delayed with overcrowding as staff are overburdened with patients
leading to poorer clinical outcomes and increased patient mortality.?®! Van Hoving et al’s
study on self-poisoning in the ED of Khayelitsha Hospital showed an OD with amlodipine
stayed the longest, 1350 minutes, in their resuscitation unit.l'¥ Consequently, policy makers
and health officials need to grasp the importance of the burden of toxicology in clinical
medicine in order to implement clinical toxicology courses which can be available for health
care workers; maintain and establish effective PCC’s as well as to employ clinical
toxicologists to assist with policies to manage poisoned patients to improve public health.2%
In order to further reduce self-harm incidence, the WHO recommends strategies for
recognition and management of mental health disorders as well as primary prevention,
including psychological and social support in communities.®" Facilitating factors in initiating
HIET in our study was that participants did not receive criticism from colleagues when using
HIET and past experience with CCB OD’s; which is comparative to Canadian literature which
showed 17% and 39% respectively.['”

Limitations

This survey data collection was started at the beginning of the COVID-19 third wave in SA
and could have been a confounding factor as a tremendous amount of pressure was placed
on all emergency departments resulting in a low response rate to the survey. This added to
the non-respondent bias, with either participants not initiating the survey from the email sent
or many incomplete entries of the survey. Data for surveys requiring prompting was not
collected which could attribute to response bias. Furthermore, the covid-19 pandemic
changed the pathology of patients presenting to the ED, which may explain why doctors in
the study had seen fewer CCB ODs during the previous year.

Conclusion

Multiple barriers to managing patients with CCB OD in the ED were found which included
limited resources, overcrowding and understaffing. This emphasised the importance of
clinical toxicology in South Africa; and the need for EM toxicology education, effective
PCC'’s, future recommendations for the training of clinical toxicologists, as well as mental
health care to improve public health. This study has highlighted the need to address
knowledge gaps on CCB OD management, especially by EM doctors working in the public
sector. Meanwhile, guidelines on how to treat such patients need to be accessible and up to
date to improve EM doctor practices to ameliorate patient outcomes.
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Appendix A

Social media Advert

ogy webinar on Calcium
2 ', 'jl‘:ha'riinel blocker

overdose in the ED

Please complete the following survey for my
MMED, which is focused on the knowledge,

attitude and practice of emergency department
doctors in the management of calcium channel
blocker overdose in South Africa.

Click on the following the link to participate in the survey:

Once the survey is completed
you will be able to access the free webinar.

CPD accreditation points for webinar guaranteed!

Appendix B
Self-Administered Questionnaire
Demographics

1. Do you work as an Emergency Department (ED) doctor?
o Yes: carry on with rest of survey
o No: please stop survey

2. What is your age? (years)
Insert number

3. Which ED do you work in?
o Public
o Private

4. Areyou a:

12



O O O O

Community service officer

Medical officer

Registrar

Other: please specCify..........c.coceviiiiinan..

How many years have you worked in an Emergency department?

Insert number

Knowledge

6.

I Y I O

N

O O O O O

Which of the following signs are common in a patient with toxic calcium
Channel Blocker overdose? Tick all that apply
Hypertension

Hyperglycaemia

Hypotension

Miosis

Hyperthermia

Depressed level of consciousness
Hyponatraemia

Other: please state

| don’t know

What is the minimum toxic dose of Amlodipine in a 70 kg adult?
20 mg

0,1 mg/kg

10 mg

5mg

| don’t know

The following questions (Q8-11) relate to the following scenario:
A 20-year-old female presents to the ED 12 hours after ingesting 60 tablets that

were prescribed for her grandmother’s hypertension. The patient’s vitals are
BP= 85/40 mm Hg, HR= 45 BPM, SPO2= 85% on Room Air and a GCS of 13/15.

Which initial general measures would you start on this patient? Tick 2:

N I

©

Give activated charcoal

Reliable intravenous access

Gastric lavage

Oxygenation using a non-rebreather mask
Start an N-acetylcysteine infusion
Cardiology consult

| don’t know

After acquiring further history from the patient’s escort, they show you 2 empty
10mg Amlodipine boxes. The patient repeat vitals are: BP= 84/42 mm Hg,
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OoooDoogooogoogadg

10.

O O O O O O

12.

HR=38 BPM, SPO2= 88% on a non-rebreather mask and her GCS has dropped
to 7/15. An arterial blood gas was done and shows the following results: pH:
7.12, PaCO2: 58mmHg, PaO2: 43mmHg, Na: 140 mmol/l, K: 4.2 mmol/l, Cl: 101
mmol/l, Ca: 0.89 mmol/l, glucose: 16 mmol/l, lactate: 5.2 mmol/l, BE: -12 mmoll/l,
Bicarb: 8 mmol/l. What specific therapies would you now use to treat this
patient? Tick all that apply:

2L 1V fluid bolus

Calcium replacement

20ml/Kg IV fluid bolus

Sodium replacement

Atropine boluses: up to 3 boluses in total

Amiodarone infusion

Adrenaline boluses: up to 4 boluses in total

Inotropic infusion

Intubation

High dose insulin euglycaemic therapy (HIET)

Glucagon boluses and infusion

| don’t know

The patient is now intubated and was started on an adrenaline infusion (0.5
Hg/kg/hr) and HIET (1 IU/kg/hour). The nursing sister is concerned as patient’s
vitals are: BP=88/53 mmHg, HR=48 BPM, SPO2= 94% on FiO2 of 60% and HGT
is 12mmol/l. Which of the following is most likely to improve the patient’s
clinical condition?

Increase FiO2 on the ventilator

Replace the patient’s glucose

Increase the HIET to 51U/Kg/hour and monitor blood pressure changes

Give 60mg of Lasix IV stat

Consider haemodialysis for the patient

| don’t know

. The patient remains hypotensive despite the adrenaline infusion and HIET,

which is currently running at 10 IU/kg/hr. What other therapies could you

consider administering to this patient? Tick all that apply:
[J Phosphodiesterase inhibitors

Amiodarone loading dose then infusion

Intralipid infusion

Cardiac pacing

Atropine infusion

Extracorporeal membrane oxygenation: ECMO

Albumin haemodialysis

| don’t know

Other: please state

OO0O0o0ooOoogooogao

Does glucagon play a role in treating calcium channel blocker overdose?
o Thereis norole
o There is a role, but shouldn’t be first choice

14



13.

14.

15.

16.

O O O O O O O O

17.

o Thereis arole as it improves mean arterial pressure
o ldon’t know

What is the maximum recommended amount of intravenous fluid that should
be given to a patient with symptomatic calcium channel blocker overdose?

10 ml/kg
20 ml/kg
30 ml/kg
40 ml/kg
50 ml/kg
60 ml/kg
| don’t know

O O O 0O O O O

What guidelines have been published to assist emergency doctors with
managing a patient with a CCB overdose?

Explain what you understand by the term high dose insulin euglycaemic
therapy (HIET) in the management of calcium channel blocker overdose?

Where did you first learn about HIET?
Medical school

Working in the Emergency Department
Colleagues

Social media

Textbook

Journal article

I have never heard about it before now
Other: please state

A 32-year-old male patient presents to your ED 8 hours post ingestion of an

unknown amount of Amlodipine. His vitals are: BP= 80/58mm Hg, HR= 40 BPM,

SPO2= 94% on Room Air and a GCS of 15/15. A CVP line has been inserted

and adrenaline infusion started at 0.1 ug/kg/hr. The patient has already

received a 20 ml/kg fluid bolus and 30 ml of calcium gluconate. When would

you consider starting HIET on this patient? Select one?

o |'would not start HIET on this patient

o Simultaneously with the adrenaline infusion

o Only after patient is accepted to ICU: 24 hours post ingestion of Amlodipine

o Once the patient has reached the maximum dose of the adrenaline infusion and
remains haemodynamically unstable

o Only if patient requires intubation

15



18.

-
©

O O OO O O O O O O O

23.

o Once the patient has required adrenaline 0.5 ug/kg/min and remains
haemodynamically unstable
o ldon’t know

Do you think there is strong evidence for the use of HIET as an effective
clinical treatment?

Yes

No

I’m not sure

. What are commonly reported side effects of HIET? Tick all that apply:

Hypoglycaemia
Hypocalcaemia
Hypomagnesaemia
Hypotension

Lactic acidosis
Hypernatraemia
Hypokalaemia
Hyponatraemia
Pulmonary oedema
Other: please state
| don’t know

. What is the starting dose of insulin used in HIET?

0.1 IU/kg/hr

0.05 IU/kg/hr

1 1U/kg/hr

Other: please state:
| don’t know

. What is the commonly accepted ceiling dose of insulin used in HIET?

1 1U/kg/hr
10 IU/kg/hr
16 IU/kg/hr
22 |U/kg/hr
| don’t know

. What is the maximum recommended inotropic infusion dose in a toxic calcium

channel blocker overdose patient?

What are the therapeutic end-points of HIET? Tick all that apply:
o Systolic blood pressure > 90 mmHg
o Heartrate > 40 bpm
o Acidemia resolution

16



Hyperglycaemia

Urine output: 1-2 ml/kg/hr

Improved mental status

Persistent cardiac conduction abnormalities
Other: please state

| don’t know

O O O 0O O O

Attitude

High dose insulin euglycaemic therapy (HIET) is considered a useful treatment strategy in
the management of CCB ODs. The rationale of HIET is that it reverses the cardiotoxicity in
patients in several ways. Insulin is a catecholeamine-independent inotrope, improving
myocardial contractility. Insulin also improves glucose uptake into cardiomyocytes, which is
important as glucose is the heart’s preferred energy substrate during stress. Insulin also acts
as a peripheral vasodilator, reducing afterload and hence improving cardiac output. HIET
should be initiated in symptomatic patients as early as possible to improve the
haemodynamics of a patient as well as to help taper inotropic infusions.

24. Has the above information influenced your decision to use HIET?

1 E |3 |4 | 5 |
No definitely not Yes definitely

25. A patient who has taken a toxic level of calcium channel blocker presents to
your ED. Despite IV fluids, calcium and inotropic infusion they remain
hypotensive.

Would you start HIET on this patient?

1 [2 3 [4 |5 |
No definitely not Yes definitely

26. Have any of your colleagues used HIET?
o No
o Yes:

If yes, indicate how it influenced your decision to initiate HIET yourself?

1 [ 2 3 [4 |5 |
Not at all influential Extremely influential

27. Have your colleagues ever criticised you for using HIET?
o No

o Yes

o | have not used HIET before

If yes, did it discourage your decision to initiate HIET
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1 2 3 [4 |5

Not at all Very much

28. What emotional responses (if any) do you experience when initiating a HIET?
Tick all that apply:

Apprehension

Fear

Anxiety

Delight

Distress

Joy

Other: please state

OO0 oogod

29. How confident are you to initiate HIET in a patient who has taken an overdose
of a calcium channel blocker?
1 E |3 |4 | 5
Not confident Very confident

30. Do you feel that HIET improves patient management? If yes, please provide a
short explanation for your answer.

o Yes
o No
Explanation:

31. How likely do you think it is that doctors will consider HIET as a standard

treatment?
K |2 [E | 4 |5 |
Not likely at all Very likely
Practice

The following section relates to the practice of emergency doctors in their current ED.
Please select your correct answer. There are no right or wrong answers.

32. How do you currently manage a CCB OD in your Emergency Department?
Start inotropic infusion

Start inotropic infusion and HIET and then refer to ICU

Start HIET

Refer immediately to ICU

O O O O
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33.

O

O
O
O
O

34.

35.

36.

O
O

o Do nothing

What specific vasopressor or inotrope do you prefer to initiate in a CCB OD?
Adrenaline

Dopamine

Phenylephrine

Dobutamine

Other: Please state

When managing a calcium channel blocker overdose, from whom / where
would you most likely seek advice?
o Internal medicine registrar
Emergency physician consultant
Poison centre
A more senior doctor on the floor
| would not seek advice
Other: please state

O O O O O

How many patients with a calcium channel blocker overdose have you treated
in the past 12 months?
Insert number

Have you used HIET before?
Yes
No

If yes, please describe any problems you encountered when using HIET.

37.

O O O O O O O 0O O O

w
[oo]

39.

Would any of the following resource limitations decrease the likelihood of your
decision to start HIET? Tick all that apply:
Unable to Call poison Centre

Unavailable consultant for advice

Lack of ICU beds

CVP line confidence

Busy emergency department

Full resuscitation bed status

Understaffing in the unit

Unavailability of medications needed
Unavailability of infusion pumps

Other: please state:

. Does your current work environment have the required resources and

expertise to effectively implement HIET?

Does your past experience with treating calcium channel blocker overdoses
affect your decision to initiate HIET? If so, how?
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Appendix C

Questionnaire Mark Score Sheet: Closed-ended Questions and Open-ended questions

Marks Participants
No Answers
(34) 213]4]5
Depressed
6 Hyperglycaemi | Hypotensio | level of 3)
' a n consciousnes
]
7. 20mg (1
Oxygenatio
Reliable IV n using poly
8. 2)
access mask
oxygen
Calcium 20ml/Kg IV Atropine Inotropic
9. . boluses: upto | . - Intubation HIET (6)
Replacement fluid bolus . infusion
3 in total
Increase the
HIET to
5IU/Kg/hr and
10. monitor blood (1)
pressure
changes
. - . Albumin
1. Phos_phqd_leste _Intral_lpld Ca@ac ECMO haemodialys 5)
rase inhibitors infusion pacing is
42 | Glucagon has 1)
no role
13. | 20ml/Kg (1
. . . To improve
15. !—hgh.dose euglycaemi Usgq in CCB myocardial @)
insulin a toxicity "
contractility
Simultaneously
with the
17 adrenaline (1)
infusion
19, Hypoglycaemia Hypokalae Hyponatraemi H_ypomagne 4)
mia a sia
20. | 1 1U/Kg/hr (1)
21. 22 |U/Kg/hr (1)
. No
.No maximum maximu
| potericdos of |
toxicology inotropi
c dose

2

0




patient/ No -

ceiling dose e
toxicolo
ay
patient/
No
ceiling
dose

SBP >90 Acidemia Urine output Improved

” i mental “)
mmHg resolution 1-2 mi/kg/hr status
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Appendix D

Online Webinar Presentation - https://prezi.com/v/gb9a6asztgwl/

- Cafciumi Channél Blocke? Quetdose
in ‘the Emergency Deparment

Di Naki’la P.Iuymers
MBChB (UP), DipPEC (SA)
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Histoly

- 20yr old male

- Presented to ED at 15h3z0
- History of ingesting multiple
tablets and mixed it with black
alpirim powder at 8AM that
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Symptoms

Now feeling:

- Dizzy

- Weak

- Lower abdominal pain

25



Signs

His vitals were as follows:
- Heart rate: 88 bpm
+ Blood Pressure: 81/27
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Identfications
Pasert ID
Patent Last Name
Farent First hame
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Blood Gas Values
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o8hoo
Ingested
Unknown
tablets

15h3o
Presented to
ED

19hoo
BP's
remained
low despite
fluid given

Amilopdine
as the
suspect

amlodipine besilate

Orol use

Calendar Pack
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Patient
moved to
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Consultant




islet beta cells




Directly antagonise the L-
type calcium channels
resulting in blocking
calcium entry into cells:
cardiomyocytes, vascular
smooth muscle cells and

islet beta cells
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Pharmacology

Calciym channel Blockers

¥

Dihy@:opgdgnﬁs Non-dihydropyridines
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€ BINDS to and BLOCKS NORMALLY, CALCIUM
CALCIUM (Ca?*) CHANNELS ENTRY LEADS to

i MUSCULAR CONTRACTION
[+]
\@ % (2]
Ca?"

j J==p MUSCLE CELLS
(s VASODILATION
| BLOOD PRESSURE

MUSCLE CELL

CALCIUM CAN'T ENTER




Calcium channel
blocker prevents
release of internal
calcium stores
into cell cytosol.

Heart muscle cell
does not respond to
calcium ion signal.

Non-dihydropyridines

Compartment
/ containing internal

calcium stores

N Calcium channel

_Caz*

Calcium channel
blocker

™~ Cytosol of cell

Treat angina and arrthymias

Examples: Verapamil, Diltiazem
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toach to CCB QD in the ED

» Calcium Channel
toxicity needs HC/ICU
« Asymptomatic
patients: cardiac
. ‘monitoring for 4-16
. hrs
sychiatric evaluation
needed (once patient
stable)
Address life-threatening effects

Other treament options
fo_consider
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Address life-threatening effects | |

- Early intubation and ventilation '
- ABC'’s B

- Insert CVP EARLY B
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Specific treatment§

+ Calcium Replacement
10% Calcium Gluconate 6oml OR
10% Calcium Chloride 2oml

+ Atropine
0.6mg every 2 minutes until a total
of 1.8mg

Glucagon boluses
No role

+ Vasoactive infusions

- HIET
High dose insulin-euglycaemic
therapy







- Commence 10% dextrose water infusion to
maintain normoglycaemia.

hanged to a 50% dextrose
s o —

High Dose
lnsulin—-Euglycaemic Thel‘apy

*Recomniegded high—dose insulin euglycaemic therapy profocol based on the elinical experience of the Western
Austtalian Tnxicn!ng,y Setvice, published cage Tepotts, reviews and animal studies [from Nickson and Liitle, 2009)

4. Maintence:

» Increase insulin infusion up to 10 IU/kg/
hour until haemodynamic stability
achieved




8
8
£
©
©
v
o
£
w
0
E
S
Q
o
>
)
L
=¥
w
=

Calcium Channel Blocker
Overdose

Inhibits L-Type Calcium Channels

In Pancreatic -Cells

In Myocardium and Vascular Smooth Muscles

| Insulin release
| Insulin sensitivity and glucose uptake by tissues

| Calcium influx in cells and release from
sarcoplasmic reticulum

Hypoinsulinemia and insulin resistance
(cornerstones of CCB cardiovascular toxicity)

| Actin=myosin=troponin complex

| lonotropy, dromotropy, and vascular tone

| Glucose uptake by myocardium and
VESCU|EF smooth muscles

Hypotension, shock, conduction delay,
and peripheral vasodilation

Prevents adequate use of glucose as
main energy substrate

Myocyte needs glucose as main fuel for energy
(instead of FFA in aerobic conditions)

Therapy failure results in further
hemodynamic compromise, shock, and death

as09n|6 pue ulnsul asop-ybiy Aq pancsdwi |1y




e

- Commence 10% dextrose water infusion to
maintain normoglycaemia.
This may be changed to a 50% dextrose
L3 - - wt®
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2. Continue therapy with:

ort-acting insulin infusion starting at ‘_.f_
1 /Hr and titr _ . al
- /,-ﬂ!r Kg/Hr every 3 ominute -
fpgp 3

- Commence 10% dextrose water infusion to
maintain normoglycaemia.
This may be changed to a 50% dextrose

E—
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infusionif re




ilin infusion starting at__ =%
 max of 10[U/ =

aintain normoglycaemia.

1is may be changed to a 50% dextrose
5 e -

fusion if required.

el

—

4. Maintence:

- Increase insulin infusion up to 10 IU/k
hour until haemodynamic stability

achieved




4. Maintence:

» Increase insulin infusion up to 10 [U/kg/
hour until haemodynamic stability
achieved
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High Dose
Insulin *Eug[ycaemic Thel‘apy

“Recommended high—dose insulin euglycaemic therapy profocol based on the clinical expetience of the Upestern
Australion Joxicology Setvice, published case repotts, reviews and animal sfudies (from Nickson and Little, 2009)

. 3
Fml

, P g e !
THERAPEUTIC END POINTS
@ ‘j

- Impgevement in Myocardial ejection fraction >50%
+ Improvement in BP >9ommHg SBP
+ Adequate HR > 60bpr :
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Complications From Complications From
Toxicity Treatment

: ) + Hypokalemia,
- Refractory cardiogenic hypoglycemia

and distributive shock Hyponatraemia and

- Pulmonary oedema hypomagnesia with HIET

- ARDS . ARDS

+ Severe hypoperfusion: + Arterial and venous

+ Mestenteric ischaemia thrombosis and limb
Myocardial infarction ischemia with interventions

- Acute Renal failure like ECMO

- Cardiac arrest
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Final Research Protocol

The knowledge, attitude and practice of emergency department doctors in the
management of calcium channel blocker overdose in South Africa

Dr Nakita Pluymers

2418919

MBCHB (Pret) Dip PEC (SA)

In fulfilment of the requirements for the degree of Master of Medicine (Emergency Medicine)

INTRODUCTION

Calcium channel blockers (CCBs) are commonly used to treat hypertension.
Hypertension has a prevalence rate of 30.4% in South African (SA) adults, and CCBs are
one of the recommended first-line therapeutic agents." Such a high prevalence rate
establishes that many patients need therapy; hence CCBs are found in many SA
households. It follows, therefore, that CCBs are widely used drugs and can potentially be
exploited in the form of overdose (OD).

CCBs are excellent antihypertensives, but when used in ODs, they can result in fatal
consequences. Admittedly, CCB pharmacology elucidates why toxic effects occur in ODs,
which causes haemodynamic instability in patients, leading to high rates of mortality and
morbidity if untreated. CCB ODs are responsible for more mortalities than any other
cardiovascular agent in the USA, with an estimated 42% mortality rate.? Clinically,
haemodynamic instability is defined as perfusion failure characterised by features of
circulatory shock.? The hallmark of CCB OD is circulatory shock caused by bradycardia,
poor cardiac contractility and profound peripheral vasodilatation.* Therefore; emergency
departments must have effective treatment therapies to prevent fatalities from CCB ODs.

The treatment of a severe CCB OD can be challenging to emergency doctors as often a
multimodal therapeutic approach is needed.® Supportive treatments include cautious
intravenous fluid administration, atropine boluses® or early endotracheal intubation;
especially patients presenting with altered mental status due to hypoperfusion or cardiogenic
shock with non-cardiogenic pulmonary oedema.”® Specific treatments for CCB OD’s target
either calcium concentration or the increase in cyclic adenosine monophosphate
concentration.® Intravenous calcium administration can be given; however, no
haemodynamic improvement has ever been clinically proven.® Inotropic infusions increase
cyclic adenosine monophosphate and should be initiated when patients are symptomatic
with signs of cardiogenic or distributive shock.*%® Nevertheless, such therapies are not
always effective in managing the cardiotoxicity of CCB OD’s, and HIET (High dose insulin
euglycaemic therapy) has become a well-recognised modality in these severe cases.®

High dose insulin euglycaemic therapy (HIET) is considered a useful treatment strategy in
the management of CCB ODs.*>%%10 The rationale of HIET is that it reverses the
cardiotoxicity in patients and should be initiated in symptomatic patients as early as possible
to improve the haemodynamics of a patient as well as to help taper inotropic infusions.*562:10
International and SA guidelines published have encouraged the use of HIET in toxic CCB
OD’s. An international expert consensus has a guideline to assist in the treatment of CCB
OD’s thereby reducing physician practice discrepancies, which have also shown
improvements in cardiac output, blood pressure and possible increases in survival rates of
patients.'® Moreover, a SA clinical update of the emergency management of CCB OD*
promulgated that HIET has become the mainstay treatment of toxic CCB OD’s. Therefore,
guidelines for emergency doctors exist for the early therapeutic use of HIET in toxic CCB OD
patients.
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It is vital in CCB toxicity that the treating physician’s knowledge on how to manage, stabilise
and treat such patients are well comprehended. Knowledge refers to the awareness of a
condition, for example, the underlying treatment recommendations and scientific rationale.
This awareness of CCB toxicity will enable the clinician to follow recommendations to its
therapy and help to improve patient outcomes. That being said, doctors’ knowledge about
the management CCB OD is linked to their attitude in this regard.

A preconceived notion towards CCB OD’s and the subsequent management thereof is also
of clinical importance, meaning the attitude of a doctor plays a critical role in patient
management. Doctor attitudes towards managing CCB OD'’s can be defined as an
evaluation where it is a non-tangible variable between the OD, and the response to the
OD." The complexity of this treatment is essential to highlight as it may have a role in
defining doctor attitudes towards it. For example, treating physicians may have a negative
attitude towards parasuicide patients, thereby impacting their care with undesirable results.
Furthermore, reluctance from treating physicians can include lack of training and the
uncertainties of therapies which could lead to poor patient outcomes.

Doctor practices are dependent upon the above two mentioned variables, namely knowledge
and attitude. Without awareness and correct beliefs, on CCB OD’s and the use of HIET in
the initial management, the attending physician will not implement effective practices in the
treatment of such patients. This denotes that the action a clinician takes in treating CCB
OD’s is based upon the combination of their knowledge and attitudes on this subject
matter.® All three constituents play a role in how doctors will treat CCB OD’s and affect
patient outcomes.

International literature on the physician management of CCB poisoning is limited to
developed countries. In Canada, only 42% of CCB OD’s are managed according to the
poison control centre’s recommendations.’"'* A USA study reported similar results.™ It
follows that these results are due to a lack of physician training in managing overdoses as
well as limited resources, which ultimately impacts patient care.® Deliberate self-poisoning is
a significant public health issue in developing countries'” and more studies need to be
undertaken in SA to establish results which would improve patient care and outcomes.

In contrast, SA has no information on how doctors working in emergency departments
manage CCB OD’s, nor is there any research on whether HIET will be implemented in these
management plans. Furthermore, there is no evidence of what specific negating or
constructive influencing factors that exist. It is hypothesised that specific barriers could
include a lack of physician knowledge on the toxicology and management, the fear of using
such high insulin infusion doses, the unfamiliarity of using inotropes and the unknown fact
that patients can initially present asymptomatic and deteriorate later. Other barriers also
include the lack of resources such as multiple infusion pumps, nursing staff, and the
availability of intensive care beds. A SA study done on deliberate self-poisoning cases
concluded that good knowledge and awareness of health professionals on poisoning and
their toxidromes would produce better patient outcomes through clinical research.’

Although randomised control trials (RTCs) represent the gold standard in research design,
trials in deliberate self-poisoning are underpowered. It follows that RCT’s evaluating
antidotes cannot be undertaken for ethical and legal reasons.'®?° To assess whether doctors
working in Emergency departments adhere to guidelines in the management of CCB ODs,
one should consider a KAP survey. Such a survey measures the knowledge, attitude and
practices of a population. It is a representative study of a specific population to collect
information on what is known, believed and done concerning a topic.?! Information gathered
would be able to identify specific areas which are lacking, need improvement or
implementation of protocols.?'



Therefore, a study assessing knowledge, attitudes and practices of medical doctors in the
management of calcium channel blocker overdose in the Emergency Department (ED) will
be researched.

STUDY AIM AND OBJECTIVES

Study Aim: To describe the knowledge, attitudes and practices of medical doctors in the
management of calcium channel blocker overdose in the Emergency Department.
Study Objectives:
1. To describe the knowledge, attitude and practices of emergency department doctors
in the management of CCB overdose.
2. To describe the knowledge, attitude, and practices of ED doctors in the use of HIET
in CCB overdose.
3. To describe the barriers and facilitating factors to HIET use by doctors in the
Emergency Department.
4. To compare the knowledge, attitudes and practices of CCB management by medical
officers working in public emergency departments, private emergency departments
and Emergency medicine registrars.

METHODS

Design

The study proposed is a prospective observational cross-sectional study.

Study population and sample

1. Study site

The survey will be solely electronic-based, using SurveyMonkey®, with an invitation
email to the selected study sample. Once the survey is completed, the participants
will be invited to watch an online Continuous Professional Development (CPD)
accredited webinar on the management CCB OD at their discretion.

2. Study sample
The study population will be a convenience sample and will consist of the following three
groups:
e Emergency Medicine registrars in the division of EM at the University of the
Witwatersrand.
o Emergency Medicine doctors working in two private Emergency Departments
groups: ER consulting and Nay, Wells, Hutton Piccolo Inc.
e Emergency Medicine medical officers working in Emergency Departments in
State hospitals.

Inclusion criteria:
1. All Emergency department doctors willing to participate in the study.
Exclusion criteria:
1. Incomplete surveys
3. Sample Size
An estimated sample size of 90 participants will be aimed for with a breakdown of 30
participants in each group as specified in the convenience sample population.
Methods and data collection
For the methodology of the study, see appendix A, the following steps will be undertaken:
1. ldentification of participants and correspondence
| will identify participants by using the following steps:
1. Division of the Emergency Medicine Wits registrars will be sent an invitation email to
the survey with a link to the CPD accredited webinar. See Appendix B.
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2. | will send ER Consulting Inc. and Nay, Wells, Hutton, Piccolo Inc. practice
consultants an informal email with information on the survey and the CPD accredited
webinar to send to their staff members. See Appendix C.

3. | will also send an informal email with information on the survey, and the CPD
accredited webinar to send to state-employed medical officers. See Appendix C.

4. For both convenience samples in private and public ED’s, | will also advertise the
survey with the CPD accredited webinar on social media for such doctors to partake.
See appendix C.

5. The study population consisting of the private practice ED’s will be identified by those
doctors responding to the informal email sent by their practice manager, by clicking
on the link to the online survey.

6. The study population consisting of the state ED’s will be identified by those doctors
responding to the informal email sent to them, by clicking on the link to the online
survey.

7. The study population which will respond to the social media advert will be identified
as those clicking on the link to the online survey.

8. The invitation email will be sent to prospective participants outlining the survey. This
email will describe who the researchers are, the University they are affiliated to, the
purpose and aim of the research, how long the survey will take and the online survey
link as the body of the email.

9. If the responses from the above methodology did not receive an adequate response
for the estimated study sample size, a second round of identification will be done. |
will go in person to both state and private emergency departments and invite
interested medical officers to complete the survey. | will explain to prospective
participants what the survey is about and how their responses will be anonymous
and not be shared with neither their employers nor any other external parties. | will
explain that participation is purely voluntary, and they have the right to withdraw or
refuse participation at any stage. The participant may choose to either complete the
survey on a tablet that | will provide or if they would prefer to use their own electronic
device, | would send them the survey link via a message in order for them to
complete it on their phones or they could scan the QR code | would provide.

. The survey

| will ensure the online survey link will be included in the invitation email. This online
survey will be hosted by SurveyMonkey®, which is an online software and questionnaire
tool, which will be self-administered.
During the analysis of the survey, | will ensure that all the responses will always remain
anonymous by not capturing personal data in the survey.
Informed consent will be assumed by participants if they complete the survey.
The survey will be designed in such a way that participants will be prevented from going
back to previous questions and editing their responses on those questions.
It will contain a combination of open, closed and case-based multiple-choice questions
as adapted from Brassard et al., see appendix D. It is important to note that the Brassard
et al questionnaire was a semi-structured interview of specialist intensivists with the
purpose of identifying barriers and facilitators to adherence to poison control centre
recommendations for CCB intoxication."” The questionnaire has been adapted and is
now self-administered with the purpose of identifying emergency doctors’ knowledge,
attitude and practices in managing patients with a CCB overdose. The breakdown is as
follows:

1-5: demographics

6- 23: knowledge

24-31: attitudes

32-39: practices

4. Webinar on CCB OD management
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1. Once the survey has been completed, the participant will receive an automated thank-
you email which will contain the webinar link to view at their discretion.

2. | will host a pre-recorded webinar using Prezi® to educate participants in the emergency
management of CCB OD in the emergency department. The webinar will focus on a
case study based on a patient presentation and will highlight the pathophysiology,
toxicodynamics, general management and specific management of a CCB OD lasting
about 40 minutes in total.

5. CPD accreditation

There will be an optional CPD accreditation by Wits DEM once the webinar has been

completed if participants wish to provide credentials and personal information. The

anonymity of the survey will remain as this will occur after the survey has been taken.

Variables

Dependent variables will be knowledge, attitude and practices. In contrast, the independent

variables include where the emergency doctors work, either in the state, private practice or

specialising as an emergency medicine registrar, the doctor’s level of experience and their
exposure to CCB OD cases.

DATA ANALYSIS

All data will be captured from the data collection forms and questionnaires and entered onto
an electronic spreadsheet (Microsoft Excel, Microsoft Office 2015, Microsoft Corporation).
Statistica will be used to analyse the data. The survey contains an array of different
questions, including closed-ended, open-ended, multiple-choice and Likert-scale questions.
Closed-ended questions will be scored, and one mark will be given for every correct answer
according to a memo, see Appendix E. For all the scored “knowledge” questions a total
score of 34 marks will be used. This total score will be analysed by comparing the proportion
or percentage scored out of the total, of the 3 sample groups, using inter-quantile ranges or
medians. The open-ended questions will either be scored according to a memo, or they will
be analysed qualitatively by finding and describing common trends among the responses.
For the multiple-choice questions, categorical data will be analysed using percentages and
compared against the 3 sample groups. Discrete numerical data will be used for the total
number of patients seen and analysed using a mean. The Likert-scale questions will be
analysed by comparing the medians between the 3 sample groups.

Source of Bias

Respondent loss bias could be a source of bias where emails with links to the survey will not
be taken as the participants might not participate in the study. Limitations to this online
survey include a poor response as emailed questionnaires generally have a low response
rate possibly due to the length of the questionnaire. Recall bias may occur as participants
rely on their memory of events and may, therefore, omit details. Furthermore, incomplete
entries of the survey could add to the limitations of this study, as participants may not
complete or leave out certain questions.

ETHICS

The ethical principles of confidentiality will be maintained at all times during the study. Ethics
clearance will be obtained from the University of the Witwatersrand’s Human Research
Ethics Committee.
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TIMING
Gantt Chart: adapted from Aldous et al. 2016

Actions Jan | Feb | June | July | Sept | Oct June- | Nov | Nov- | Feb
2020 | 2020 | 2020 | 2020 | 2020 | 2020- | Oct 2021 2022

Jan 2021
2021

Define

Research

Question

Literature

Review

Monitor

Literature and
add to review
Research
Week

Refine protocol
with supervisor
Submit protocol
to DRAG
Submit protocol
for ethics
approval

Await study
approval

Data

collection
Finalisation of
data collection
Data

Analysis
Refine article
with
supervisors
Submit article
for publication

FUNDING
The researcher will bear any incidental expenses.

Item Description Cost

Survey Monkey R7020

Printing and Ink R1000

Prezi R600

Statistician: analysis of data | R5400

Internet: data R1245

Total Project cost R15 265
PROBLEMS

The Covid-19 Pandemic has cancelled many conferences and academic gatherings due to
the nature of transmission of the virus. Therefore, only electronic surveys can be utilised in
this instance.

xiii



REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Seedat Y, Rayner B, Veriava Y. South African hypertension practice guideline 2014.
Cardiovasc J Afr. 2014 Nov-Dec;25(6):288-294.

Gummin DD, Mowry JB, Spyker DA, et al. 2017 Annual Report of the American
Association of Poison Control Centers’ National Poison Data System (NPDS): 35th
Annual Report. Clin Tox. 2018;56:12, 1213-1415.

Weil M.H. Defining Hemodynamic Instability. In: Pinsky M.R., Payen D. (eds)
Functional Hemodynamic Monitoring. Update in Intensive Care and Emergency
Medicine. Berlin, Heidelberg. Springer: 2005

Stephen VS, Pluymers NA, Gauton SJ. Emergency management of calcium channel
blocker overdose. S Afr Med J.2019 Aug;109(9):635-638.

Graudins A, Lee H, Druda D. Calcium channel antagonist and beta-blocker overdose:
antidotes and adjunct therapies. Br J Clin Pharmacol. 2016 Mar;81(3):453-61.
Kumar K, Biyyam M, Bajantri B, Nayudu S. Critical Management of Severe
hypotension Caused by Amlodipine Toxicity Managed With
Hyperinsulinemia/Euglycemia Therapy Supplemented With Calcium gluconate,
Intravenous Glucagon and Other Vasopressor Support: Review of Literature. Cardio
Res 2018;9(1):46-49.

Rietjens SJ, de Lange DW, Donker DW, Meulenbelt J. Practical recommendations for
calcium channel antagonist poisoning. Neth J Med 2016;74(2):60-67.

Siddiqi TA, Hill J, Huckleberry Y, Parthasarathy S. Non-cardiogenic Pulmonary
Edema and Life-Threatening Shock Due to Calcium Channel Blocker Overdose: A
Case Report and Clinical Review. Respir Care 2014;59(2)e15-e21.

Lashari B, Minalyan A, Khan W, et al. The Use of High-dose Insulin Infusion and
Lipid Emulsion Therapy in Concurrent Beta-blocker and Calcium Channel Blocker
Overdose. Cureus. 2018;10(11): e3534.

St-Onge M, Anseeuw K, Cantrell FL, Gilchrist IC, Hantson P, Bailey B, et al. Experts
consensus recommendations for the management of calcium channel blocker
poisoning in adults. Crit care Med. 2017;45(3):226-30.

Brassard E, Archambault P, Lacombe G, St-Onge M. Barriers and Facilitators of
Intensivists’ Adherence to Hyperinsulemia-Euglycaemia Therapy in the Treatment of
Calcium Channel Blocker Poisoning. J Med Toxicol. 2018;14:283-294.

Me decins du Monde. The KAP survey model. 2011. Available online at:
http://www.medecinsdumonde. org/Publications/Guides-a-l-usage-des-
professionnels-del-humanitaire/Guide-Collecte-de-donnees.- Methodologies-
qualitatives.Accessed on 6th February, 2020

Kaliyaperumal K. Guideline for conducting a knowledge, attitude and practice (KAP)
study. AECS lllumination. 2004;4:7-9.

St Onge M, Archambault P, Lesage N et al. Adherence to calcium channel blocker
poisoning treatment recommendations in two Canadian cities. Clin Tox. 2012;50:
424-430.

Darracq MA, Thornton SL, Han MD et al. Utilisation of Hyperinsulinemia Euglycemia
and Intravenous Fat Emulsion Following Poison Center Recommendations. J Med
Toxicol. 2013;9(3): 226-230.

St Onge M, Chun-Po SF, Blais R. Impact of Training and Practice Setting on the
Physician’s Opinion Regarding the Treatment of Calcium Channel Blocker Poisoning:
A Survey of Emergency Physicians. Open J Clin Toxicol.2016;1(1): 001-006.
Benedict MOA, van Loggerenberg CJ, Steinburg WJ. S Afr Fam Pract.
2019;61(1):11-17.

Kapur N, Cooper J, Hiroeh U et al. Emergency department management and
outcome for self-poisoning: a cohort study.General Hospital Psychiatry. 2004;26: 36-
41.

Isbister GK, Buckley NA. Therapeutics in clinical toxicology: in the absence of
strong evidence how do we choose between antidotes, supportive care and masterful
inactivity? Br J Clin Pharmacol. 2016;81: 408-411.

Xiv



20. Whyte IM, Buckley NA, Dawson HA. Data collection in clinical toxicology: Are there
too many variables?* Journal of clinical toxicology. 2002; 40(3): 223-230.

21. Advocacy, communication and social mobilisation for TB control: a guide to
developing knowledge, attitude and practice surveys. WHO/HTM/STB/2008.46
Available online at: https://www.who.int/tb/publications/tb-advocacy-report/en/.
Accessed on 6™ February, 2020.

XV



APPENDIX

A- Cross-Functional Flow Chart

B- Information: Invitation email

C- Informal Email/ Social media Advertisement
D- Questionnaire

E- Questionnaire mark sheet for closed-ended questions

XVi



Appendix A: Cross-Functional Flow Chart
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Appendix B: Invitation email

The knowledge, attitude and practice of emergency department doctors in the
management of calcium channel blocker overdose in South Africa

Dear doctor,

My name is Nakita Pluymers, and | am an emergency medicine registrar. You are invited to
complete the following survey for my MMED, which is focused on the knowledge, attitude
and practice of emergency department doctors in the management of calcium channel
blocker overdose in South Africa. One of the reasons for doing this project would be to
gather information from such a survey in order to identify specific areas which are lacking,
need improvement or need implementation of protocols.

Please click the link at the end of this email to start the survey. This will take approximately
20-30 minutes to complete. The survey will maintain complete anonymity. It is important to
note, once you have submitted your answer(s) for each question you will not be able to
review and edit your answer(s). Once the survey has been completed, an email will be sent
to you with a link to a pre-recorded webinar, lasting 30 minutes, on the emergency
management of calcium channel blocker overdose in the emergency department to watch at
your discretion. If you wish to obtain CPD points for the webinar, please email
ishmael.hlungwane@wits.ac.za with your credentials, your full name and surname and
HPCSA number, for the CPD accreditation. Full anonymity will remain as WITS DEM will not
have access to the survey results.

This study has been approved by the Human Research Ethics Committee (Medical) of the
University of the Witwatersrand, Johannesburg (“Committee”). A principal function of this
Committee is to safeguard the rights and dignity of all human subjects who agree to participate
in a research project and the integrity of the research.

If you have any concern over the way the study is being conducted, please contact the
Chairperson of this Committee who is Professor Clement Penny, who may be contacted on
telephone number 011 717 2301, or by e-mail on Clement.Penny@wits.ac.za. The telephone
numbers for the Committee secretariat are 011 717 2700/1234 and the e-mail addresses are
Zanele.Ndlovu@wits.ac.za and Rhulani.Mukansi@wits.ac.za

Participation in this study is voluntary, and you can withdraw at any time. If after reading this
email, you decide against participating in the study, please be assured that any further
treatment will not be affected. If you have further questions, please ask me.

Thank you for reading this Study Information Sheet.

Kind Regards,
Dr Nakita Pluymers

Email: 2418919@students.wits.ac.za
Cell:0722250582
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Appendix C:

See page 12 of publication submission format.

Appendix D:

See page 12 of publication submission format.

Appendix E:

See page 20 of publication submission format.
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