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“Worry is a thin stream of fear trickling through the
mind. If encouraged, it cuts a channel into which all
other thoughts are drained.”

Arthur Somers Roche (1883-1935)

American writer
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Editorial

Pandemic Preparedness: Nationally-Led Simulation to Test Hospital Systems

Lionel HW Lum, 'msss mrce wr), Hishamuddin Badaruddin, suss, aer; ravs, Sharon Salmon, 3sx, mer, pin, Jeffery Cutter, 2usss,
mmted (P, Eams, Aymeric YT Lim, “umsss, rres Glasgow, rams, Dale Fisher, “Supss, rrace pruen

Introduction

Cities thatreceive large numbers of international travellers
are particularly vulnerable to outbreaks of emerging
infectious disease with pandemic potential.! Secondary
transmission of Ebola virus disease (EVD) occurred when
travellers from West Africa infected healthcare workers
in Europe and the United States in 2014.>* Middle East
respiratory syndrome (MERS) coronavirus has also caused
secondary outbreaks due to travel by infected individuals.
While most of these distant outbreaks of MERS have to
date been quickly confined, South Korea experienced 185
laboratory-confirmed cases involving 5 generations of
transmission over 6 weeks.* In Singapore, the Nipah virus
in 1998t0 1999, severe acute respiratory syndrome (SARS)
coronavirus in 2003 and influenza A/HINI1 in 2009° not
only had a major impact on the health of its population
and notably its healthcare workers, but also more broadly,
affected the economy.

EVD outbreaks have occurred regularly in Africa.
They have been invariably controlled and halted using
conventional infection control practises.® However, the
2014 to 2015 EVD outbreak was the largest and the first
to leave African shores. The risk of EVD to countries
outside of Africa was a concern shared by many health
administrations, including those of Singapore.

There is an expectation in Singapore that each healthcare
facility will be prepared for the presentation of a traveller
with a novel transmissible infectious disease. The
cornerstone of providing safety against an infectious disease
threatis early identification of a suspect case through robust
triage mechanisms at potential sites of patient presentation
followed by the institution of rigorous infection prevention
and control precautions. Facility-level preparation is
typically undertaken by individual healthcare facilities and
their key stakeholders. Table 1 shows a generic checklist

ofrequirements for hospital preparation, encompassing in-
house evaluations using “table-top” (theoretical) exercises,
quality and process improvement “walkabouts”, and
department-specific simulation exercises.

Tomitigate the threat posed by EVD, the Ministry of Health
(MOH), Singapore undertook a series of “walkabouts” to
assess institutional readiness in most major public and
private hospitals across the country during the latter part of
2014. To further test and facilitate enhancement of systems,
MOH subsequently undertook full scale national simulation
exercises collectively called Exercise Sparrowhawk.

National Simulation Exercise

Prior to the exercises, hospitals were required to submit
a copy of their hospital preparedness standard operating
procedures to MOH for review. MOH officials and selected
external infectious diseases physicians and infection control
nurses formed the planning and evaluation team. Preparation
commenced 3 months prior to the actual simulations. The
team created a timeline for each scenario (an example is
shownin Figure 1), developed acomprehensive assessment
checklist and had selected MOH staff rehearse the roles of
the EVD patient and relatives in respective scenarios. The
checklist (Appendix 1) assessed the following domains:
Response (Box 1), Personal infection control practices
(Box 2), Communications (Box 3), Surveillance and
epidemiology (Box 4) and Contact tracing (Box 5). The
set of checklists could be adapted to assess performance at
different hospital sites based on how the scenario evolved.

Aseries of 3 scenario-based exercises was conducted in 3
public hospitals between December 2014 and March 2015.
Hospitals were informed of the exercise 3 hours prior to
commencement to ensure that measures could be instituted
to minimise disruption of routine healthcare. Each hospital
was tested on a different date, using a different scenario.
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Table 1. Hospital Preparation for Ebola Outbreak

Domains Requirements

Key representatives from Infectious Diseases, Infection Control, Epidemiology, Laboratory, Hospital Operations,
Corporate Communications, Emergency department, Wards, Intensive Care units, outpatient clinics, operating
theatres, Radiology department, Environmental Services, Security, Porters

Establish outbreak preparedness
taskforce

Personal protective equipment Protocols for donning and doffing, training of staff, availability of stock

Assess capacity for:

. Isolation of suspect cases in Emergency department, critical care facilities and general wards
Infrastructure and logistics c Safe inter-hospital transfer of a patient
. Safe testing of specimens

. Safe environmental cleaning and waste disposal
. Rapid response team led by Infection Control for urgent advice with attendance, as required

All departments that could be exposed to suspect case: Emergency, inpatient wards, outpatient clinics,
Laboratory, Environmental Services, Mortuary, Communications, Epidemiology

Establishing and practising .
workflows
. Consider compiling workflows into a manual containing standard operating procedures

Contact tracing and surveillance

The Epidemiology department to oversee contacts
system

Establish information sharing protocols prior to and after any case, involving the patient/next-of-kin, internally

icati . . ..
Communications amongst hospital staff and externally with Ministry of Health

Human resource Contingency plans to sustain routine healthcare

Table-top exercise Multidisciplinary meeting to discuss and finalise workflows

. Aims to test the system and workflows, and to identify gaps
Planning of case scenarios
. Assessment checklist, evaluators and exercise controllers

Unannounced simulation exercise .

were divided between the team to ensure that an evaluator
was witness to each assessment criteria.

The first simulation exercise involved a case identified
in the emergency department that required transfer to

the isolation ward (Fig. 1). A second scenario involved a An exercise debrief was conducted immediately at the

patient identified late in an open general ward after surgery.
A third scenario involved a vomiting child who required
interhospital transfer. A total of 5 exercise controllers, 3
actors and 10 evaluators facilitated each exercise. Tasks

ISOLATE IN
EMERGENCY DEPARTMENT

INFORM BRIEFING OF PATIENT PRESENTS WITH
HOSPITAL CONTROLLERS NEXT-OF-KIN AT ED TRIAGE

& EVALUATORS

HOTWASH/DEBRIEF EXERCISE CUT TRANSFER TO ICU

Fig. 1. An exercise timeline.

22> 000 O

e O S
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UNSTABLE

conclusion of the scenario. This facilitated discussion that
covered all aspects of the exercise performance and included
the hospital staff, senior management and the evaluation
team. Thisalso included an interview and feedback from staff

ENVIRONMENTAL
CLINICAL DECONTAMINATION
MANAGEMENT & WASTE DISPOSAL
SAFE LAB

PPE PROCESSES COMMUNICATIONS

CONTACT TRACING

4pm
TRANSFER TO
ISOLATION WARD

CLINICAL MANAGEMENT PATIENT VOMITS

EBOLA PCR®

(NOTIFICATION PROCESSES) IN ISOLATION WARD

* ENVIRONMENTAL CLEANING
SERVICES ACTIVATED
* PPE

* WASTE DISPOSAL
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involved in the prolonged care of an EVD patient, focusing
particularly on their physical and emotional well-being. The
evaluation team later produced a detailed presentation on
the findings and recommendations by way of feedback to
hospital management as well as a written evaluation report.
Hospitals were required to provide plans for rectification a
month after receipt of the report.

In general, all hospitals were assessed as having robust
preparedness systems to respond to a potential EVD patient.
Some typical key recommendations following the exercise
included:

*  Scheduled ongoing training on personal protective
equipment(PPE)andenvironmental decontamination;

*  Clearer communication with the patient, next-of-kin
and other healthcare workers;

»  Further details for contact tracing information;

*  Limiting the number ofhealthcare workers in contact
with the suspect patient; and

*  Provision of staff time limit when wearing full PPE
to avoid staff exhaustion and overheating.

Conclusion

Nosocomial transmission of Ebola in Europe and the
United States®* highlighted the risk for secondary spread
within hospitals distant from Africa even with single
imported cases whose diagnosis was already known to
hospital staff. Having systems and workflows in place is
not sufficient. These need to be tested with gaps identified
and rectified. Instituting preparedness activities such as
simulation exercises is an ideal tool for this purpose.” Each
hospital simulation required approximately 250 man-hours
from the evaluation team in preparation for and undertaking
of the event plus to generate the post-exercise report.
Although this was moderately time-consuming and labour
intensive, this increased familiarity with workflows, tested
the coordination of workflows between different disciplines
and allowed the identification of gaps.

It is inevitable that healthcare facilities particularly in
countries well-connected globally will remain vulnerable
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to pandemic threats. Looking beyond the EVD outbreak,
Singapore is equipped with an improved infrastructure and
workflows that can be adapted for future pandemic threats.
Roles and responsibilities within hospitals are clearer. The
need to be prepared has facilitated amore generic awareness
and state of readiness in Singapore, crystallised by a series
of large scale simulation exercises.
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Appendix 1
Assessment Checklist

Box 1: Response

1. Clinical Management

Clear command and control line for the clinical management of the suspect case

System to carry out temperature screening of patients.

System to identify febrile patients and suspect case. (TRIAGE)

System to achieve immediate and effective local isclation by physically isolating the suspect case from other patients by
at least 1 metre.

System to activate the Infection Control Response Team (team competent and trained to handle the patient).

System to transfer and hand over clinical management to ICRT (if applicable)

g. System to reduce exposure to staff ( minimum number required to attend to patient)

ooow

~hom

2. Infection Control Response Team { ICRT)
a. System to pre-determine composition of the ICRT. (EMD is adequately staffed with personnel trained in PPE per shift)
Name list with contact particulars of identified ICRT personnel. (System to handover to isolation ward/ |ID team after
office hours)
ICRT staff are adequately protected.
System to reduce exposure to ICRT staff (eg minimum number required to attend to patient)
System for ICRT to assess infection control risk and initiate appropriate infection controls for the ward and hospital.
System to manage and minimise movement of patients in and out of the ward.
System to restrict entry of visitors to ward.
Demarcation of area to restrict patients/visitors movement (e.g. sighages present, perimeter drawn)
Appropriate PPE donned to handle suspect patient
Alcohol hand-rubs and sanitisers present to staff
System to obtain clinical sample from suspect case.
System to ensure clinical sample is handled according to appropriate risk group of pathogen.
System to transport clinical sample to internal or external laboratory for confirmatory analysis.
System to receive result of confirmatory analysis
System to communicate to the Hospital Ops Centre and management, information on the detection of the suspect case.
System to manage the normal operations together with the detection of the suspect case.
System to do contact tracing.
System to manage patients and staff (eg, fever monitoring and further management).
System to gather exposure history, relevant contact details and check health status of Next-of-Kin
System to communicate with Next-of-Kin to inform them of the patient's/case's condition
System to ensure cases requiring radiology studies and other procedures are transferred with proper infection control
precautions.

2

CETwrooDOoIgI T ATTIQ ca0e

3. Intra-hospital transfers

Flow of cases out of ward via controlled disposition point.

System to notify Isclation Ward or Intensive Care Unit of the transfer prior to actual disposition from the ward.
System to assign trolley and management team prior to actual disposition from the ward.

Transfer routes are pre-planned.

System to minimise contamination of environment and other persons during transfer.

Supply of PPE for paramedical staff

System to track movement of case e.g. radiology department or operating theatre

@000 o

4. Inter-hospital Transfers

System to notify receiving hospital of transfer prior to actual disposition from the hospital.
System to transfer suspect/confirmed case to receiving hospital.

Case is accompanied by the required medical staff during the transfer

Staff carrying out the transfer are adequately protected.

aoow
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Box 1: Response (Con’t

Transfer routes are pre-planned.

System to ensure the transfer and hand-over of clinical management documentation together with the case.
System to document transfer.

System to minimise contamination of environment and other persons during transfer.

System to disinfect equipment (including vehicle), and persons involved in the transfer.

T DTa Tha

5. Disposal and Decontamination

System to carry out decontamination of the environment.

System to dispose biohazardous wastes.

System to protect cleaning staff.

System to store reusable equipment prior to being sent for cleaning.
System to transport, clean, and disinfect reusable equipment.
System to manage dead bodies

System to ensure bodily wastes are treated appropriately

a~oooowm

Box 2: Personal Infection Control Practice

1. PPE

System to ensure proper donning and doffing of PPE.

Adecquate supply of PPE.

Mechanism to request for appropriate additional PPE (for example gloves, gowns) to provide adequate protection.
Proper disposal of PPE after use.

System to manage spills on PPE/Areach of PPE

@000

2. Hand Hygiene
a. Standard for hand hygiene clearly defined.
Hand hygiene meets standard for infection control.
c. Handwashing and drying facilities for staff are within easy access.

=

Box 3: Communications

a. Pre-planned communication lines between the Ward, Isclation Ward, Intensive Care Units, Hospital Operations Centre,
and with other departments within the hospital.
b. Telephone lists of ICRT, Isolation Ward, Hospital Operations Centre, and other departments.

¢. Adeqguate communication means (for example cordless phones, fax machines, walkie-talkies/mobitalk sets, email) to
ensure command, control and communication.

d.  Systemto manage public reaction to knowledge of a suspect case

e. System to manage Visitor policy if there are changes

f. System to communicate to the patients/family members on the situation in the ward.

g. Systemto gather exposure history, relevant contact details and check health status of Next-of-Kin

h. System to communicate with Next-of-Kin to inform them of the patient's/case's condition

i System to escalate for decision-making

i System to ensure adequate covering of key appointment holders during their absence

k. Systemto manage the media / press

. System to disseminate information for awareness

August 2016, Vol. 45 No. 8




337 Simulation for Outbreak Preparedness—Lionel HW Lum et al

Box 4: Surveillance and Epidemiology

a. Systemto report to Ministry of Health unusual health events especially in cases with travel history to EVD affected
countries.

System to ensure timely notification and update on progress of cases.

System to pre-determine composition of epidemiology team.

Name list with contact number of epidemiology team staff which the hospital has pre-identified for deployment.
System to rotate the staffin the event of a prolonged incident.

¢ o000

Box 5: Contact Tracing

1. Team Setup

System to pre-determine composition of Hospital Contact Tracing (HCT) Team.

Point of Contact (POC) has been identified.

MName list with contact number of HCT Team personnel which the hospital has pre-identified for deployment.
Well-defined tasks and responsibilities for HCT Team staff.

System to rotate the POC and HCT Team staff in the event of a prolonged incident.

poooTs

2. Activity Mapping
a. System totrigger activity mapping.
System to ensure correct template is used and filled in appropriately.
c. System toensure that activity map is submitted to Ministry of Health on time and is complete.

3. Hospital Contact Tracing Template

System to trigger hospital contact tracing.

System to ensure correct template is used and filled in appropriately.

System to capture HCW contacts.

System to capture patient contacts.

System to capture visitor contacts.

System to ensure contact tracing information is submitted to MOH on time and is complete.
System to monitor health status of HCW contacts

System to minimise risk of cross contamination by HCW contacts

Sa oo o
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Psychosocial Factors, Knowledge and Attitudes Influencing Skin and Heart Valve
Donation among Healthcare Professionals in Singapore
Wee Ling Heng, 'czss sse, Thi Thu Ha Truong, 2veu, Irena WY Tham, 'pise, Jialin Yick, s, Inn Yi Chiang, s, Tracy SH Seck, !ssc

Abstract

Introduction: In Singapore, tissue donation is covered under the Medical (Therapy,
Education and Research) Act. The objective of this study is to review the demographic
and psychosocial factors, which may cause hesitation/unwillingness amongst healthcare
professionals towards tissue donation. Materials and Methods: A survey comprising 18-items
was conducted at the Singapore General Hospital and National Heart Centre Singapore. A
total of 521 individuals participated in the survey. Descriptive statistics were performed for
the demographic profiles of participants, the factors leading to the supportof tissue donation,
reasons for hesitation/reluctance to donate tissue and motivating factors to discuss tissue
donation with next-of-kin. Pearson’s chi-square and Fisher’s exact tests were employed to
assess possible association between various factors and support towards tissue donation.
Analyses were performed using Statistical Package for Social Sciences V.21.0 software.
Results: A total of 64.9% of participants had heard about skin donation; 48.9% had heard
aboutheartvalve donation; 4.5% were tissue pledgers. The primary reason for pro-donation
was the altruism of “improving someone’s quality of life”. However, a majority stated they
“can decide this in the later part of life” as their main reason for hesitation; 82.3% were
willing to discuss their tissue donation wish with next-of-kin, while 53.1% were likely to
make the decision of donation on behalf of their deceased next-of-kin. Conclusion: Results
highlighted important psychosocial and professional factors that influence the hesitation/
reluctance towards donation. Hence, there is a need to re-strategise educational efforts in
accordance with the target audiences and address specific misconceptions and concerns.

Ann Acad Med Singapore 2016;45:338-50

Key words: Heart valve banking, Tissue donation, Skin allografts, Skin banking

Introduction

In Singapore, the donation of heart valves and skin is
covered under a consent-based opt-in legislation called the
Medical (Therapy, Education and Research) Act(MTERA).
This Actallows individuals who wish to pledge their organs
and tissues upon death for transplant, research or education
purposes to opt-in by completing a pledge form. MTERA
also gives family members of the deceased the right to
donate his/her organs and tissues upon death if they wish
to do so.! It relies solely on the goodwill of individuals to
volunteer and donate their own or their next-of-kin’s organs/
tissues as an altruistic act.

Though the Act has been in existence for the past 42
years, the organ and tissue donation rate has remained
dismal. In 2012, there were only 67,274 organ pledgers in
the Organ Donor Registry out of the 5.3 million residents
(1.3%) of Singapore.”

Studies have identified several external factors that
influence the personal attitudes of individuals towards organ
donation and transplantation. These external factors include
experiential, educational, social, cultural and religious
factors.>* The attitudes of healthcare professionals have
been linked to low level of knowledge pertaining to organ/
tissue donation, resulting in limited donor pool.’

"National Cardiovascular Homograft Bank, National Heart Centre Singapore, Singapore

SingHealth Transplant, Singapore
3Skin Bank Unit, Singapore General Hospital, Singapore

Address for Correspondence: Ms Heng Wee Ling, Transplant Tissue Centre, National Heart Centre Singapore, 5 Hospital Drive, Singapore 169609.
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It is vital to address the knowledge deficits of healthcare
professionals and understand their attitude towards organ/
tissue donation. This is crucial as most of them assist in
identifying potential donors and educating the public and
fellow colleagues about donation. Should they undertake
their roles effectively, this will have a direct impact on
increasing the number of donors.** However, to date, limited
research has been conducted to explore the knowledge and
attitude of healthcare professionals in Singapore towards
tissue donation. Therefore, this survey was conducted with
the aim of reviewing the demographic and psychosocial
factors that may influence support or hesitation/reluctance
towards tissue donation, the level of knowledge abouttissue
donation and possibly identify the areas for improvement.
Results collated will be used to formulate publicity strategies
for tissue banks, so as to provide adequate education
addressing knowledge gaps to the healthcare professionals.

Materials and Methods
Study Population

In 2012, a survey comprising 18-items was conducted
among healthcare professionals—doctors, nurses, allied
health and support service staff, who play administrative,
ancillary and non-clinical positions—working at the
Singapore General Hospital and National Heart Centre
Singapore (Appendix 1). The sample size of 521 participants
was calculated in accordance with the occupation ratio of
these 2 institutions.”

Questionnaire-based Data Collection

Data was collated through an anonymous survey
questionnaire that was distributed to the department
through the individual departments’supervisors. The survey
questionnaire was developed based on questions from other
similar studies. Furthermore, certain modifications were
made in the questionnaire so as to reflect relevant content
as per our local context. A pilot study, results of which were
not taken into account, was subsequently conducted among
agroup of healthcare colleagues to assess the clarity, ease of
interpretation and functionality of the questionnaire. After
further refinement of the questionnaire, it was circulated
among the healthcare professionals. Informed consent was
assumed when survey participants completed and returned
the questionnaire. Ethical consideration was achieved by
anonymity as participants were only required to identify
their currentroles in their institutions and no other personal
identifier was solicited or recorded.

Data Analysis

Descriptive statistics were performed for the demographic
profiles of the participants, factors leading to support and

consenttowards tissue/organ donation, reasons for hesitation
or reluctance for tissue donation, and factors motivating
participants to discuss tissue donation with family members
and get their consent. Pearson’s chi-square test and Fisher’s
exact test were employed to assess the possible association
between various factors and support towards skin and
heart valve donation, and the desire to willingly pledge to
donate skin and/or heart valves. To identify predictors of
willingness to donate and being a pledger, binary logistic
regression modelling was performed. Input variables that
showed potential association with outcome in Pearson’s
chi-square or Fisher’s exact test with P value <0.1 were
included in multivariate analysis. All tests with P value
<0.05 were deemed significant. Analyses were performed
using IBM Statistical Package for Social Sciences (SPSS)
V.21.0 software (IBM, Armonk, NY).

Results
A total of 521 participants were randomly surveyed, of

which, 450 (86.4%) completed and returned the survey
(Table 1).

Knowledge of Skin and Heart Valve Donation

In the first part of this study, results revealed that there
were more participants who had heard about skin donation
(64.9%) than heart valve donation (48.9%). However,
although a majority of participants claimed to support tissue

Table 1. Demographic Characteristics and Education Profile of Study
Subjects

Demographics Information % of Respondents

Gender
Male 14.9
Female 82.7
Unknown 2.4
Age group
18-24 28.4
25-34 422
35-44 15.8
45— 54 10.3
>55 3.1
Race
Chinese 58.7
Malay 16.2
Indian 9.3
Other 12.7
Unknown 3.1

ITE: Institute of Technical Education; NITEC: National Institute of
Technical Education Certificate

Annals Academy of Medicine
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Subjects (Con't)
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Table 2. Source of Information and Support and Willingness towards
Tissue Donation

Demographics Information % of Respondents
Nationality
Singaporean 72.2
Permanent resident 12.2
Non-resident 153
Unknown 0.2
Religious affiliation
Catholicism/Christianity 30.4
Buddhism 253
Hinduism 5.1
Islam 20.9
Others 17.8
Unknown 0.4
Highest level of education
No formal education to lower secondary 0.2
Secondary or equivalent 9.3
A-levels or equivalent 1.1
National ITE certificate (NITEC) or higher 6.7
NITEC
Polytechnic diploma or equivalent 22.9
Higher/advanced diploma 6.4
Bachelor degree 424
Postgraduate diploma or postgraduate 10.4
degree
Unknown 0.4
Current role
Nurse 51.3
Allied health 16.9
Doctor 8.4
Administration/ancillary/support 233
Involvement in transplant work
No 66.4
Patient care 31.6
Communications/publications 0.4
Research 0.7
Others 0.4
Unknown 0.4

ITE: Institute of Technical Education; NITEC: National Institute of
Technical Education Certificate

donation, only 4.5% of them actively registered as a tissue
pledger; 76.7% indicated that they are very or somewhat
willingto donate heart valves as compared to donate skin tissue
(74%). 1t was also found that if skin and heart valves were

August 2016, Vol. 45 No. 8

Survey Questions % of Respondents

Heard, seen or read about skin donation

Yes 64.9

No 34.4

Unknown 0.7
Heard, seen or read about heart valve donation

Yes 48.9

No 50.4

Unknown 0.7
Support the donation of human skin for Mean = 1.56, SE =
transplantation 0.035, SD =0.74

Support 55.9

Somewhat support 35.2

Somewhat oppose 6.0

Oppose 2.9
Support the donation of human heart valves for Mean = 1.55, SE =
transplantation 0.033, SD =0.70

Support 54.9

Somewhat support 37.5

Somewhat oppose 5.4

Oppose 2.2
Signed up as a tissue pledger

Yes 4.5

No 95.5
Willingness to donate skin upon death

Very willing 38.1

Somewhat willing 359

Somewhat unwilling 12.7

Very unwilling 13.4
Willingness to donate heart valves upon death

Very willing 41.1

Somewhat willing 35.6

Somewhat unwilling 11.6

Very unwilling 11.8

If skin and heart valves were legislated under
presumed consent, will you:

Opt out on both tissues 0

Opt out on skin donation 18.2
Opt out on heart valve donation 9.3
Do nothing, as I support tissue donation 5.8
Do nothing, other reasons” 65.8

“Majority of the reasons given are ambiguous intention or wish to know
more information about donation.

legislated under presumed consent, most of the participants
(65.8%) would do nothing to change their status, and more
participants would opt out of skin donation (18.2%) as
compared to heart valve donation (9.3%) (Table 2).



341  Psychosocial Factors of Tissue Donation—Wee Ling Heng et al

1 MOST IMPORTANT REASONS WHY YOU ARE STILL

CONSIDERING OR ARE UNWILLING TO DONATE

NUMBER OF

QU0BGELOBC

Fig. 1. Reasons for willingness and hesitation/unwillingness for tissue donation.

Attitudes towards Tissue Donation

The 3 main reasons why the participants were willing
to donate their tissues were the altruistic intention of
“improving someone’s quality of life”, “doing a good deed”
and “putting my tissue to the maximum use”. However, of
those who were unwilling or still considering tissue donation,
the majority stated 3 causes for their hesitation, namely, “I
can decide this in the later part of my life”, “don’t know
enough about tissue donation to make a decision” and
“don’t know how my body is treated upon donation.” They
indicated that the 3 important beliefs that will most likely
increase their willingness to donate tissue were “donation
helps their surviving family members to cope with grief”,
if they were given “correct information associated with
tissue donation” and if their “family members support
donation” (Fig. 1).

Willingness to Discuss with Family Members about Tissue
Donation

Atotal of 82.3% of the participants were very or somewhat
willing to discuss their wish to donate tissue with their
family members; 53.1% were very or somewhat likely

IMPORTANT BELIEFS THAT MOST LIKELY
INCREASE YOUR WILLINGNESS TO DONATE
SURVEY QUESTIONS NUMBER OF RESPONDENTS
Donation helps surviving family
members cope with grief 110
Correct information associated =
with tissue donation E“ 109
Family members support
102
Fair access to receiving a 203
transplantation II l 92
Health care providers place the interest of A\
the dying patient above tissue donation o
Religion supports donation m
Other reasons it

SURVEY QUESTIONS NUMBER OF RESPONDENTS

To improve someone’s quality of life 129

To do a good deed 80

To put my tissue to the maximum use = 73

To set a good example 5

Iam compelled to do it = 5

Other reasons = 3

| knew of a friend/family member 0
who needed a tissue transplant

to make the decision of tissue donation on behalf of their
deceased family members, inthe event that they did notknow
the latter’s wish about tissue donation. However, if their
deceased family member had expressed interest in tissue
donation upon death, 87.8% would honour the deceased’s
wish and would be very or somewhat likely to donate
their tissues. For those who were unwilling to donate their
deceased family members’ tissues, none of the proposals of
assistance with regard to hospitalisation or funeral expenses
or priority in receiving tissue transplantation among others
would increase their willingness to donate (Fig. 2).

Support for Skin Donation

In univariate analysis, support for skin donation was
found to be statistically significantly associated with race,
higher level of education, religious affiliation, current role,
involvement in transplant work, having seen/read/heard
about skin donation, willingness to discuss about donation,
likeliness to donate family member’s skin and wish to opt
out if there was a change in legislation governing tissue
donation. Participants with a degree or higher were reported
to be 1.07 times more likely to support skin donation

Annals Academy of Medicine
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INTEREST IN DONATING HIS OR HER TISSUE
UPON DEATH, HOW LIKELY WOULD YOU
DONATE IT IF IT WERE UP TO YOU?

3 IF A FAMILY MEMBER HAD EXPRESSED

Very unlikely

Somewhat
unlikely

35.6%

Somewhat
likely

Very likely

IF YOU DIDN'T KNOW YOUR FAMILY MEMBER'S WISHES ON TISSUE
DONATION, HOW LIKELY WOULD YOU DONATE HIS OR HER TISSUE
UPON DEATH, IF IT WERE UP TO YOU?

Somewhat likely

Very unlikely

L]
4 .
’ H Somewhat unlikely

N
=
I

Fig. 2. Discussion of tissue donation with family members.

compared to those with other types of education levels
(95% CI, 1.01 to 1.14; P =0.02).

However, in multivariate analysis, after adjustment of
all demographic factors and willingness to discuss about
tissue donation, as well as, likeliness to donate family
member’s tissue, support for skin donation was found to be
statistically significantly associated with currentrole (nurse
versus others), willingness to discuss about skin donation
with family members, likeliness to donate family member’s
tissue after knowing his/her wish to donate and change
in legislation. After adjustment, non-nursing participants
were 3.17 times more likely to report their support for skin
donation compared to nursing respondents (95% CI, 1.27
to 7.93; P=0.01) (Table 3).

Support for Heart Valve Donation

In univariate analysis, support for heart valve donation
was found to be statistically significantly associated with
race, higher level of education, religious affiliation, current
role, involvement in transplant work, having seen/read/
heard about heart valve donation, willingness to discuss
about donation, likeliness to donate family member’s skin
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4 IF YOU WERE THE FAMILY OF THE DECEASED, WHICH OF THE FOLLOWING
MAY BEST INCREASE YOUR WILLINGNESS TO TISSUE DONATION?

SURVEY QUESTIONS NUMBER OF RESPONDENTS

None of the suggestion, my decision will

still be the same £

Assistance in hospitalization bill =] 7

Higher priority to receive tissue

transplantation

Assistance in funeral expenses © 1

Thank you card from tissue recipient = 1

Condolences flowers 0

and wish to opt out if there was a change in legislation
governing tissue donation. Respondents with a degree or
higher were reported to be 1.06 times more likely to support
heart valve donation compared to those with other types of
education levels (95% CI, 1.0 to 1.12; P = 0.048).

However, in multivariate analysis, after adjustment of all
demographic factors and willingness to discuss about tissue
donation, as well as, likeliness to donate family member’s
tissue, support for heart valve donation was found to be
statistically significantly associated with currentrole (nurse
versus others), having seen/read/heard about heart valve
donation, likeliness to donate family member’s tissue
knowing his/her wish to donate and change in legislation
and wish to opt out if there was a change in legislation
governing tissue donation. After adjustment, non-nursing
participants were 3.17 times more likely to report their
support for heart valve donation compared to nursing
respondents (95% CI, 1.18 to 8.50; P =0.02) (Table 4).

Tissue Pledger, Demographic Factors and Willingness to
Donate Tissue

Inunivariate analysis, being a tissue pledger was found to
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Table 3. Association between Support for Skin Donation for Transplantation and Demographic, Educational, Professional and Psychosocial Factors and

Willingness in Donation

Factor

Unadjusted

Adjusted

OR (95% CI)

P Value

OR (95% CI)

P Value

Nationality
Singaporean (n = 324)
Permanent resident (n = 55)
Foreigner (n = 69)
Gender
Male (n = 66)
Female (n =372)
Age by group
18 —24 (n=128)
25-34 (n=190)
35-44 (n=70)
45 - 54 (n=46)
>55 (n=14)
Race (2 groups, n = 435)
Chinese (n =263)
Others (n=172)
Highest level of education
Others (n =210)
Degree and higher (n = 237)
Religious affiliation (2 groups)
Islam (n = 94)
Others (n =353)
Current role (n = 449)
Nurse (n =231)
Other (n=218)
Involvement in transplant work
No (n=283)
Yes (n=150)

Years working in Outram campus

0 — 5 years (n =305)
>5 years (n=138)

Have you seen, read or heard of skin donation?

No (n = 155)
Yes (n=292)

Are you willing to discuss about tissue donation with your family?

No (n=79)
Yes (n =368)

If you didn’t know your family member’s wishes on tissue donation, how
likely would you donate his or her tissues upon death, if it were up to you?

Unlikely (n=211)
Likely (n = 238)

If a family member had expressed interest in donating his or her
tissues upon death, how likely would you donate if it were up to you?

Unlikely (n = 55)
Likely (n=394)

If skin and heart valves were legislated under presumed consent, will you:

Opt out (n = 124)
Do nothing (n = 321)

1.24 (0.52 - 2.98)
0.92 (0.29 —2.92)
0

0.99 (0.02 - 1.08)
1"

0.74 (0.09 — 6.19)

0.84 (0.10 — 6.81)

0.82 (0.09 — 7.40)

0.63 (0.07 — 5.90)
1

1.08 (1.01 — 1.16)
1

1
1.07 (1.01 — 1.14)

1
1.16 (1.05 — 1.28)

1
1.09 (1.02 - 1.15)

1
1.08 (1.02 - 1.14)

1
1.05 (0.99 — 1.11)

1
1.09 (1.02-1.17)

1
1.34 (1.16 — 1.55)

1
1.15 (1.08 — 1.22)

1
1.49 (1.22 - 1.82)

1
1.17 (1.07 - 1.27)

0.77

0.82

0.98

0.01

0.02

<0.001

0.007

0.008

0.15

0.008

<0.001

<0.001

<0.001

<0.001

0.87 (0.24 — 3.06)
1

1
0.68 (0.27 — 1.69)

1
1.80 (0.49 — 6.57)

1
3.17 (1.27 - 7.93)

1
3.01 (0.96 — 9.43)

1
2.16 (0.97 — 4.82)

1
3.12(1.19 - 8.22)

1
2.05 (0.69 — 6.09)

1
3.23 (1.20 - 8.64)

1
2.66 (1.19—5.92)

0.82

0.41

0.37

0.014

0.06

0.06

0.02

0.19

0.02

0.02

‘Reference group.
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Table 4. Association between Support for Heart Valve Donation for Transplantation and Demographic, Educational, Professional and Psychosocial Factors

and Willingness in Donation

Factor

Unadjusted

Adjusted

OR (95% CI)

P Value

OR (95% CI) P Value

Nationality
Singaporean (n = 323)
Permanent resident (n = 55)
Foreigner (n = 69)
Gender
Male (n = 66)
Female (n=371)
Age by group
18 —24 (n=128)
2534 (n=190)
35—-44 (n=170)
45 — 54 (n = 46)
>55 (n=14)
Race
Chinese (n = 262)
Others (n=172)
Highest level of education
Others (n =210)
Degree and higher (n = 236)
Religious affiliation (2 groups)
Islam (n = 94)
Others (n =352)
Current role (n = 449)
Nurse (n=231)
Other (n=217)
Involvement in transplant work
No (n=297)
Yes (n = 150)
Years working in Outram campus
0 —5 years (n =305)
>5 years (n=137)

Have you seen, read or heard of heart valves donation?

No (n =226)
Yes (n = 220)

Are you willing to discuss about tissue donation with your family?

No (n=79)
Yes (n=367)

If you didn’t know your familK.member"s wishes on tissue donation,
is or her tissues upon death, if it were

how likelx would you donate
up to you?

Unlikely (n = 210)
Likely (n = 238)

If a family member had expressed interest in donating his or her
tissues upon death, how likely would you donate if it were up to you?

Unlikely (n = 55)
Likely (n = 393)

If skin and heart valves were legislated under presumed consent, will you:

Opt out (n = 124)
Do nothing (n = 320)

0.93 (0.34 - 2.53)
0.99 (2.54 —3.90)
1

0.98 (0.90 - 1.06)
1

2.36 (0.64 — 10.78)

4.91 (1.18 — 20.44)

2.86 (0.62 — 13.18)

3.91 (0.69 —22.09)
1

1.06 (1.01 —1.13)
1

1
1.06 (1.00 —1.12)

1
1.13 (1.03 - 1.23)

1
1.06 (1.01 — 1.12)

1
1.08 (1.03 - 1.13)

1
1.04 (0.98 — 1.09)

1
1.08 (1.02 - 1.13)

1

1.21 (1.08 - 1.37)

1
1.12 (1.06 — 1.19)

1
1.38 (1.16 - 1.65)

1
1.13(1.04 - 1.22)

0.98

0.61

0.24

0.04

0.048

0.002

0.031

0.004

0.24

0.005

<0.001

<0.001

<0.001

<0.001

0.43 (0.09 - 1.99)
1 0.28

1
0.83(0.32-2.18) 0.71

1
2.26 (0.48 — 10.62) 0.30

1
3.17 (1.18 — 8.50) 0.02

1
2.77(0.79 - 9.59) 0.11

1
2.77(1.32-9.09) 0.01

1

2.08 (0.76 — 5.74) 0.15

1
2.79 (0.81 —9.60) 0.10

1
4.38 (1.54 - 12.48) 0.006

1
1.87 (0.79 — 4.44) 0.15

“Reference group.
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be statistically significantly associated with gender, current
role and involvement in transplant work. Participants who
were involved in transplant work were reported to be 2.43
times more likely to support tissue donation compared to
those who were not involved (95% CI, 1.03 to 5.73, P =
0.05). However, in multivariate analysis, after adjusting
all demographic factors, support for tissue donation was
found to be non-statistically significant due to small sample
size (Table 5).

The findings of the second part of the study were reported
inthe ‘Evaluation of the effectiveness of the differentmodes
of publicity used for tissue donation among healthcare
professionals in Singapore’.

Discussion

The results of the current survey identified specific areas
of’concerns. Firstly, the number of healthcare professionals
who had heard about skin donation was more than those
who had heard about heart valve donation. This may be
because the skin bank was established 11 years prior to
the cardiovascular homograft bank.

Secondly, most healthcare professionals would opt out
of skin donation as compared to heart valve donation if
both tissues were legislated under presumed consent. This
can probably be attributed to misconceptions existing
among people regarding skin donation; some of these
misconceptions, which we gathered informally through
awareness talks with different groups of audiences include:
recovery of skin from the entire body, fear of disfigurement
and bloodiness, and the body will not be presentable during
an open casket funeral. Unlike the American and European
societies, who are generally more open to donation, our
society comprising predominantly of Chinese and Malay
societies have traditional cultural values, which result in
greater antipathy towards organ/tissue donation.” This
was evident in various studies, for instance, 27% of 2930
Chinese participants would not consent to donate their own
organs after their passing due to the traditional Chinese
belief of the necessity to have an intact body after death
for a good afterlife.'®!" Another evidence of traditional
cultural values influencing people’s decision to donate
tissue/organs is the statistics obtained from 2000 to 2010
by National Transplant Resource Centre, Kuala Lumpur,
which reported that donation among the Malay community
(the dominant ethnic group in Malaysia) contributed to only
6.36% of the total organ donation as compared to 61.86%
by Chinese and 31.78% by Indians; the study cited the
Malay community’s perception that their religion, Islam,
did not permit them to donate tissue/organs as the primary
reason for their low donation rates.'?

Thirdly, although most healthcare professionals support

tissue donation, not many of them have registered to pledge
fortissue donation. This attitude of healthcare professionals
may be attributed to several reasons: 1) lack of awareness
thattissue donation is by opt-in system (MTERA), and notan
opt-out system (HOTA) for organs; 2) lack of information
about what is required of them to join the registry; and 3)
signing up as a pledger is not a priority."* With regard to
the last reason, it might have been the same reason that
caused hesitation orreluctance to donate organs/tissues—the
procrastinating mindset of “can decide later in my life”.
This may suggest fear, hesitation and reluctance to think
about death. Therefore, this mindset leads participants to
refrain from registering as tissue donors, as itrequires them
to face their own mortality.’

Another factor that may have attributed to the high rate
of support towards donation, while, disproportionately
low pledger rate is a behavioural phenomenon called
deterioration of support as one moves from abstract
support to the concept of donation to a more personal
and concrete commitment. The most commonly cited
reasons for willingness to donate are altruistic concerns of
“improving someone’s quality of life” and “doing a good
deed”. However, we are uncertain if such self-reports may
reflect a tendency to provide socially desirable responses
although their anonymity is upheld.'

Fourthly, as reported by McGlade et al, the choice of a
caring profession such as nursing does not equate to a larger
degree of altruism and more support to tissue donation or
pro-donation behaviour.* This observation was consistent
in the Singapore context as well, as participants who are
nurses were 3 times less likely to donate both skin and
heart valves. Ideally, critical care nurses (being the main
care provider for patients, emotional support for family
members, and the key to identifying potential donors)
should have detailed knowledge of tissue donation. In
this way, they will understand its benefits and the clinical,
technical, ethical and legal aspects of donation. If nurses
are not supportive due to various reasons or are not fully
educated about tissue donation and transplantation, the
situation of organ and tissue shortages will be difficult to
address. Hence, such education should be incorporated into
mandatory training in nursing school’s curriculum or new
staff orientation programme. '

Fifthly, the paramount role family members play in
influencing the attitude and decision-making process of
individuals with regard to tissue donation was highlighted.
This may be reflective of the stronger societal family values
in Singapore.'® Strong family influence in tissue donation
is a significant factor in two aspects: firstly, the willingness
to donate tissue/organs increases if family members are
pro-donation; secondly, since most healthcare professionals
are “silent” or “passive” supporters of tissue donation, it is
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Table 5. Association between Being a Tissue Pledger and Demographic Factors and Willingness to Donate

Factor

Unadjusted

Adjusted

OR (95% CI)

P Value

OR (95% CI) P Value

Nationality
Singaporean/permanent resident (n = 379)
Foreigner (n = 69)
Gender
Male (n = 66)
Female (n=372)
Age by group
18 — 44 (n=388)
>45 (n = 60)
Race
Malay (n =73)
Others (n = 362)
Highest level of education
ITE and below (n = 73)
Diploma, advanced diploma, A-level (n = 137)
Degree and higher (n = 237)
Religious affiliation (2 groups)
Islam (n = 94)
Others (n =353)
Current role (n = 449)
Doctor/surgeon (n = 37)
Nurse (n=231)
Allied health (n = 76)
Administration/ancillary/support (n = 105)
Involvement in transplant work
No (n=298)
Yes (n=150)
Have you seen, read or heard of skin donation?
No (n = 155)
Yes (n =292)

Have you seen, read or heard of heart valves donation?

No (n=227)
Yes (n =220)

Are you willing to discuss about tissue donation with your family?

No (n=79)
Yes (n=368)

If you didn’t know your family member’s wishes on tissue donation,
how likely would you donate his or her tissues upon death, if it were

up to you?
Unlikely (n=211)
Likely (n =238)

If a family member had expressed interest in donating his or her
tissues upon death, how likely would you donate if it were up to you?

Unlikely (n=55)
Likely (n = 394)

1
0.30 (0.04 —2.25)

2.60 (1.02 — 6.60)
T

0.88 (0.26 —2.90)
1

1
3.63 (0.49 — 26.76)

3.17 (0.39 — 25.20)
0.63 (0.25 — 1.58)
1

1
5.06 (0.69 —37.31)

0.16 (0.03 — 0.91)

0.54 (0.11 - 2.59)

0.23 (0.04 — 1.15)
1

1
2.43 (1.03 - 5.73)

1
1.15(0.45-2.97)

1
2.41 (0.94 - 6.15)

1
4.08 (0.55 - 30.3)

1
2.66 (0.90 —7.19)

1

Not available’

0.33

0.05

0.74

0.22

0.25

0.09

0.07

0.05

1.00

0.07

0.23

0.06

0.15

0.45 (0.12 - 1.62)
1 0.22

1
0.31 (0.04 —2.53) 0.28

0.24 (0.02 - 2.72)
0.29 (0.03 —2.53)
0.19 (0.02 - 1.69)
1 0.51

1
0.70 (0.25 - 19.6) 0.50

1
0.47 (0.16 — 1.38) 0.17

1
0.49 (0.17 — 1.44) 0.19

ITE: Institute of Technical Education
‘Reference group.
"No odds ratio (OR) as 1 category had 0 pledger.
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all the more crucial that this intention be communicated to
family members, as they will be the ones who will execute
the wishes of their deceased loved ones. However, it is not
in the Asian culture to discuss about death-related issues
with family members, as it is regarded inauspicious. As a
result, it is not uncommon for relatives to be unaware of the
wishes of their family members prior to their death.'” More
than half of healthcare professionals surveyed stated that if
they were uncertain about their deceased family member’s
wishes, they would be less likely to make the decision of
donation if it was up to them. Previously, similar trends
were also reported internationally.’ In instances when
family members decide notto donate, none of the incentives
such as financial assistance in hospitalisation and funeral
expenses or higher priority in receiving transplantation
would change their decision. Conversely, if they know
the deceased family members’ intentions, a majority of
family members would honour their wishes and consent
to donation. Most healthcare professionals were willing
to discuss the topic of tissue donation with their family
members. During actual ground work, a potential donor’s
family member suggested to our transplant coordinator
that our approach was incorrect; she mentioned that the
coordinator should approach the potential donor when he
was still alive to ascertain his wish with regard to tissue
donation in the presence of other family members. Although
this approach of broaching the subject of tissue donation
to a potential donor during his/her final moments of life is
impractical and even unethical, this suggestion reinforced
the importance of communication about tissue donation
during family discussions when one is healthy. Another
approach is to facilitate familial decision and increase
familial support towards tissue donation in the event of
the patients’ demise by integrating tissue donation into the
end-of-life care of the patients.!

The limitations of this study are non-participation bias
and convenience element, which leads to the selection of
only 2 hospitals for participation. Ideally, the study subjects
should consist of a randomised sample from all hospitals
in Singapore. It is noteworthy that despite high education
levels and being in the healthcare industry, most healthcare
professionals still had inadequate knowledge about tissue
donation. This lack of knowledge about tissue donation can
be judged from the significant reasons for their hesitation
or reluctance to donate, which they cited as: “don’t know
enough about tissue donation to make a decision” and
“don’t know how my body is treated upon donation”.
Therefore, through this study, a more comprehensive
understanding of the psychosocial factors and attitudes of
healthcare professionals, which influence tissue donation,
can be gained. Thus, it will be more effective if tissue banks
re-strategise educational efforts in accordance with the
target audiences, addressing areas of personal motivation

of these potential donors to increase willingness to donate
tissue/organs,'® and clarifying specific misconceptions and
concerns thatthey may have. This is consistent with the belief
that “correct information associated with tissue donation”
will increase the willingness to donate tissue/organs.
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Appendix 1

Part 1 of the Survey Questionaire on Healthcare Professionals’ Beliefs and Willingness on Tissue Donation

Demographics Information:

(a) Nationality: o Singaporean o Permanent Resident o Foreigner

(b) Gender: o Male oFemale

(c) Age:

018 -19 020-24 025-29 030 -34 035 -39 040 —44
045 —49 050 — 54 055-59 060 —64 065 —69 o70-74
o75—79 o 80 — 84 o 85 years and over

(d) Race: o Chinese o Malay o lIndian o Others (Please specify):

(e) Religious Affiliation: o Buddhism o Cathalicism / Christianity o Hinduism

0 Others (Please specify):

(f) Highest Level of Education Qualification Obtained:

0 No formal education, lower secondary, or equivalent

0 Secondary i.e.. O’ Levels, N’ Levels, or equivalent

o A’ Levels, or equivalent

o National ITE Certificate (NITEC), Higher NITEC, or equivalent

o Polytechnic Diploma, or equivalent

o Higher/Advanced Diploma, or equivalent

o Bachelor Degree

o Post Graduate Diploma or Degree e.g.: Masters or PhD, or higher
(g) What is your current role : o Doctor o Nurse

o Allied Health: State designation:

o Administration / Ancillary / Support: State designation:

(If your answer is Doctor / Nurse / Allied Health proceed to Q(h). Else proceed to Q(i))
(h) How long have you been in this role?

(i) How long have you been working at Qutram Campus?

(j) Are you / have you ever been involved in transplant work? o Yes o No

If Yes, what is your major aspect of involvement? :

0o Patient Care 0o Communications/Publicationso Research

o Others (Please specify).
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Questions:

1. Do you support the donation of human skin for transplantation?

o Support 0 Somewhat Support 0 Somewhat Oppose o Oppose

2. Do you support the donation of human heart valves for transplantation?

o Support o Somewhat Support o Somewhat Oppose o Oppose

3. Have you signed up as a tissue pledger? oYes o No

4. How willing are you to donate your skin and / or heart valve tissues upon death?
(Iy Skin:

o Willing 0 Somewhat willing 0 Somewhat unwilling o Unwilling
({Il) Heart Valves:

o Willing o Somewhat willing o Somewhat unwilling o Unwilling
(If both answers are “Willing”, proceed to Question 7. Else, proceed to Question 5.)
5. Select 2 important reasons why you are still considering or are unwilling to donate:
o | am unhealthy

o Don't want my tissues to be used for research

o Can decide this in the later part of my life

o Others will donate

o Don't know how my body is treated upon donation

o Against my religious views

o Don't know enough about tissue donation to make a decision

o Don't want my body to be disfigured

o Others (Please specify):

6. Select 2 important beliefs that will most likely increase your willingness te denate:
o Family members suppoert donation

o Religion supports donation

o Donation helps surviving family members cope with grief

o Fair access to receiving a transplantation (e.g.: regardless of poor / rich)

o Carrect information associated with tissue donation (e.g.: tissue donor families do not pay extra
medical bills for the purpose of donation)

o Health care providers place the interest of the dying patient above tissue donation

o Others (Please specify): (Proceed to Question 9)
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7. Select 2 important reasons why you are willing to denate:

0 To set a good example o | am compelled to do it

o To improve someone's quality of life o To put my tissues to the maximum use

o To do a good deed o | knew a friend/ family member who needed tissue transplant

o Others (Please specify):

8. How willing are you to discuss your wish about tissue donation with your family?
o Very willing o Somewhat willing o Somewhat unwilling o Very unwilling

9. If you didn’t know your family member’s wishes on tissue donation, how likely would you
donate his or her tissues upon death, if it were up to you?

o Very Likely o Somewhat Likely o Somewhat Unlikely o Very Unlikely

10. If a family member had expressed interest in donating his or her tissues upon death, how
likely would you donate if it were up to you?

o Very Likely o Somewhat Likely o Somewhat Unlikely o Very Unlikely

(If your answer is “Very likely” or “Somewhat likely”, proceed to Question 12. Else proceed to
Question 11.)

11. If you are the family of the deceased, which of the following may best increase your
willingness to tissue donation?

o Assistance in funeral expenses o Assistance in hospitalisation bills
o Thank you card from tissue recipient o Condolences flowers

o Higher priority to receive tissue transplantation

o None of the above, my decision will still be the same

o Others (Please specify):

12. If skin and heart valves were legislated under presumed consent, will you:
0 Opt out on both tissues 0 Opt out on skin donation

o Opt out on heart valve denation o Do nothing, as | support tissue donation
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Abstract

Introduction: Door-to-balloon (DTB) timeis critical to ST elevation myocardial infarction
(STEMI) patients’ survival. Although DTB time is reduced with direct cardiovascular
laboratory (CVL) activation by emergency physicians, concerns regarding false-positive
activation remain. We evaluate false-positive rates before and after direct CVL activation
and factors associated with false-positive activations. Materials and Methods: This is a
retrospective single centre study of all emergency CVL activation 3 years before and after
introduction of direct activation in July 2007. False-positive activation is defined as either:
1) absence of culprit vessel with coronary artery thrombus or ulceration, or 2) presence
of chronic total occlusion of culprit vessel, with no cardiac biomarker elevations and no
regional wall abnormalities. All false-positive cases were verified by reviewing their coronary
angiograms and patientrecords. Results: Atotal of 1809 subjects wererecruited; 84 (4.64%)
identified as false-positives. Incidence of false-positive before and after direct activation was
4.1% and 5.1% respectively, which was not significant (P = 0.315). In multivariate logistic
regression analysis, factors associated with false-positive were: female (odds ratio (OR):
2.104 [1.247-3.548], P = 0.005), absence of chest pain (OR: 5.369 [3.024-9.531], P <0.0001)
and presence of only left bundle branch block (LBBB) as indication for activation (OR:
65.691 [19.870-217.179], P <0.0001). Conclusion: Improvement in DTB time with direct
CVL activation by emergency physicians is not associated with increased false-positive
activations. Factors associated with false-positive, especially lack of chest pain or LBBB,
can be taken into account to optimise STEMI management.

Ann Acad Med Singapore 2016;45:351-6

Key words: Cardiac, Catheterisation

Introduction

Door-to-balloon (DTB) time has been shown to be a
critical factor in the survival of patients with ST-elevation
myocardial infarction (STEMI). A delay in DTB time
is associated with higher adjusted risk of in-hospital
mortality."> Consensus guideline recommends aDTB or first
medical contact (FMC) to device time goal of 90 minutes
or less for STEMI patients to improve their survival.?
Although direct activation of cardiovascular laboratory
(CVL)by emergency physicians withoutroutine cardiology
consultation has been shown toreduce DTB time,*°concerns
regarding increased rate of false-positive activation with this
strategy remain. Factors such as quality metric, potential

clinical and financial consequences associated with such
false alarms need to be considered too.!° As such, the main
objective of this study is to evaluate the rates of false-
positive activation before and after direct CVL activation.
We also studied the clinical factors associated with false-
positive activations.

Materials and Methods

We conducted aretrospective longitudinal study ina large
single tertiary referral centre. Since July 2007, emergency
physicians have been autonomously activating the CVL
directly for any clinical diagnosis of acute myocardial
infarction (AMI) with significant reduction of DTB.!! The
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eligibility criteria for direct CVL activation by emergency
physicians were as follows: >2 mm ST elevation in anterior
leads for 2 or more contiguous leads or >1 mm ST elevation
ininferior leads for 2 or more contiguous leads and symptom
onset of <12 hours. All patients with a clinical diagnosis
of AMI who presented to the emergency department (ED)
for a period of 3 years before (1 June 2004 to 1 June 2007)
and 3 years after (1 August 2007 to 1 August 2010) were
retrospectively included in this study. There was also a
1-month blanking period before and after the start date of
direct CVL activation on 1 July 2007.

The exclusion criteria were age >80 years old; significant
comorbidities or poor premorbid status; contraindications
to anticoagulation or antiplatelet therapy; collapsed or in
a comatose state; heparin-induced thrombocytopaenia;
active gastrointestinal bleed or intravenous contrastallergy.

Data Collection

All patients who had direct CVL activation from
the ED were identified via records kept in the CVL.
Patient demographics, clinical presentation, 12-lead
electrocardiograms (ECGs), treatment and outcomes were
then obtained from a combination of patient electronic
records, case notes and the National Heart Centre (NHC)
Singapore Cardiac Data Bank. All angiographic data were
similarly obtained from NHC STEMI database and CVL
report. All false-positive activation cases were identified and
subsequently verified through the review of their coronary
angiograms and patient records by the senior author
(HKW). The study protocol was approved by the Centralised
Institutional Review Board (IRB) ethics committee.

Definitions

In our study, false-positive activation was defined as either:
1) absence of culprit vessel with coronary artery thrombus
or ulceration, or 2) presence of chronic total occlusion of
culprit vessel, with no cardiac biomarker elevations to
suggest new myocardial infarction (MI) and no regional
wall abnormalities in the corresponding cardiac segments.

For each of the verified false-positive cases, the final
diagnoses were made based on the following definition.

Early repolarisation variantis defined by J point elevation
manifested either as terminal QRS slurring (the transition
from the QRS segment to the ST-segment) or notching (a
positive deflection inscribed on terminal QRS complex)
associated with concave upward ST-segment elevation and
prominent T waves in at least two contiguous leads with
no elevation of cardiac biomarkers.'>"* Old MI changes
were defined as history of Q wave MI with ST-segment
elevation that was either demonstrated on a previous ECG
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or did not show any ST-segment evolutionary changes with
no elevation of cardiac biomarkers.

Perimyocarditis was defined by typical ECG findings
of widespread concave ST elevation, elevation of cardiac
troponin levels and suggestive clinical history of preceding
fever and presence of pericardial rub on examination.
Takotsubo stress cardiomyopathy was defined as
characteristic apical or mid-ventricular ballooning noted
on left ventriculography, reversible left ventricular systolic
dysfunction without significant coronary stenosis typically
preceded by a stressful event.'*

Pulmonary embolism (PE) was diagnosed from computed
tomographic pulmonary angiography. Left ventricular
hypertrophy (LVH) was diagnosed based on ECG voltage
criteria. Brugada syndrome is by ECG findings of typical
coved, down-sloping ST-segment elevation of at least 2
mm in the right precodial leads (V1-3)."

Statistical Analysis

Simple comparisons between patients diagnosed with
true-positive and false-positive activations were performed
with y? test for categorical or binary data. For normally
and non-normally distributed continuous data, the t-tests
and Wilcoxon rank sum tests were used respectively. For
univariate and multivariate analysis, logistic regression was
used with the primary outcome variable of a false-positive
activation.

The statistical output is reported as an odds ratio (OR)
and 95% confidence interval. Non-normally distributed
variables are presented as median values and interquartile
range while continuous variables are presented as means
and standard deviations. A P value <0.05 is considered
statistically significant.

All statistical analysis were performed using SPSS
version 20.0

Results

A total of 1864 patients were identified from the CVL
records in the study period, of which, 55 patients were
excluded from the study (Fig. 1). These patients were
excluded for the following reasons: CVL was activated
from locations other than the ED, CVL was activated
during the blanking period and aborted/incomplete coronary
angiograms.

In total, 1809 patients were included in the study. Among
these, 84 (4.6%) were identified as false-positives. The
incidence of false-positives before and after implementation
of direct CVL activation was 4.1% and 5.1% respectively,
which was not statistically significant (P = 0.315).
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1864 cases
underwent CVL
activation during
study period

——

1809 cases
fulfilled inclusion
criteria

55 cases were
excluded

854 cases before
direct CVL
activation

——  _ ———

819 cases of true- 35 cases of false- 906 cases of true- 49 cases of false-
positive positive positive positive

955 cases after
direct CVL
activation

Fig. 1. Number of patients screened and the eventual study population.

Tables 1 and 2 show the univariate analysis of the
patient’s demographics, cardiovascular risk factors, previous
cardiac history (including previous MI, previous coronary
angioplasty or coronary artery bypass graft [CABG]), and
clinical presentations. Female gender, non-smoker, absence
of chest pain upon presentation at ED and presence of only
left bundle branch block (LBBB) in ECG were associated
with increased rates of false-positive CVL activation.

Table 1. Baseline Characteristics Comparison between True- and False-
Positive STEMI Activation

True-Positive False-Positive

Demographics (n=1725) (n = 84) P Value
Age, mean (SD), years 58.5 (11.5) 59.0 (12.6) 0.744
Female sex, no (%) 285 (16.5) 27(32.1) 0.001
Race
Chinese (%) 1103 (63.9) 60 (71.4) 0.199
Malay (%) 251 (14.5) 7 (8.3) 0.148
Indian (%) 281 (16.2) 11 (13.0) 0.543
Cardiovascular risk
factors
Non-smoker (%) 965 (55.9) 67 (79.7) <0.005
Hypertension (%) 971 (56.3) 41 (48.8) 0.179
Diabetes (%) 530 (30.7) 21 (25.0) 0.331
Hyperlipidaemia (%) 914 (53%) 37 (44%) 0.118
?zr]‘)ﬂzo/}:)imry of 222 (12.8) 5(5.9) 0.064
Previous cardiac history
MI (%) 170 (9.8) 10 (11.9) 0.573
PCI (%) 254 (14.7) 14 (16.7) 0.637
CABG (%) 54 (3.1) 4 (4.8) 0.342

CABG: Coronary artery bypass graft; CAD: Coronary heart disease; MI:
Myocardial infarction; PCI: Percutaneous coronary intervention

After multivariate logistic regression analysis, female
gender (OR:2.1[1.2-3.5], P=0.005), absence of chest pain
(OR:5.4[3.0-9.5], P<0.001) and presence of only LBBB
(OR: 65.7 [19.9-217.2], P <0.001) were independently
associated with an increased odds of false-positive CVL
activation.

In addition, we compared the clinical outcome of patients
before and after implementation of direct CVL activation.
There was no increase in mean length of stay, non-Killip
4 cardiac mortality and in lab complications between the
2 groups as shown in Table 3.

Final diagnoses of all 84 false-positive CVL activations
are listed in Table 4. Common causes of false-positive
activation in our study were early repolarisation ECG

Table 2. Clinical Factors Comparison between True-Positive and False-
Positive STEMI Activation

True-Positive False-Positive

Clinical Factors (0 =1725) (n = 84) P Value
Indications for CVL
activation
Chest pain 1629 (94.4) 60 (71.4)
I‘?abizeg,z of chest 96 (5.6) 24 (28.6) 0.001
Collapse 36 (2.0) 4(47) 0.111
ECG changes 55 (3.1) 17 (20.2) <0.001
Arrhythmias 2(0.1) 2(23) 0.012
f:;:;‘a’“lm"“ary 3(0.1) 0(0) 1.000
gﬁ:;;ﬁf;h(‘ﬂ’/‘:; s 790 (45.8) 30 (35.7) 0.073
ECG localisation on
presentation at ED
Anterior (%) 806 (46.7) 35 (41.6) 0.373
Inferior (%) 787 (45.6) 16 (19.0) 0.000
Lateral only (%) 43 (2.5) 0(0.0) 0.262
Posterior only (%) 6(0.3) 0(0.0) 1.000
LBBB only (%) 4(0.2) 14 (16.7) 0.001

CVL: Cardiovascularlaboratory; ECG: Electrocardiogram; ED: Emergency
department; LBBB: Left bundle branch block

Table 3. Index Hospitalisation Outcomes Before and After Direct CVL
Activation

Outcome Before After P Value
(n=854) (n =955)

Length of stay, mean, days 5.5 5.81 0.446

In lab complications (%) 98 (11.0) 37 (3.9) <0.0001

Non-Killip 4 cardiac 16 (1.9) 17(1.8) 1

mortality (%)

CVL: Cardiovascular laboratory
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Table 4. Breakdown of Causes of False-Positive CVL Activation in Our
Series

Final Diagnosis No. (n=84)
Early repolarisation 23
Old myocardial infarction changes 14
Left bundle branch block 12
Perimyocarditis 8
Persistent chest pain with no ECG changes 7
Takotsubo cardiomyopathy 5
Pulmonary embolism 3
Subarachnoid haemorrhage 2
Ventricular tachycardia 2
Pulseless electrical activity 1
Brugada syndrome 1
Left ventricular hypertrophy 1
Coronary spasm 1
Others 4

CVL: Cardiovascular laboratory; ECG: Electrocardiogram

changes, old MI ECG pattern and presence of LBBB in
ECG. We further stratified causes of false-positive activation
according to female gender as shown in Table 5.

Discussion

In current literature, the reported false-positive AMI
activation prevalence ranges from 9.5% to 36%.!%!7
Our series reported a 5.1% false-positive rate after the
introduction of direct CVL activation which is seemingly
lower than those reported. One possible explanation is the
lack of a universal definition of what constitutes as false-
positive activation. McCabe et al included cases without
any cardiac catheterisation lacking in 2 out of 3 lines of
evidence supporting a STEMI diagnosis as false-positive,
potentially explaining their relatively higher rate of false-
positive activation of 36%. On the other hand, Larson et
al adopted a more nuanced approach by giving a range of
false-positive activation rate ranging from 9.5% to 14%
depending on the definition of false-positive activation
adopted. Regardless, the purpose of direct CVL activation
as espoused by the American Heart Association (AHA) is
such that patients with suspected STEMI are able to undergo
urgent angiography and reperfusion therapy within the 90
minutes time frame.? As such, our false-positive definition
is based on absence of compelling angiographic findings
that warrants reperfusion therapy which will impact the
clinical outcome positively.

There were several factors associated with false-positive
activation, one of them being the absence of chest pain on
presentation. From our study, we found that cardiovascular
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Table 5. Causes of False-Positive Activation in Female Gender

Causes No. (n=27)
Takotsubo cardiomyopathy 5 (18.5%)
Early repolarisation 5(18.5%)
Myopericarditis 3 (11.1%)
Left bundle branch block 3 (11.1%)
Old myocardial infarction changes 3 (11.1%)
Subarachnoid haemorrhage 1 (3.7%)
Pulmonary embolism 1 (3.7%)
Others 6 (22.2%)

collapse, arrhythmias and ECG changes were indication
for direct CVL activation in such patients. Although these
presentations may arise due to AMI, other conditions
can account for them and as such, false-positivity is not
surprising. Similarly, other studies have also reported
varying percentages of false-positive activation in the
absence of chest pain on presentation, ranging from
17.9% to 33%.'%!® However, 80% of all patients without
chest pain on presentation had an acutely occluded culprit
artery in our study. In light of higher prevalence of false-
positive CVL activation of patients without chest pain,
evaluation should be done to identify high risk features
such as haemodynamic instability, cardiogenic shock and
life threatening arrhythmias as recommended by current
guidelines forimmediate invasive evaluation and institution
of appropriate therapy or revascularisation, accepting
potentially higher rates of false-positive activations in this
high risk population."

The European Society of Cardiology (ESC) recommends
urgent coronary angiogram for patients with chest pain
suggestive of MI presenting with new or presumed new
onset LBBB. However, our study showed that presence of
only LBBB inthe ECG s an independent predictor of false-
positive activation. Several studies have also corroborated
our findings, with incidence of AMI in patients with both
chest pain and only new or presumed new LBBB ranging
from 12.2% to 33%.2%*! On the other hand, patients with
ECG showing pre-existing LBBB, Sgarbossa criteria, ie.
ST elevation of at least 1 mm that is concordant with the
QRS complex, or ST depression of at least I mm in leads
V2 and V3 should be used to determine the presence
of AMI.2 In our study, of the 16 patients that had CVL
activation based on the presence LBBB only on ECG, 14
(87.5%) had false-positive activations. Although we concur
with guideline recommendations for CVL activation in
appropriate patients with new LBBB and chest pain with
acceptance ofhigh false-positive activations, efforts should
bemadeto determineifthe LBBB changes were pre-existing
and if so, Sgarbossa criteria be used to diagnose AMI to
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Fig. 3. Graph showing hyperacute T
wave ECG changes.

Fig. 2. Graph showing early
repolarisation ECG changes.

reduce false-positive rates. The chronicity of LBBB at the
time of presentation cannot be established for most patients
because old ECGs are not available for comparison. Hence,
given the heterogeneity of the causes of LBBB other than
AMI, the 2013 American College of Cardiology (ACC)/
AHA guidelines recommended that new or presumed new
LBBB should not be considered diagnostic of AMI in
isolation without other clinical presentations, e.g. chest
pain, suggestive of AMI.

With regard to gender, females have a higher prevalence
of false-positive activation in our study, with the commonest
cause being Takotsubo stress cardiomyopathy, occurring
exclusively in the females. Other studies have also reported
increased prevalence of false-positives in the female
gender.'®

Contrary to previous studies,'®!” our data did not show a
significant increase in the risk of false-positives in patients
with previously known MI, CABG or coronary artery
disease. One possible explanation could be the slightly
selective inclusion criteria for which these patients may
not fulfill and as such may have had a cardiology consult
atthe ED to further stratify the patients for CVL activation.

Our study identified early repolarisation changes as
the most common underlying cause for false-positive
CVL activation accounting for 23 out of 84 false-positive
activations (27%). This represents a common diagnostic
dilemma in the ED which typically occurs in a young
male patient occurring with chest pain. Characteristic
early repolarisation ECG changes include a notch at the J
point most prominently seen in V4, concave ST-segment
elevation and tall asymmetrical T waves (Fig. 2).* This
is in contrast to hyperacute ECG changes with MI where
there is presence of sloped ST-segment elevation with
loss of the normal ST concavity and tall symmetrical T
waves (Fig. 3). If present, a previous ECG showing early
repolarisation changes when the patient had no chest pain
can help differentiate the ECG changes from AMI.

Limitations

Being a single centre study, we are unable to assume that
our data isrepresentative of patients with suspected STEMI
presenting to ED around the world or even in Singapore
for that matter. However, this is partially offset by factors
such as the small size and predominantly urban setting
of Singapore for which there is unlikely to be significant
inter-hospital differences within Singapore.

Conclusion

Inthis series, we demonstrated that there was no significant
increase in false activation rates through the introduction of
direct CVLactivation by emergency physicians. Inaddition,
this emphasis on reduction of DTB time through such
strategy did not result in worse clinical outcome. Factors
associated with increased false-positive CVL activations
especially the lack of chest pain or LBBB only should be
taken into account with the clinical presentation when
makinga diagnosis of AMI. Larger studies or meta-analysis
of similar studies are needed to confirm our findings and
to derive a predictive model to accurately identify AMI
patients who will benefit from CVL activations.
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Focal Nodular Hashimoto’s Thyroiditis: Comparison of Ultrasonographic Features

with Malignant and Other Benign Nodules
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Abstract

Introduction: Hashimoto’s thyroiditis (HT) can present as focal nodular disease. This
study aimed to determine the distinguishing sonographic features of nodules in biopsy-
proven focal HT. Materials and Methods: The study included 388 thyroid nodules from 310
patients who underwent ultrasound-guided fine-needle aspiration biopsy (FNAB). There
were 28 focal HT, 27 malignant and 333 other benign nodules. Sonographic features of focal
HT nodules on prebiopsy ultrasound were compared with malignant nodules and other
benign nodules using multinomial logistic regression adjusting for the correlation between
multiple nodules obtained from the same patient. Results: Most focal HT nodules were
purely solid (92.8%), iso-hyperechoic (70.4%), had regular margins (75.0%) and central
vascularity (85.7%). Hypoechogenicity (29.6% vs 42.3%; P=0.017) and microcalcifications
(3.6% vs 44.4%; P = 0.003) were significantly less common in focal HT than malignant
nodules. None of the focal HT nodules demonstrated marked hypoechogenicity, irregular
margins or cervical lymphadenopathy, which are traditionally associated with malignancy.
Compared to other benign nodules, focal HT nodules were significantly more likely to
be purely solid (92.8% vs 49.0%; P = 0.016), ill-defined (25.0% vs 7.0%; P = 0.004) and
lack comet-tail artefacts (92.9% vs 66.1%; P = 0.012), which in combination were 17.9%
sensitive and 94.6% specific for focal HT. Conclusion: Awareness of the above-described
sonographic appearances of focal HT may aid in differentiating them from malignant
nodules and risk-stratify for FNAB. While there is substantial overlap with other benign
nodules, a combination of the above-mentioned 3 ultrasound features is highly specific for
focal HT and can prompt further serological evaluation in clinically unsuspected HT.

Ann Acad Med Singapore 2016;45:357-63
Key words: FNAB, Ultrasound-guided thyroid biopsy

Introduction

Hashimoto’s thyroiditis (HT), or chronic lymphocytic
thyroiditis, is the most common cause of hypothyroidism
in non-iodine-deficient countries.! The diagnosis is usually
based on clinical and serological (serum antibodies against
thyroid peroxidase and thyroglobulin) findings, with a
limited role for ultrasound imaging.>* Diffuse or patchy
decrease in echogenicity, heterogeneous echotexture with
micronodule formation, parenchymal hypervascularity and
diffuse gland enlargement are the usual sonographic findings
in HT.** Other than these diffuse patterns of involvement,

HT may also present with nodular (often palpable) disease,
with or without background parenchymal changes on
ultrasound. This has been variably called focal or nodular
HT.*> These nodules can coexist with benign hyperplastic
nodules as well as with malignancy, with an increased rate of
lymphoma and papillary carcinoma reported in patients with
HT.>*8 Fine-needle aspiration biopsy (FNAB) is the most
practical way of differentiating these entities. Meanwhile,
it is not unusual for the initial diagnosis of HT to be made
only after a biopsy of a thyroid nodule, suggesting a higher
incidence of HT in the community than that detected from
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“Includes follicular or Hiirthle cell neoplasm, atypia or follicular lesion of undetermined significance.
" One nodule that had a benign FNAB outcome but malignant histology from surgery was classified as malignant.

Fig. 1. Distribution of different types of thyroid nodules in the study sample.

clinical evaluation and biochemistry.>!® By directing the
selection of nodules for FNAB, ultrasound can play a vital
role in the surveillance for malignancy as well as in the
potential early diagnosis of HT. However, currently there is
limited data on the sonographic features of focal HT, with
varying results on the features that distinguish them from
malignant or other benign nodules.*>!!"1# To our knowledge,
there is no previous study from Singapore that has assessed
the ultrasound features of focal HT in the local population.

In 559 thyroid nodules that underwent ultrasound-
guided FNAB, we found that well-defined irregular
margins, microcalcifications, coarse calcifications and
cervical lymphadenopathy were independent sonographic
predictors of malignancy, and the use of a combination of
these features can help to risk-stratify nodules for FNAB
with high sensitivity and specificity of 81.5% and 93.1%,
respectively.' The current study, based on the same patient
cohort, aimed to describe the sonographic findings of
biopsy-proven focal HT and identify features that can
differentiate them from malignant or other benign nodules.

Materials and Methods

The study was performed with approval from the
institutional review board. Between January 2010 and
April 2013, atotal of 559 ultrasound-guided thyroid nodule

August 2016, Vol. 45 No. 8

FNABs were performed in the radiology department of a
tertiary institution. Thyroid nodules with a tissue diagnosis
(from FNAB or surgical pathology, if available) and a
diagnostic ultrasound within 3 months preceding the biopsy
were included in this study. Thus, the final analysis was based
on 388 nodules in 310 patients (60 males, 250 females; age
range, 13 to 83 years; mean age: 53 years + 14 SD) (Fig.
1). There were 28 (7.2%) nodules with focal HT (from 24
patients), 27 (7.0%) malignant nodules (from 19 patients)
and 333 (85.8%) other benign nodules (from 273 patients).
Of the malignant nodules, 23 were papillary carcinomas,
2 were medullary carcinomas and 2 were lymphomas. Of
the other benign nodules, 321 were hyperplastic nodules
and 12 were follicular adenomas. The overall prevalence
of HT in this study population based on ultrasound-guided
FNAB was 7.7% (24 of 310 patients).

The FNABs were performed usinga23-25G needle under
sonographic guidance in the interventional radiology suite.
There was an on-site cytotechnologist available to assess
the adequacy of the biopsy samples. Histological results
were used in lieu of cytology if the nodule underwent
subsequent surgical resection. Relevant clinical (history
of HT and thyroid hormone replacement) and biochemical
(thyroid profile and thyroid antibody levels) information
were also retrieved from the electronic medical records.
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Images of diagnostic ultrasound studies performed
within 3 months preceding the FNAB were retrospectively
reviewed by an attending radiologist blinded to the FNAB
and histological outcomes. The thyroid nodules were
assessed for the following sonographic features: size (in
the longest dimension); multiplicity; consistency (purely
solid, predominantly [>50%] solid, predominantly cystic
and purely cystic); echogenicity of the solid component
(with reference to the thyroid parenchyma and strap
muscles); margins (well-defined regular, well-defined
irregular [microlobulated or speculated] and ill-defined);
the presence of a hypoechoic halo; colloid (tiny echogenic
foci with comet-tail artefacts); a taller-than-wide shape
(anteroposterior diameter more than transverse diameter on
atransverse or longitudinal plane); central vascularity; and
calcifications (rim, coarse or microcalcification). Thyroid
gland enlargement and background parenchymal changes
of diffuse HT (reduced echogenicity equal to or lower than
that of the strap muscles, and heterogeneous echotexture
with micronodule formation and hypervascularity) were
also sought.

Data Analysis

Statistical analyses were performed on a per nodule basis
using the STATA software (version 13.0; StataCorp, College
Station, Texas, USA), assuming a two-sided test with
conventional significance level of 0.05. The demographic
and sonographic features of focal HT were compared with
those of malignant nodules and other benign nodules using
multinomial logistic regression, adjusting for the correlation
between multiple nodules obtained from the same patient
using a clustered robust variance estimation approach by
considering both variability between patients and within the
same patient (at thenodulelevel) in the parameter estimation.

s THYROID TS MP |

Results
Clinical and Biochemical Profile of Patients with Focal HT

Ten patients (with 12 nodules) with biopsy-proven focal HT
had a known prebiopsy diagnosis of HT, of which 8 were on
thyroid hormone replacementand 2 were euthyroid at the time
ofbiopsy. Meanwhile, the remaining 14 patients (16 nodules)
had their first diagnosis of HT made on ultrasound-guided
FNAB. Mostofthem were euthyroid with only 1 hypothyroid
(elevated thyrotropin [TSH] and low free thyroxine [T4]
levels) patient. Antithyroglobulin and antithyroid peroxidase
antibody titres were available in 19 of the 24 patients and
were elevated in 16 of them (84.2%).

Background Ultrasound Features of HT

All patients with biopsy-proven focal HT had diffuse
heterogeneity of the parenchymal echotexture, while 14
(58.3%) of them had the typical appearance of diffuse HT
(micronodule formation, reduced parenchymal echogenicity
equal to or lower than that ofthe strap muscles and increased
vascularity) (Fig. 2). Twenty-one patients (87.5%) had an
enlarged thyroid gland (anteroposterior diameter more than
18 mm)'¢ at ultrasound, while the rest had a normal-sized
thyroid gland.

Demographic Information and Sonographic Features of
Nodules in Focal HT and Comparison with Malignant and
Other Benign Nodules

Among the 24 patients with HT, 23 (95.8%) of them were
female. The mean age was 46 years + 15 (SD) (range, 18
to 82 years). There was no significant difference in age and
gender between patients with focal HT, malignant nodules
or other benign nodules (Table 1).

Fig. 2. A) is a transverse greyscale image of the thyroid gland from a 44-year-old woman referred for a diffuse goitre. There was no known history of HT. The thyroid
gland shows diffuse asymmetrical enlargement (right lobe more than left). There are features of diffuse HT in the background parenchyma—heterogeneous echotexture
with micronodule formation (arrow) and geographic areas of hypoechogenicity (comparable to that of the strap muscles). However, no discrete focal nodule is otherwise
seen in this cross section. B) is a colour Doppler image of the left thyroid lobe demonstrating increased parenchymal vascularity, another feature of diffuse HT.
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Table 1. Demographic and Sonographic Features of Focal HT, Malignant and Other Benign Nodules

Nodules Focal HT vs Malignant Focal HT vs Other Benign
e e ey omeon PV CGlley P

Age, mean = SD 49+ 16 48 £ 16 55+ 14 1.00 (0.95 to 1.05) 0.947 0.97 (0.94 to 1.00) 0.081
Ezyeﬂ;gender’ no. (%) of 27 (96.4) 22 (81.5) 270 (81.1)  6.14 (0.56 to 66.98) 0.137  630(0.83t048.09)  0.076
iigg’f’“’d“le Rl 19+ 13 17+ 13 24+ 12 1.02 (0.94 to 1.11) 0.605 0.95(0.90t0 1.01)  0.106
Internal content, no. (%)

g :;;gng:ifl;’zysﬁc 1(3.6) 13.7) 77 (23.1) 1.00 (reference) - 1.00 (reference) -

Purely solid 26 (92.8) 25(92.6) 163 (49.0) 1.04 (0.06 to 18.13) 0.979 12.29 (1.59 t0 95.03) 0.016

Predominantly solid 1(3.6) 1(3.7) 63 (18.9) 1.00 (0.02 to 50.74) 1.000 1.22 (0.07 to 20.06) 0.888

Spongiform® 0(0.0) 0(0.0) 30 (9.0) - - - -
Taller-than-wide shape, no. (%) 2(7.1) 6(22.2) 18 (5.4) 0.27 (0.03 to 2.36) 0.236 1.35(0.17 to 10.59) 0.778
Margins, no. (%)

Well-defined regular 21 (75.0) 7 (25.9) 300 (90.1) 1.00 (reference) - 1.00 (reference) -

Well-defined irregular

(microlobulated or 0(0.0) 16 (59.3) 8(2.4) - - - -

spiculated)

I1l-defined 7 (25.0) 4(14.8) 25 (7.5) 0.58 (0.13 to 2.69) 0.490 4.00 (1.57 to 10.16) 0.004
Echogenicity of solid
component,® no. (%)

Isoechoic 15 (55.6) 3 (11.5) 169 (57.1) 1.00 (reference) - 1.00 (reference) -

Hypoechoic 8(29.6) 11 (42.3) 85 (28.7) 0.15(0.03 t0 0.71) 0.017 1.06 (0.43 to 2.62) 0.899

Markedly hypoechoic 0(0.0) 10 (38.5) 5(1.7) - - - -

Hyperechoic 4(14.8) 2(7.7) 37 (12.5) 0.40 (0.05 to 3.24) 0.391 1.22 (0.39 to 3.80) 0.734
Solitary nodule, no. (%) 2(7.1) 4(14.8) 28 (8.4) 0.44 (0.05 to 3.94) 0.465 0.84 (0.18 to 3.80) 0.891
Hypoechoic halol, no. (%) 13 (52.0) 3(12.0) 175 (69.2) 7.94 (1.95 t0 32.34) 0.004 0.48 (0.22 to 1.04) 0.063
Calcifications, no. (%)

No calcification 25 (89.2) 12 (44.4) 315 (94.6) 1.00 (reference) - 1.00 (reference) -

Microcalcifications 1(3.6) 12 (44.4) 3(0.9) 0.04 (0.005 to 0.33) 0.003 4.20 (0.44 to 39.64) 0.211

Rim calcifications 1(3.6) 0(0.0) 3(0.9) - - 4.20 (0.42 to 42.24) 0.223

Coarse calcifications 1(3.6) 3(11.2) 12 (3.6) 0.16 (0.01 to 1.76) 0.134 1.05 (0.13 to 8.80) 0.964
Comet-tail artefacts,’ no. (%) 2(7.1) 1(3.9) 113 (33.9) 1.92 (0.16 to 23.38) 0.608 0.15 (0.03 to 0.66) 0.012
Central vascularity,® no. (%) 24 (85.7) 19 (73.1) 235 (70.6) 2.21 (0.60 to 8.18) 0.235 2.50 (0.85 to 7.33) 0.094
Cervical lymphadenopathy’ 0(0.0) 5(18.5) 0(0.0) ) ) ) )

no. (%)

HT: Hashimoto’s thyroiditis; RRR: Relative risk ratio; SD: Standard deviation
“Obtained using multinomial logistic regression accounting for the correlation between multiple nodules obtained from the same patient.
"No further analysis performed as spongiform consistency was only seen in other benign nodules.

‘Excluding purely cystic nodules.

SThere were diffuse coarse calcifications in one malignant nodule, which prevented further assessment of echogenicity, vascularity and for presence of

comet tail artefacts.

IExcluding purely cystic or predominantly cystic nodules.

No further analysis performed as cervical lymphadenopathy was only seen in malignant nodules.

August 2016, Vol. 45 No. 8
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Fig. 3. Longitudinal greyscale image of cytology-proven focal HT from a
30-year-old woman with diffuse goitre. There was no known history of HT.
The nodule (marked by cursors) is purely solid with ill-defined margins,
isoechoic and lacks internal colloid (tiny echogenic foci with posterior
comet-tail artefacts). The background parenchyma demonstrates features
of diffuse HT.

Nodules in focal HT were most often purely solid (92.8%)
with well-defined regular margins (75.0%) and isoechoic
to the thyroid parenchyma (55.6%). A substantial minority
(25.0%) had ill-defined margins (Figs. 3 and 4). Most of
the nodules demonstrated central vascularity (85.7%). A
hypoechoic halo was present in almost half the nodules.
Colloid (comet-tail artefacts) (7.1%), a taller-than-wide
shape (7.1%) and calcifications of any kind (10.8%) were
infrequently seen (Table 1).

Nodules in focal HT were significantly less likely than
malignant nodules to be hypoechoic (29.6% vs 42.3%;
crude relative risk ratio [CRRR] = 0.15; 95% CI, 0.03 to
0.71; P = 0.017) or contain microcalcifications (3.6% vs
44.4%; CRRR = 0.04; 95% CI, 0.005 to 0.33; P =0.003),
and were more likely to have a hypoechoic halo (52.0%
vs 12.0%; CRRR = 7.94; 95% CI, 1.95 to 32.34; P =
0.004) (Table 1). Well-defined irregular (microlobulated or
spiculated) margins, marked hypoechogenicity and cervical
lymphadenopathy were not seen in any nodule with focal HT
but were present in 59.3%, 38.5% and 18.5% of malignant
nodules, respectively.

Compared to other benign nodules, focal HT rarely had
comet-tail artefacts on ultrasound (7.1% vs 33.9%; CRRR
=0.15;95% CI, 0.03 to 0.66; P =0.012). Meanwhile, they
were significantly more likely to have ill-defined margins
(25.0% vs 7.5%; CRRR =4.00; 95% CI, 1.57 to 10.16; P
= 0.004) and purely solid consistency (92.8% vs 49.0%;
CRRR=12.29;95%CI,1.59t095.03; P=0.016) (Table 1).

There were 5nodules (17.9%) with focal HT thatdisplayed
a combination of the 3 sonographic features of purely solid
consistency, ill-defined margins and absence of colloid. This
combination was rarely seen in other benign nodules (18
nodules; 5.4%). Using the coexistence of these 3 sonographic
features as an indicator of focal HT, the diagnostic sensitivity
and specificity were 17.9% and 94.6%, respectively. Four

Fig. 4. A) Longitudinal greyscale image of cytology-proven focal HT from
a 52-year-old woman with diffuse goitre. There was no known history of
HT. The nodule (marked by cursors) is purely solid with ill-defined margins,
isoechoic to the background parenchyma and lacks comet-tail artefacts. The
background parenchyma is unremarkable except for subtle heterogeneity.
B) Transverse greyscale image of the same nodule (marked by cursors).

of these nodules were from patients in whom FNAB led
to the initial diagnosis of HT.

Discussion

OnFNAB, HT demonstrates follicular atrophy, metaplastic
Hiirthle cells and diffuse lymphocytic infiltration in close
association with follicular cells and varying degrees of
fibrosis.>*!” The prevalence of HT based on ultrasound-
guided FNAB in our study population was 7.7%, within
the range (4% to 13.4%) quoted in previous FNAB-based
studies**!*!* and much higher than the reported clinical
prevalence of HT (0.5% to 0.8 %).!? Staii et al rationalised
this discrepancy with the intuitive argument that cytological
diagnosis would always precede clinical diagnosis.!® We
believe that the element of selection bias may also account
for the higher frequency of HT in cytology-based series.

Thenodulesin focal HT have been described on ultrasound
as hypoechoic with ill-defined margins by Takashima et
al,’® solid and hyperechoic with ill-defined margins by
Langer et al,* and solid and hypoechoic with a substantial
minority (40%) possessing ill-defined margins by Anderson
et al.’ In our study, most of the focal HT nodules were solid
(92.8%) and iso-hyperechoic (70.4%) with well-defined
regular margins (75.0%) and central vascularity (85.7%).
Diffuse heterogeneity of the background parenchyma
(100%) and enlargement of the gland (87.5%) were also
frequently encountered, although the typical micronodular
parenchymal pattern was seen in less than 60% of our
patients. Once again, this may be attributed to cytology
permitting early diagnosis, which is also indicated by the
euthyroid status of the majority of our patients.

The association between HT and papillary thyroid
carcinoma has been widely described, with frequency
of cancer between 10% to 58% on surgical pathology

Annals Academy of Medicine



series.”®!21 The risk of thyroid lymphoma, while still very
low overall, hasalso been reported to be up to 80 times higher
inthe presence of HT.*¢ Tt has therefore been recommended
that FNAB be performed in patients with HT and a suspicious
nodule.'? Therole of ultrasound in selecting discrete thyroid
nodules for biopsy in patients with HT is unclear. Some
studies recommend risk stratification using ultrasound,
based on previously published sonographic criteria for
malignancy,'1>?° while others have failed to demonstrate
specific features that can differentiate focal HT from
malignancy.*!* Overall, our results are broadly in agreement
with the former thought. Previously described sonographic
features of malignancy such as hypoechogenicity, marked
hypoechogenicity, irregular margins, microcalcifications
and cervical lymphadenopathy are significantly more
common in malignancy than focal HT. Meanwhile, other
features associated with malignantnodules, such as a taller-
than-wide shape and coarse calcifications were not useful
in differentiating them from focal HT. This may be due
to the increased fibrosis in focal HT nodules, leading to a
harder consistency and decreased compressibility with a
resultant taller-than-wide shape.?! Increased fibrosis may
alsoaccount for dystrophic calcifications manifesting as coarse
calcification on ultrasound.?? Central vascularity was almost
equally frequent in both focal HT and malignant nodules
(85.7% vs 73.1%). This may be attributed to the increased
sensitivity of modern high quality scanners in detecting even
mild degrees of internal vascularity in solid nodules.?

Few studies have directly compared sonographic features
of cytology-confirmed focal HT with those of other benign
nodules. Anderson et al'! found focal HT to be more likely
solid, isoechoic, avascular and ill-defined. Fu et al found
most nodules in focal HT to be hypovascular, although
some of them had a specific hypervascularity that they
termed ‘focal thyroid inferno’ (vascularity throughout the
entire nodule)."* We found considerable overlap in the
sonographic features of focal HT and other benign nodules,
although a few interesting observations were made. Almost
all the nodules in focal HT (92.8%) were purely solid,
compared to less than half (49.0%) of the other benign
nodules. This can be explained by considering the natural
history of hyperplastic nodules in multinodular goitre,
whereby cycles of exacerbation and remission have led to
haemorrhage and cystic degeneration, forming cystic spaces
filled with blood product and colloid.* The same concept
also explains the rarity of comet-tail artefacts in focal HT
(7.1% vs 33.9 %), since this phenomenon is a signature of
colloid within a thyroid nodule.?? A quarter of nodules in
focal HT also had ill-defined margins, which were rarely
seen in other benign nodules (7.5%). In HT, this may be
due to heterogeneous background echotexture secondary
to diffuse or focal inflammatory infiltration.
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In our study, more than half of the patients with HT had
their initial diagnosis made on ultrasound-guided FNAB.
In an attempt to recognise a diagnostic imaging pattern for
focal HT in relation to other benign nodules, we found that
a combination of 3 greyscale sonographic characteristics
(namely, purely solid consistency, ill-defined margins and
absence of comet-tail artefacts) was almost 95% specific for
focal HT. When present on ultrasound, these features can
prompt further serological evaluation for HT in clinically
unsuspected cases. This may be especially useful when
there are no background parenchymal features of HT.
An early diagnosis of HT may be particularly valuable in
women of child-bearing age, since maternal thyroid status
has a major impact on the fetal outcome as well as on the
well-being of the newborn.>* However, the usefulness of
this combination of sonographic features is limited by its
low sensitivity (17.9%).

There are limitations to our study. There is selection bias
as the nodules in our study population have been referred
for FNAB only after diagnostic ultrasound, and may have
been assessed to be of a higher risk of malignancy from
clinical history or imaging features. A relatively small
number of focal HT and malignant nodules have been
compared with a large number of other benign nodules.
However, it may be argued that this reflects the practical
clinical scenario. The ultrasound images were assessed
by a single radiologist. Nevertheless, previous studies
have reported fair to substantial interobserver agreement
for the assessment of greyscale and Doppler sonographic
features.?>” We relied on cytological outcomes instead of
surgical pathology to assign most of the diagnoses. However,
the high diagnostic accuracy of thyroid nodule FNAB is
well-acknowledged.?®

Conclusion

Most focal HT nodules are purely solid and iso-
hyperechoic with well-defined margins and central
vascularity. Previously described sonographic criteria for
malignancy remain useful in distinguishing malignant
nodules from focal HT and can be used to risk-stratify
nodules for FNAB in the ultrasound follow-up of HT.
However, some features associated with amalignantnodule
(namely, a taller-than-wide shape, coarse calcifications
and central vascularity) may be less useful. While there
is substantial overlap in sonographic features with other
benign nodules, a combination of purely solid consistency,
ill-defined margins and absence of comet-tail artefacts
is highly specific for focal HT. This can prompt further
serological evaluation and possible early diagnosis of
clinically unsuspected HT, although its value is limited by
low sensitivity.
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Letter to the Editor

Use of Prediction Models for Risk Analysis and Decision-Making in Public Health—
The Catch-22 Conundrum

Dear Editor,

Shirin Kalimuddin and colleagues presented a paper on
“Dengue disease modelling and forecasting: utility and
limitations” inthe April 2016 edition of Annals. Referencing
the joint mediarelease by the National Environment Agency
(NEA) and Ministry of Health (MOH) on 18 February
2016,' Kalimuddin et al discussed the limitations of models
and forecasting as useful tools for eliciting a response to an
impending outbreak. We believe the paper misrepresents
some aspects of how dengue is controlled and managed
in Singapore.

We agree that, as with many scientific methods,
mathematical modelling has its limitations, and we
welcome the authors particularly highlighting studies such
as the Ebola models. However, readers would be wrong to
conclude that mathematical modelling outputs should be
dismissed. In particular, the authors did not mention the
many successful modelling studies that have facilitated
public health policies, such as the robust regression analysis
method—Ieast absolute shrinkage and selection operator
(LASSO)—behind the Singapore dengue forecast.> As
discussed in the published paper, because LASSO is built to
optimise the accuracy of prediction by the forecast model,
using separate sub-models for each forecast week shows
little degradation in the quality of'its long-term predictions.
In fact, in the past years, we have accurately predicted the
large dengue outbreaks of both 2013 and 2014, and the Iull
year of 2015. This was enabled by a good knowledge of
the overall epidemiology of dengue in Singapore, to which
modelling contributes. Yap and colleagues have described
the comprehensive risk analysis, in addition to the model,
performed by NEA that supported the prediction of'a higher
number of cases in 2016, in the media release.’

Based on NEA’s surveillance and risk analysis programme,
factors such as warmer temperature, increase in mosquito
population and switch in serotype of circulating virus
were taken into consideration together with output from
the dengue model to arrive at the dengue forecast, as
elaborated below. Briefly, the 2015 El Nifio phenomenon
is expected to drive up the dengue incidence on both the
global and regional scale. The unusually high dengue
incidence observed at the beginning of 2016 was likely
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due to the increase in temperature caused by this weather
condition. Correlation analysis of the previous peak El
Nifio 3.4 sea surface temperature (SST) in 1997 showed
a two-tiered delayed effect on dengue cases. The dengue
incidence increased 1 to 2 months after the peak of El
Nifio 3.4 SST, and again 7 to 8 months later—Ieading
to the well-known 1998 dengue pandemic that affected
many countries globally. This was further supported by a
collaborative study where researchers analysing dengue
epidemics in Southeast Asia saw a synchronised increase
in dengue incidence in this region in 1998, 1 year after the
1997 El Nifno simultaneously heated up this large area.*
The 2015 EI Nifio 3.4 SST peaked in December and has
appeared to be just as strong as that observed in 1997, thus
suggesting a poor dengue outlook in 2016.

Atthe same time, the Aedes aegypti mosquito population,
from NEA’s Gravitrap surveillance system, showed a
persistent increase from the end 0f2015 to the beginning of
2016. Compared to the same period in January 2015, 50%
more Aedes aegypti mosquitoes were caught in Gravitraps
deployedislandwide. The number of 4edes aegyptibreeding
in homes found during NEA’s regular inspections in early
2016 was also 50% more than in the same period in January
2015. Furthermore, NEA’s and MOH’s virus surveillance
had detected a switch in the predominant dengue serotype
(from dengue virus type 1 [DENV-1] to dengue virus type
2 [DENV-2]) towards the end of 2015. In the last 10 years,
it has been observed that a change in predominant dengue
virus serotype has been followed by a spike in dengue cases.’

NEA’s studies on blood donor samples from Singapore
residents, in collaboration with the Health Sciences
Authority of Singapore (HSA), have shown consistently low
dengue herd immunity in our resident population. Dengue
seroprevalence in young adults (16 to 30 years old) was low,
with serotype-specific immunity of 13.4% for DENV-1 and
16.3% for DENV-2 in 2013. Thus, the Singapore resident
population remains highly susceptible to dengue.

The warmertemperatures, increase inmosquito population
and change in main circulating virus serotype, juxtaposed
with low dengue herd immunity of Singaporeans, support
the statistical projection of dengue cases in2016. This model
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has been a useful tool to support decision-making for NEA
and has been continuously finetuned to incorporate more
data as they become available.

Readers may erroneously assume that a pre-emptive
response to adengue outbreak involves only a surge capacity
contributed by a “pool of readily available trained human
resource in disease surveillance and control (that) could be
activated at shortnotice”. Itisnoteworthy to highlight thatan
effective dengue control programme involves the collective
and coordinated effort of many stakeholders, including the
community.® The article “Dengue is a community battle”
in the media demonstrates such understanding, even in the
lay community.” Besides public education and mobilisation,
NEA leads an Inter-Agency Dengue Task Force (IADTF)
comprising 25 stakeholders from the public, private and
people (3P) sectors, to coordinate nationwide dengue control
efforts. Temporal risk stratification through forecasting has
allowed NEA and MOH to make a timely call for action
among stakeholders through national campaigns and internal
coordination.

A case in point is the media release “Dengue cases may
exceed 30,000 in 2016” referenced by the authors.® In view
of the potential risk of a severe dengue outbreak in 2016,
the release was put out as a public risk communication,
designed to disseminate this alert to stakeholders and the
community, and advise the public on what they could
do to suppress the mosquito population, such as taking
appropriate precautions to prevent mosquito breeding.
Risk communication is an integral part of any public health
programme and it is not done lightly. It is a fundamental
part of the Singapore dengue control programme which
strongly focuses on interepidemic surveillance and control,
risk-based prevention and intervention, and coordinated
intersectoral cooperation.®

Internally, NEA has stepped up its outbreak response to
the heightened threat alert. This includes enhanced vector
surveillance with the assistance of additional temporary
officers to augment the regular vector control workforce.
Since then, over 350,000 home inspections have been
performed, with over 3000 Aedes breeding sites containing
approximately 100,000 larvae, removed. Islandwide
Gravitrap surveillance, where 30,000 traps across 5000
Housing and Development Board (HDB) blocks have
been deployed, has also removed over 20,000 adult Aedes
mosquitoes. The risk analysis prompted NEA’s earlier
outbreak preparation, including stockpiling of diagnostic
kits, insect repellent and insecticides.

The recent decline in dengue cases noted by Kalimuddin
etalis of course highly encouraging. Though climatological
drivers could have contributed to this fall, the combined
impact of participation in source reduction from the
community and stakeholders must be given due credit.

After all, the low dengue seroprevalence of the local
population and low endemicity testifies to the positive
impact of such integrated vector management practice in
Singapore.® The low seroprevalence rate among Singapore
residents’ puts Singapore in the unusual situation of being
a low transmission area with a low force of infection,!°
despite being a location that is highly suited to high Aedes
endemicity. Nevertheless, Singapore cannot rest on its
laurels. The typical dengue season is approaching and a
high number of cases prior to the season could serve as a
launching pad that quickly drives dengue cases to epidemic
levels.

As the statistician, Dr George EP Box, wisely said:
“Essentially, all models are wrong, but some are useful”.
The use of prediction models for risk analysis and decision-
making in public health isa catch-22 situation. If the outbreak
occurs as predicted, it may be perceived that intervention
measures were insufficient or ineffective, as they failed to
mitigate the heralded outbreak, but if the actual case count
is lower or higher than predicted, it is natural to infer that
the model itself was inaccurate. It is clearly not feasible to
observe what would happen in the absence of control efforts
and validate predictions of large epidemics that require a
strong response; this is one reason why no forecaster would
ever claim absolute certainty, especially when pertaining
to complex biological, ecological, meteorological and
environmental systems, such as those governing dengue
transmission. Modelling output, as much as other signs
of an impending outbreak such as mosquito numbers or
meteorological data, has a role to play in guiding—but
not dictating—policy, and public health authorities and
policy makers should not be deterred from using prediction
models to guide risk communications, outbreak preparation
and response.
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Reply to “Use of Prediction Models for Risk Analysis and Decision-Making in Public
Health—The Catch-22 Conundrum”

We are pleased that our editorial' has triggered a debate
on the usefulness of prediction models to guide disease
preventive operations. Indeed, we believe that any disease
preventive programme should be regularly and critically
reviewed to ensure that the approaches to protect our
population are firmly grounded on all available evidence.

Mathematical models have and will continue to impact
on our understanding of disease epidemiology as well as
generate new hypotheses that shape studies to improve
disease prevention. The question before us is whether
such models are ready to be applied as predictive tools for
epidemics to scale the intensity of control measures. While
the authors have acknowledged that mathematical models are
imperfect, they contend that such predictive models should
stillnonetheless be used to guide disease control operations.
As an example, they reported their recent experience in
having removed more than 20,000 adult mosquitoes using
their Gravitrap, as well as stockpiling of diagnostic kits,
insecticides and insect repellents. While this is indeed
laudable, it also raises the question of what would happen
if the model inaccurately predicts low dengue incidence
for the year?

The use of mathematical models to predict disease
incidence and guide public health operations is, in many
ways, similar to the development of biomarkers as
prognostic tools to guide case management. Demonstration
of statistically robust, reproducible sensitivity and specificity
is an absolute requirement, both from a scientific and
ethical standpoint, before any biomarker can be applied
clinically. Can similar studies be carried out to demonstrate
the robustness of any predictive models?

Indeed, this was a question that was addressed recently,
shortly after our editorial was published in April this year.
Reich and colleagues developed a real-time forecasting
model for dengue and applied itin 77 provinces in Thailand.?
The authors observed mixed performance of the model
across the provinces. Their finding suggests heterogeneity
in the various factors that influence the performance of their
model, making prospective validation of any predictive
model through studies in different countries or regions,
difficult. These findings also suggest that models that are
tailored to cater to the nuances in each geographic location,

such as the one described by the National Environment
Agency (NEA), could have greater accuracy in prediction
compared tomodels that apply generic parameters. However,
statistical validation of such models will require long periods
of prospective testing for robustness.

Perhaps it may be more helpful to compare predictive
models that cater to the uniqueness of a specific locality,
such as Singapore, to personalised medicine. Personalised
medicine stratifies disease into different groups for
management, based on a plethora of genetic, protein or even
metabolomic signatures. In such instances, biomarkers are
identified from the molecules that play key mechanistic
roles in pathogenesis, which is especially useful when the
prevalence of cases that display specific bio-signatures, is
low. Here, the similarity between predictive models and
personalised medicine ends; unlike biomarkers that are
grounded on disease mechanisms, predictive models rely
on parameters that have shown statistical association with,
but not causation of dengue epidemics.

The factors that influence dengue transmission and
hence, risk of epidemics, are not completely understood.
Herd immunity against each of the 4 dengue virus (DENV)
serotype, as pointed out by the authors, obviously plays a
majorrole. Indeed, we and others have examined how the low
herd immunity, as a consequence of the low 4edes mosquito
population density in Singapore have profoundly shaped the
re-emergence of dengue in Singapore.*¢ Aless well-defined
butprobably underestimated factor is the fitness of the virus.
DENVs are not monolithic; genomic differences give rise
to strains that differ in epidemiological fitness. We showed
recently that as few as 3 nucleotide substitutions in the 3’
untranslated region (3’UTR) of the DENV genome altered
the ability of the virus to suppress interferon induction.” The
reduced interferon expression during infection contributed,
atleast in part, to the ability of this strain of DENV to spread
epidemically in Puerto Ricoin 1994.” Likewise, alterations in
the 3’UTR sequence also could have contributed to another
outbreak in Nicaragua in 2005.® However, the science
that links genetic mechanisms to epidemic transmission
is still in its infancy and thus, not sufficiently mature to
be incorporated into predictive models. Consequently, the
fitness of circulating strains of DENV could be a major
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confounding factor of the accuracy of current predictive
models. It is thus plausible that emergence or introduction
of an epidemiologically fit DENV could cause a major
epidemic despite prediction of low dengue incidence based
on climatic and other parameters considered in the model.

Mathematical models have exciting potential to be used as
tools to predict disease incidence and guide or scale disease
control measures accordingly. However, for mathematical
models to be used in such a manner to safeguard our
population’s health, the quality of evidence for the use
of such tools should meet the same rigour as prognostic
biomarkers for case management. Until then, we believe
that reduction of 4edes larval habitats regardless of the risk
of epidemics, which is a strategy that has served Singapore
well for decades,* should continue to remain the emphasis
of our dengue prevention programme. In that, there is no
conundrum.
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Letter to the Editor

Comparison of the Haemodynamic Parameters of Venous
and Arterial Coronary Artery Bypass Conduits

Dear Editor,

Coronary artery bypass grafting (CABG) is an established
revascularisation treatment for patients with coronary
artery disease (CAD). However, the graft patency rate
varies significantly among different bypass graft conduits.
Ten years after CABG, more than 90% of the left internal
mammary artery (LIMA) grafts are patent' but the patency
rate of saphenous vein grafts (SVGs) ranges from 40%
to 50%.? Radial artery (RA) grafts have better long-term
patency than SVGs.?

The pathogenetic mechanisms responsible for the early
development of thrombosis, intimal hyperplasia (IH)
and atherosclerosis in grafts remain elusive. Physicians
generally believe that haemodynamic forces on blood
vessels, especially wall shear stress (WSS), play an
important role in initiating the process of atherosclerosis.*?
Signalling pathways have been proposed to mediate the
mechanochemical transduction in endothelial cells in
response to disturbed flow and WSS.¢

Recent developments in transit time flowmetry
(TTFM) not only provide intraoperative mean graft flow
(MGF), pulsatility index (PI) and diastolic filling (DF)
measurements, butalso provide a foundation for estimating
WSS from the MGF and graft diameter. We hypothesise
that WSS may play a role in graft patency and the purpose
of'this study was to examine the relationship between graft
conduittypes and haemodynamic parameters, such as MGF,
PI, DF and WSS.

Materials and Methods

The study was approved by the local ethics committee.
We recruited 38 patients who had undergone CABG with
TTFM of bypass grafts. All surgeries were performed
following a standard protocol. Graft and coronary vessel
diameters were measured using a surgical metal probe.

TTFM measurements were performed for all the patients
with either MEDISTIM VeriQTM or VeriQTM C system,
which provided MGF (time-averaged graft flow rate, mL/
min), P (the pulsatility of flow, calculated as PI=maximum
flow - minimum flow/mean flow) and DF (the fraction of
diastolic volume flow to total flow) as shown in Figure 1.
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Fig. 1. Arepresentative transit time flowmetry (TTFM) record for a coronary
artery bypass grafting (CABG) patient. A typical curve has an M-shape.
The blue and the red colours represent the flow during diastolic and systolic
phases, respectively.

Using a modified Hagen-Paiseuille equation,” WSS was
calculated as:
wss = S2-

aD?

where p was the blood viscosity, 0.0035 kg/me-s. Q and
D represented the MGF and graft diameter respectively.

All datawere grouped according to the bypass type: LIMA,
SVG and RA. One-way analysis of variance (ANOVA)
was used to compare the continuous data of these 3 groups.
Non-linear regression was used to quantity the association
between 2 continuous variables. All statistical analyses were
performed using SPSS Version 21 software.

Results

A total of 38 patients were studied, with mean age at 60
+ 8 years and median heart rate of 75 + 13/min. Thirty-
one patients (81.6%) had hyperlipidaemia, 29 (76.3%) had
hypertension, 13 had diabetes mellitus (34.2%)and 5 (13.2%)
had priormyocardial infarction. TTFM measurements were
performed on 89 grafts: 35 LIMA, 45 SVG and 9 RA. No
significant differences in patient characteristics (age, sex,
BMI, coronary risk factors, presurgery left ventricular
ejection fraction (LVEF) or medical history) were observed
among the 3 groups of patients (with LIMA, SV and RA
grafts) separately.
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Table 1. Haemodynamic Data

LIMA % RA P Value
MGF (mL/min) 25+13 39+21 28 +18 0.004
PI 2.7+1.1 30£1.8 2.0+0.6 0.178
DF (%) 76+ 8 66+ 11 70+ 7 <0.001
Graft diameter (mm) 1.8+0.4 3.7+0.6 2.6+0.5 <0.001
WSS (dyn/cm?) 302+229 4.6+2.1 10.1+64 <0.001

DF: Diastolic filling; MGF: Mean graft flow; LIMA: Left internal mammary
artery; PI: Pulsatility index; RA: Radial artery; SV: Saphenous vein; WSS:
Wall shear stress

In general, median MGF, PI and DF values for all graft
types (LIMA: MGF = 25 mL/min, PI = 2.7, DF = 76%;
SV: MGF = 39 mL/min, PI = 3.0, DF = 66%; RA: MGF
=28 mL/min, PI = 2.0, DF = 70%) were all satisfactory
(Table 1) according to TTFM guidelines® of MGF >15
mL/min, PI <5 and DF >25%. Graft types were observed
to significantly affect MGF (Q) (P = 0.004) and DF (P
<0.001), but no PI (P >0.05).

SVGhadslightly higher MGF (39 + 21 mL/min) than that
of LIMA (25+ 13 mL/min) or RA (28 + 18 mL/min) grafts.
Lower DF was found for SV (66 + 11%) than that of LIMA
(76 = 8%) or RA (70 £ 7%) grafts. These observations were
congruent with data reported by Kieser et al® who studied
TTFM in 336 consecutive patients (Fig. 2). Because they
only reported the data of grafts with PI <5 and had only
a small sample size of SVG (n = 15), there was smaller
variation ranges of their data in contrast to ours.

Graft diameters significantly differed among the 3 graft
types (P <0.001) (Table 1). SVG had larger diameter (3.7
+ 0.6 mm) than either LIMA (1.8 £ 0.4 mm) or RA (2.6 +
0.5 mm). The observed diameters of grafts were close to the
values reported by Shimizu et al.” Significant differences
were found in WSS for the 3 graft types (P <0.001) (Table
1). Lower WSS was found in SVG (4.6 = 2.1 dyn/cm?)
than either LIMA (30.2 +22.9 dyn/cm?) or RA (10.1 + 6.4
dyn/cm?), which was in agreement with an intravascular
Doppler-tipped angioplasty study.” Similar WSS values
of SVG (5 + 2 dyn/cm?) was reported by a postoperative
coronary angiography study.” There was significant non-
linear relationship found between WSS and graft diameter
for LIMA and SVG (P <0.05). This inverse relationship
between WSS and graft diameter could be explained by
the Hagen-Paiseuille’ equation, which states that WSS is
inversely proportional to the third power of the internal
radius.

Discussion

It has been speculated that WSS may be one of the major
factors affecting graft patency. Local low WSS (<4 dyn/
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Fig. 2. Comparisons of a) MGF, mean graft flow; b) PI, pulsatility index;
and c) DF, diastolic filling between current and reported® studies.

cm?) was observed to lead to increase of platelet activation,
vasoconstriction, oxidative state and cellular turnover, which
may resultin the switching ofarterial endothelial phenotypes
from atheroprotective to atherogenic.!'” In vitro experiments
that subjected human saphenous vein to laminar flow
reported thatneointima formation was completely inhibited'!
when WSS =9 dyn/cm? and only partly suppressed when
WSS =1 dyn/cm?. In this study, WSS of SVGs was found
to be significantly smaller than either LIMA or RA, and it
varied between 2.5 and 6.7 (dyn/cm?); 42% of SVGs had
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WSS <4 dyn/cm?. Therefore lower WSS of the SVG may
be associated with initiation of intimal hyperplasia and/or
atherosclerotic signalling and processes that induce graft
failure and lead to lower graft patency rate of SVG'? than
LIMA and RA grafts.

As graft diameter was found to have an inverse relationship
with WSS, smaller diameter of SVG was believed to lead
to higher (and desirable) WSS and may finally result in
the improvement of graft patency rate. This observation is
consistent with some studies, which demonstrated that large
vein calibre was associated with poor patency.'

Discordance was observed when researchers attempted
to link their TTFM measured data (MGF, PI and DF) with
graft patency rates.®"* The results of our study lend support
to the usefulness of assessing WSS from intraoperative
TTFM for better prediction of graft patency. The recent
emergence of new TTFM technology not only allows the
measurement of intraoperative flow parameters, but also
enables the capture of intraoperative epicardial images,
which can help in determining graft diameter and calculate
WSS of grafts in real time during the surgery.

Strengths of this study include the linking WSS of
grafts with the different types of graft conduits. The
main limitation of this study is that WSS was estimated
from Hagen-Paiseuille equation and it might not be as
accurate as values derived from numerical simulations on
3D patient-specific models reconstructed from computed
tomography (CT) and/or magnetic resonance imaging
(MRI) images."* Nevertheless this method has been used
in previous studies.”'> We believe that the WSS calculated
in this study provides a good benchmark for comparison
among the 3 types of bypass conduits.

Conclusion

In this study, lower WSS was found for SVGs than for
either LIMA or RA grafts. WSS of SVG varied between
2.5 and 6.7 (dyn/cm?) and 42% of SVGs had WSS <4 dyn/
cm? Low WSS associated with SVG was conjectured to
resultin the generation of atherosclerosis and graft stenosis.
Appropriate selection of SV segment with suitable calibre is
thus necessary to accommodate physiological WSS, which
may help improve SVG patency rate.
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Letter to the Editor

Circulating Microparticle Double-Stranded Deoxyribonucleic Acid
in Systemic Lupus Erythematosus

Dear Editor,

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease with complex pathogenesis whichis yet
to be completely understood. Since the original discovery
of anti-double-stranded deoxyribonucleic acid (dsDNA)
antibodies, the general result from intense research has
been that native mammalian dsDNA is not immunogenic,
even if presented with complete Freund’s adjuvant.' This
is despite an antigen-driven response as evidenced by the
clonality of anti-dsDNA antibodies and patterns of random
somatic mutations in both patients and murine models of
SLE to suggest that DNA is the selecting antigen.>* These
studies demonstrate that mechanisms for the production of
anti-dsDNA antibodies and their affinity maturation toward
anti-dsDNA specificity are operational in SLE patients.*
The question that arises is what transforms DNA to the
immunogenic form in patients with SLE. Microparticles
(MPs) represent a heterogeneous population of membrane-
bound vesicles with a diameter of 0.1 pm to 1 pm that are
released by the budding of plasma membrane and express
antigens specific of their parental origin.” The release of
MPs by various cell types is a ubiquitous process that
gets accelerated during cellular activation and apoptosis.’
Upon initiation, translocation of phosphatidylserine from
the inner to outer surface leaflet of the plasma membrane
results in loss of normal phospholipid asymmetry.’ As
shown in cell lines undergoing in vitro apoptosis, DNA is
sequestered into granules and then packaged into separate
apoptotic bodies.® Whereas the mechanism mediating this
cellular rearrangement is not known, the end result is the
repositioning of nuclear constituents in a form that may be
more accessible to the immune system.” We hypothesise that
in this model, MPs may provide a framework to intensify
the immunogenicity of the component DNA to induce
anti-dsDNA antibody production and therefore, the aim of
the present study was to evaluate the putative role of DNA
within MPs (MP DNA) as the circulating antigenic target.

The study was cross-sectional in design. Fourteen
unselected patients (12 women and 2 men) fulfilling at least
4 of the American College of Rheumatology 1997 revised
classification criteria for SLE were included.® Disease
activity was assessed using the Safety of Estrogens in
Lupus Erythematosus National Assessment (SELENA)-
modified SLE Disease Activity Index (SLEDAI).” Eight
healthy female individuals were included as control subjects.

Anti-dsDNA immunoglobulin G (IgG) titers, measured
using indirect enzyme-linked immunosorbent assay (Bio-
Rad, Hercules, CA, US), and other disease markers were
performed by the clinical laboratory of National University
Hospital. Circulating MPs were obtained from platelet-
free plasma (PFP) obtained by successive centrifugations
of venous blood. PicoGreen (Invitrogen, Waltham, MA,
US), a membrane-permeable dsDNA specific dye, was
used to label the MP samples. We analysed the samples on
FACSCalibur flow cytometer (BD Biosciences, Franklin
Lakes, NJ, US). An initial MP-size gate was set with the
help of calibrating fluorescent 0.22 pum, 0.45 um, 0.88 um
and 1.34 pm polystyrene beads (Spherotech, Lake Forest,
IL, US). MP DNA were enumerated on the SSC/FL1 plot
and defined as events that were sensitive to differential
detergent lysis using 0.05% Triton X-100. Therefore, each
detergent-sensitive FL1-positive event on the SSC/FL1
plot was considered as 1 MP DNA. Plasma concentrations
(MPDNA/uL) were calculated according to the actual flow
rate of the flow cytometer, MP DNA count per unit of time
and net dilution during sample preparation of the analysed
sample. No distinct population of detergent-sensitive MPs
on the SSC/FSC plot could be gated to measure total MP
numbers. Some samples were treated with 1 U of RNase-
free DNase (Promega, Fitchburg, WI, US) for 20 min at
37°C to assess sensitivity of MP DNA to DNase 1.

We identified MP DNA in PFP, based on fluorescence
and detergent sensitivity (Figs. la and 1b). With this
approach, extracellular DNA (plasma DNA) not associated
with MPs were also detected in PFP. Importantly, although
plasma DNA remained intact after detergent treatment,
MPs containing DNA were detergent-soluble, establishing
their phospholipid composition. To evaluate if MP DNA is
resistant to DNase activity, MPs were treated with DNase
I, counterstained with PicoGreen and then analysed using
flow cytometry. There was a reduction of MP DNA count
following DNase I treatment (Fig. 1c). Further treatment
with 0.05% Triton X-100 led to complete solubilisation
of MP DNA by detergent (Fig. 1d). Thus, DNA packaged
within MPs is protected from DNase activity. The median
concentration of MPDNA/uL in PFP of the 14 SLE patients
was significantly higher than the 8 healthy controls (2460.28
[Q1; Q3 1010.91; 3416.26] vs 403.73 [Q1; Q3 222.26;
1801.88]; P =10.020) (Fig. 2). The median age of the SLE
patients was 39.5(Q1; Q3 25.0; 54.8), withamedian disease
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Fig. 1. Demonstration of MP DNA through representative flow cytometry analysis in plasma from an SLE patient. Using PicoGreen labelling, 2 distinct
populations of FITC+ nanoparticles were obtained. The more granular population was sensitive to 0.05% Triton X-100 detergent, indicating that this population
of FITC+ nanoparticles were MPs with membrane phospholipids (MP DNA count = 9203 in Fig. 1a and MP DNA count = 806 in Fig. 1b). Using DNase I, the
MP DNA population decreased (MP DNA count = 1686 in Fig. 1¢), demonstrating that DNA packaged within MPs is protected from DNase activity. With the
addition of 0.05% Triton X-100, the MP DNA population which was resistant to DNase I is now solubilised (MP DNA count = 420 in Fig. 1d).

duration of 24.5 years (Q1; Q3 17.0; 42.5) and a median
SELENA-SLEDALI score of 7.0 (Q1; Q3 5.3; 15.3). The
median age ofhealthy controls was 33.5 years (Q1; Q3 25.0;
43.5). The concentration of MP DNA positively correlated
with anti-dsDNA IgG (r [10] = 0.806, P = 0.005) (Fig. 3)
after exclusion of outliers, which may be consistent with MP
DNA as an antigenic source for anti-dsDNA IgG formation.
However, MP DNA did not correlate with complement
levels or SELENA-SLEDALI scores.

The results from this study provide new perspectives
on the presence of extracellular DNA in SLE patients and
healthy controls. Using flow cytometry, MP DNA were
visualised and enumerated in the PFP of SLE patients and
healthy controls. In the form of MPs, DNA likely exists
on both the surface and interior.!” This would account
for the observation of DNA packaged within MPs being
protected from DNase activity.!! Further, plasma DNA not
associated with MPs were detected in both SLE patients
and healthy controls. Experiments to assess the origins
of plasma DNA and its sensitivity to DNase I were not
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performed in the current study. The most striking finding
in this study is the marked difference in the concentration
of MP DNA in SLE patients compared to healthy controls.
Although the increased MP numbers suggest a role in SLE
immunopathogenesis, elucidating this role is difficult at
present. Ullal et al showed some increase in the total number
of MP and increase in IgG positive MPs in SLE patients
compared to healthy controls.!? Nielsen et al showed that
MP populations that do not bind annexin V are increased
whereas total number of MP and annexin V-binding MPs
are decreased in SLE patients compared to healthy controls.'?
We showed a correlation between MP DNA concentration
and anti-dsDNA IgG titers. Ullal et al and Nielsen et al
showed a correlation between the number of IgG-positive
MPs and anti-DNA levels in SLE patients.'>!*However, their
findings did not demonstrate that the bound IgG antibody
was anti-dsDNA IgG. In this regard, IgG positive MPs
can also occur in the synovial fluid of rheumatoid arthritis
patients.'>"> Hence, to our knowledge, this is the first study
to demonstrate the presence of MP DNA definitively in the
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Fig. 2. Concentration of MP DNA in SLE patients and healthy controls. The
median MP DNA/uL of plasma for 14 SLE patients was significantly higher
than the 8 healthy controls.

plasma of SLE patients. The correlation with anti-dsDNA
IgG suggests that MP DNA may be a source of immunogenic
autoantigen for the production of anti-dsDNA antibodies
and our results support this idea. Further studies will refine
the role of MP DNA in the pathogenesis, perpetuation and
modulation of disease activity in SLE.
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Letter to the Editor

Lumbar Radiculopathy — Incremental Value of Magnetic Resonance Neurography
over Non-Contributory Magnetic Resonance Imaging

Dear Editor,

Lumbar radiculopathy is defined in terms of symptoms
(including pain and paraesthesia) and signs (including
weakness) in the distribution of a spinal nerve root.
Compression of the nerve root, possibly leading to
inflammation, is a common aetiology. Magnetic resonance
imaging (MRI) is the preferred imaging modality used for
evaluation of patients with lumbar radiculopathy. It serves as
auseful adjunct to electrodiagnostic testing, which include
electromyography (EMG) and nerve conduction studies.
MRI has been shown to provide excellent inter-observer
agreement for the diagnosis of nerve root compression
in patients with radiculopathy.! However, a management
dilemma frequently occurs when a patient with clinical
features of radiculopathy has normal or non-contributory
MRI findings. In this article, we report a patient with
Parkinson’s disease who presented with features of
lumbar radiculopathy and subsequently underwent MRI
lumbar spine examination, which was inconclusive. The
final diagnosis was made using high resolution magnetic
resonance neurography (MRN) of the lumbosacral plexus,
which employed 2-dimensional (2D) and isotropic 3D
imaging sequences.

Case Report

A 78-year-old male, previously diagnosed with
Parkinson’s disease, presented to the clinic with progressive
gait disturbance. He had a history of twisting his back 1
week prior and thereafter, developed left leg weakness
and radicular pain radiating from his back to his groin
and left hip. On examination, there was weakness on left
hip flexion, left knee extension and absence of left knee
jerk. Left lumbar radiculopathy was clinically suspected
to be the cause of his gait dysfunction, but progression of
his Parkinson’s disease could not be ruled out as being
responsible for the above findings. MRI of the lumbar spine
performed outside reported multilevel disc herniations and
was inconclusive of nerve compression.

MRN was performed on 3.0T MR scanner (Achieva,
Philips, Best, Netherlands) using 2D axial T1 W, axial T2W
Dixon, 3D SHINKEI (nerve-sheath signal increased with
INKed rest-tissue RARE Imaging) and diffusion tensor
imaging (DTI) techniques. The study showed an extruded
paracentral disk fragment arising from L3-L4 disc space
on the left, extending inferiorly into the spinal canal behind
the L4 vertebral body (Fig. 1), and small disc herniations
at other levels. The mass effect was clearly depicted on

-m 7 g

Fig. 1. Sagittal LS spine (A), axial de field of view T1W (B), T2 Dixon fat and water images (C, D) demonstrate the extruded disc at L3-4 level (arrows) compressing
the thecal sac and the left preganglionic nerve root at this level. Notice smaller disc herniations at other levels. Axial DTI (b value 600, E) and ADC images (F)
confirm the effacement of the left preganglionic traversing nerve root (small arrow) at this level by the disc fragment (large arrow).

ADC: Apparent diffusion coefficient; DTI: Diffusion tensor imaging
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Fig. 2. Coronal 3D SHINKEI images (A, B) and MIP image (C) demonstrate the extruded disc at L3-4 level as crotch filling between the thecal sac and the
preganglioninc nerve segment (arrow in A) compressing the thecal sac and the left preganglionic nerve root at this level. Notice the swollen left femoral nerve
in the iliopsoas groove due to intraneural and perineural oedema (large arrow) as compared to the normal right nerve (small arrow) in B. Maximum intensity
projection image (C) shows the disc (upper arrow) and the abnormal left femoral nerve (lower arrow) in 1 slab.

3D coronal SHINKEI sequence, which also showed the
inflamed left femoral nerve demonstrating intraneural and
perineural oedema (Fig. 2). Maximum intensity projection
(MIP) oblique-angled reconstructed images created from
MRN dataset on an independent work station showed the
entire extent of the left femoral neuropathy and contralateral
normal femoral nerve (Fig. 3). The left femoral neuropathy
was qualitatively quiet conspicuous on the DTI image with
effective vascular suppression due to diffusion effect and
the nerve showed higher apparent diffusion coefficient
(ADC = 1.3 x 10*mm?/s) and lower fractional anisotropy
(FA = 0.2) values as compared to the contralateral nerve
(ADC = 1.1 x 10 mm?/s, FA = 0.45).

Discussion

The lumbosacral (LS) plexus pathologies can be a
significant source of neuropathic pain with radiculopathy
versus plexopathy orunderlying systemic condition, such as

Fig. 3. Coronal anterior oblique angle reconstructed 3D SHINKEI MIP
image along the femoral nerve axis at 26° (A) and DTI trace MIP image (B)
demonstrates the full extent of the left femoral neuropathy (arrows).
DTI: Diffusion tensor imaging; MIP: Maximum intensity projection

Parkinson’s disease, thus posing adiagnostic challenge to the
clinician, as in this case, due to deep location of the nerves
and variable regional innervation. Classically, the diagnosis
of LS radiculopathy is evaluated using electrodiagnostic
testing and MRI of the lumbar spine. The high sensitivity
of MRI combined with high specificity of electrodiagnostic
tests often provide very good complementary information.”
However, not infrequently, a diagnostic dilemma occurs
if the MRI findings are inconclusive, e.g. in older patients
with significant disc disease at multiple levels.* MRN can
provide incremental value over electrodiagnostic tests and
MRI in such cases as illustrated by this case.

MRN of the LS plexus includes sagittal and axial T2W
imaging of the LS spine but replaces the conventional
sagittal TIW and STIR imaging sequences by axial TIW
and axial T2 fat-suppressed imaging with wider field of
view encompassing the whole abdomen and pelvis with
in-plane resolution of 0.5 mm and slice thickness of 4 mm.
Coronal 3D inversion recovery-based variable flip angle
sequence also allows a comprehensive coverage of the
whole abdomen and pelvis with 1.5 mm isotropic resolution,
thereby enabling high resolution multiplanar depiction of
normal and abnormal peripheral nerves.* 3D SHINKEI
imaging and DTI provide nerve selective imaging with
effective vascular suppression.’ MRN thus provides direct
objective evidence of the cause (disc) and its effect (thecal
sac and nerveroot compression) along with depiction of the
whole extent of the neuropathy corresponding to the side of
symptoms (Fig. 3). MRN in addition, allows comprehensive
assessment of the lumbar spine, pelvis, sacroiliac joints,
hips and regional muscles, thereby not skipping over the
incidental findings or neuropathy at other or contralateral
levels.® For example, in this case, there were no other nerve
abnormalities to suggest plexopathy. The regional muscles
were not atrophied and there was no other mass lesion.

The MRN with DTTimaging protocol takes approximately
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45 minutes on 3T scanner using front XL torso coil linked
to spine coils in the back, while normal spine MR imaging
takes about 30 minutes on 3T scanner. Conventional LS MR
imaging should notbe replaced with MRN of LS plexusona
routine basis, since it takes longer to acquire and read MRN
examinations. However, the incremental value of MRN
overthe conventional spine MRI examinations is important
to appreciate and MRN exams should be considered in the
setting of non-contributory MRI in radiculopathy patients.

Conclusion

MRN of the LS plexus provides incremental value
in the evaluation of patients with clinically suspected
radiculopathy and non-contributory lumbar spine MRI.
It can delineate the aetiology and provide direct objective
evidence of neuromuscular pathology.
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Images in Medicine

Diffuse Indurated Skin

A healthy 60-year-old Chinese male presented with
a 3-week history of progressive patchy discolouration,
pain and swelling of bilateral lower limbs (left more than
right), associated with constitutional symptoms of appetite
loss. There was no preceding trauma, new drugs or topical
applications. Clinical examination revealed extensive
indurated skin over both lower limbs, extending to the
inguinal fold on the left (Fig. 1). The tightness of the skin
had precluded him from bending his left knee.

Magnetic resonance imaging (MRI) of the left lower limb
showed diffuse skin thickening and a reticular pattern in
the subcutaneous fat, in keeping with skin inflammation
(Fig. 2). Blood tests were unremarkable and there was no
paraproteinaemia. A malignancy workup, comprising of
computed tomography (CT) of the thorax, abdomen and
pelvisand endoscopic evaluations, was negative. Histology
of a skin biopsy revealed mucin deposits in the dermis,
thickened collagen bundles and fibroblastic proliferation.

The skin induration improved with topical application

of 0.1% betamethasone valerate ointment but the patient
subsequently defaulted follow-up.

Fig. 1. Extensive indurated skin extending to the inguinal fold on the left
lower limb.

What is the most likely diagnosis?
A. Systemic sclerosis
Scleromyxoedema

B
C. Nephrogenic systemic fibrosis
D. Acute lipodermatosclerosis

E

Pretibial myxoedema

Discussion

It is important to differentiate between the various
conditions (such as those in options A to E) presenting
clinically with indurated and hardened skin, in order to
correctly identify associated underlying diseases that may
be life threatening. Scleromyxoedema is the generalised
form of lichen myxoedematosus, an idiopathic cutaneous
disorder characterised by the proliferation of fibroblasts
with excess mucin deposits in the skin, sparing the
mucous membranes. The generalised form may involve
internal organs and can be fatal. It is often associated
with monoclonal gammopathy, or other bone marrow
malignancies,' although not in this case.

Fig. 2. Magnetic resonance imaging (MRI) images of diffuse skin thickening
and a reticular pattern seen in the subcutaneous fat extending from the level
of the upper thigh to the ankle.

Answer: B
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The skin induration may resemble scleroderma of
systemic sclerosis, but the latter is characterised by an
excess production of collagen in the dermis, rather than
mucin. There is no associated calcinosis or telangiectasia
in scleromyxoedema.' Nephrogenic systemic fibrosis has
almostidentical histology features with scleromyxoedema,
with excess mucin production and fibroblast proliferation,
but occurs in patients with renal failure and may be
precipitated by the use of gadolinium-containing contrast
agents.!

Lipodermatosclerosis is a type of panniculitis that
typically affects patients with venous insufficiency. In
the acute inflammatory state, patients often present with
swelling, skin induration and hyperpigmentation over
their lower limbs, with histology revealing a lymphocytic
infiltrate and tissue necrosis in the subcutaneous fat layer.?
In pretibial myxoedema, the areas affected are localised to
the anterior-lateral shins, and is almost always associated
with Grave’s disease.’ The histological findings of pretibial
myxoedema include increased mucin production and
stellate-shaped fibroblasts, but there is no increase in the
number of fibroblasts.?

Another much rarer condition that also causes diffuse
indurated skin is scleredema, but it typically affects the
upper body, and is associated with a history of a priorupper
respiratory tract streptococcal infection, diabetes mellitus
ormonoclonal gammopathy. Histologically, scleredema is
due to an excess production of both collagen and mucin
in the dermis; the absence of fibroblast proliferation
differentiates it from scleromyxoedema.’

Management of scleromyxoedema includes the
evaluation of internal organ involvement and underlying
malignancies. Various therapies have been tried to varying
success, such as intravenous immunoglobulin, thalidomide
and corticosteroids.'

Conclusion

Diseases resulting in hardening of the skin are
characterised by an increase in collagen production, mucin
production, and/or the number of fibroblasts in the dermis.
These require to be differentiated, as there can be different
associated systemic involvements and malignancies, and
therefore varying treatment options and prognoses.
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