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“Elsewhere, when COVID-19 comes, everyone will run far
away. But, over here (in the dormitories), doctors and
nurses come in non-stop every day to look after us, even
though we all have COVID-19. Please take care and thank
you, Singapore!”

Anonymous account, shared by Dr Raymond Seet

Photo by: National University Hospital, Singapore

271

273

285

294

306

312

320

EDITORIAL

Transcatheter Aortic Valve Implantation in Singapore: Reflecting on the First Decade

Edgar LW Tay

ORIGINAL ARTICLE

Impact of Chronic Kidney Disease on Outcomes in Transcatheter Aortic Valve Implantation
Jonathan JL Yap, Julian CK Tay, See Hooi Ewe, Nishanth Thiagarajan, Shaw Yang Chia, Mohammed Rizwan Amanullah, Soo Teik Lim, Victor TT Chao,

Kay Woon Ho

Nation-Wide Observational Study of Cardiac Arrests Occurring in Nursing Homes and Nursing Facilities in Singapore
Andrew FW Ho, Kai Yi Lee, Ying Hao, Nur Shahidah, Yih Yng Ng, Benjamin SH Leong, Ching-Hui Sia, Benjamin YQ Tan, Ai Meng Tay, Marie XR Ng,

Han Nee Gan, Desmond R Mao, Michael YC Chia, Si Oon Cheah, Marcus EH Ong

Assessing the Content Validity of the EQ-5D Questionnaire Among Asians in Singapore: A Qualitative Study

Geok Ling Lee, Rachel Lee-Yin Tan, Michael Herdman, Nan Luo

Survival and Predictors of Mortality in Acute Kidney Injury Patients Treated with Sustained Low Efficiency Dialysis

Attaphong Phongphitakchai, Ussanee Boonsrirat
REVIEW ARTICLE

Precautions When Providing Dental Care During Coronavirus Disease 2019 (COVID-19) Pandemic

Adrian H Shi, Weidi Guo, Chai Kiat Chng, Boon Hui Chan

Clinical Updates on the Diagnosis and Management of Chronic Thromboembolic Pulmonary Hypertension
Wen Ruan, Jonathan JL Yap, Kevin KH Quah, Foong Koon Cheah, Ghee Chee Phua, Duu Wen Sewa, Aidila Binte Ismail, Alicia XF Chia, David Jenkins,

Ju Le Tan, Victor TT Chao, Soo Teik Lim

Please see inside Contents for the full list of articles.




Professional Medical Congress Organisation
for Professionals....

L ‘-\A’:i“\"-'?\?,:i“g | PN —

ACADEMY OF MEDICINE, SINGAPORE
—YOUR PARTNER IN MEDICAL EVENTS

Academy of Medicine, Singapore (AMS) is a profes-
sional institution of medical and dental specialists
devoted to advancing the art and science of medi-
cine in Singapore by promoting and maintaining the
highest professional standards of competence and
ethical integrity, thereby providing the highest qual-
ity of patient care for the people in Singapore.

The Academy organises congresses and scientific
meetings to enhance the continuing professional
development of specialists in Singapore including
the Singapore-Malaysia Congress of Medicine bien-
nially.

The Professional Medical Congress Organisation
(PMCO) department is an integral arm which spe-
cialises in medical conference management and
provides professional conference management for
any scientific meetings organized by any medical
societies, charities and associations.

Our PMCO unit is led by an experienced team of
people with event management qualifications
and experiences to ensure that each event is well
managed and delivered professionally. To date,
AMS has organized and managed over 200 na-
tional and regional events that include trade
exhibitions.

e Secretariat services

e Accounts management

e Venue management

e Event conceptualization and planning

o Website design services, with online reg-
istration system

e Marketing, publicity and publication

e Speakers’ & delegates’ management

e Abstract & exhibition management

e On-site event management & support

Contact us at
Academy of Medicine, Singapore
PCO Services, 81 Kim Keat Road #12-00, NKF Centre, Singapore 328836
Tel: (65) 6593 7882 Email: events@ams.edu.sg Website: www.ams.edu.sg




Annals Editorial Board Specialist Advisory Panel

Editor Balram Chowbay
Raymond Seet Fun Gee Chen
Tou Choong Chang
Deputy Editors Kok Yong Fong
Deidre De Silva Kei Siong Khoo
Beng Yeong Ng London Lucien Ooi
Bien Soo Tan
Associate Editors Hugo van Bever
Brian Goh
Li Yang Hsu

Emeritus Editors International Advisory Panel

Vernop MS Oh James Best, Singapore

Eng King Tan Thomas Coffman, Singapore
Edward Holmes, Singapore
Ranga Krishnan, USA

Edison Liu, USA

Khay Guan Yeoh, Singapore

Immediate Past Editor
Erle Lim

Board Members
Ling Ling Chan
Roger Ho Senior Editorial Executive
Felix Keng Reuel Ng

Mariko Koh

Alfred Kow Assistant Manager

Jan Hau Lee Abigail Kway

Tchoyoson Lim

Anselm Mak

Joseph Ng

Dujeepa Samarasekera

Clement Tan

Hon Liang Tan

Tjun Yip Tang

—
)
F
=

Ex-Officio

S R E Sayampanathan
David CB Lye

Photo Contributions to the Annals
We are looking for original images taken by you that tells a medical narrative in Singapore. Share your photos
and stories with us at annals@ams.edu.sg. Your photo could be picked for featuring on the Annals Instagram, or even
showcased on the cover of an upcoming Annals issue.

Your submission should be of high quality with a minimum resolution of 300 djpi, and accompanied by a 100-word
description to explain its significance. We will write to inform if your photo has been picked for featuring.

Check out https:/Amww.instagram.com/annals_singapore/ or hashtag us at #Annals_Singapore.

Printed by Straits Printers (Pte) Ltd

ISSN 0304-4602 MCI (P) 040/07/2019

2dQJdEQUIS AUIQIdAW SO AWRCED



Annals, Academy of Medicine, Singapore

Annals, Academy of Medicine, Singapore

Volume 49 | Number 5 | May 2020

Free Papers

EDITORIAL

Transcatheter Aortic Valve Implantation in Singapore: Reflecting on the First Decade
e e o DA USRS

ORIGINAL ARTICLE

Impact of Chronic Kidney Disease on Outcomes in Transcatheter Aortic Valve Implantation

Jonathan JL Yap, Julian CK Tay, See Hooi Ewe, Nishanth Thiagarajan,
Shaw Yang Chia, Mohammed Rizwan Amanullah, Soo Teik Lim,
Victor TT Chao, Kay WOON HO ......eieiiiiiiiiiiiiieeeiiee ettt ettt e et e et eeenbeeeenneas

Nation-Wide Observational Study of Cardiac Arrests Occurring in Nursing Homes
and Nursing Facilities in Singapore
Andrew FW Ho, Kai Yi Lee, Ying Hao, Nur Shahidah, Yih Yng Ng,
Benjamin SH Leong, Ching-Hui Sia, Benjamin YQ Tan, Ai Meng Tay,
Marie XR Ng, Han Nee Gan, Desmond R Mao, Michael YC Chia,
Si Oon Cheah, Marcus EH ON@......ccuoiiiiiiiiiiiiiiiii ettt ettt et staeeesateaeenes

Assessing the Content Validity of the EQ-5D Questionnaire Among Asians in Singapore:
A Qualitative Study

Geok Ling Lee, Rachel Lee-Yin Tan, Michael Herdman, Nan LUo.........cccccveevviiiiniiieniieeiiieecieenn

Survival and Predictors of Mortality in Acute Kidney Injury Patients Treated with
Sustained Low Efficiency Dialysis

Attaphong Phongphitakchai, Ussanee BOONSIITAL..........cccuiiuieiiieniieiiiesiie et



REVIEW ARTICLE

Precautions When Providing Dental Care During Coronavirus Disease 2019
(COVID-19) Pandemic

Adrian H Shi, Weidi Guo, Chai Kiat Chng, Boon Hui Chan ..........c...ecccveeeiiiiiiiiieciie e

Clinical Updates on the Diagnosis and Management of Chronic Thromboembolic
Pulmonary Hypertension

Wen Ruan, Jonathan JL Yap, Kevin KH Quah, Foong Koon Cheah,
Ghee Chee Phua, Duu Wen Sewa, Aidila Binte Ismail, Alicia XF Chia,

David Jenkins, Ju Le Tan, Victor TT Chao, S00 Teik Lim ......cccccvvvvveiiiiiiiiiiiiiiiiiiieeeeeeeeeee.

LETTER TO THE EDITOR

Factors that Predict Delayed Neurological Sequelae of Carbon Monoxide Poisoning
from a 10-Year Clinico-Radiological Review

Shermyn Neo, Shawn SX Kok, Kevin Tan, Sumeet Kumar .........ccccoeeveeevviiieniieeniieeeniee e,

A “Saga” of Adenanthera Pavonina Seed Ingestion in a Toddler

Vigil James, Aswin Warier, Gene Yong Kwang Ong .........ccccoeevviiiiiiiiiiiieeiiiee e

Caution with Hair Dye: Foreign Body Skull Erosive Granuloma from Exogenous
Hair Pigmentation

David SK Mak, Ying Khai Peter HWang .........cccooouieiiiiiiiiii e



Editorial

Transcatheter Aortic Valve Implantation in Singapore: Reflecting on the First Decade

Edgar LW Tay, 'srce i), mited (int Med), Favs

Transcatheter aortic valve implantation (TAVI) has
markedly changed the way aortic valve stenosis is
treated. Itis 18 years since the first patient was treated with
TAVI for severe aortic stenosis.! The original concept of
TAVI was simple: insert a stent-like device by creating
an opening in the obstructed aortic valve, and then suture
a valve within the stent to ensure aortic competence. The
technical achievement of this feat, however, took the
time and ingenuity of both engineers and interventional
cardiologists/surgeons with contributions from the
imaging team, anaesthesiologists and nurses to pull it off.
This close collaboration led to the birth of heart valve
teams, and the initial success of TAVI has spurred further
optimisation in procedural techniques, devices, improved
patient selection and better team experience. These
advances have culminated in the safe treatment of most
patients with degenerative aortic valve stenosis by
TAVI today.

Although the history of TAVI in Singapore occurred in
tandem with the rest of the world, its journey is a unique
one. Asian patients are different in many ways. First,
there is a culture of reluctance to undergo invasive
surgical treatment, especially in the elderly. A local
study had found that a large number of patients declined
conventional surgery even after it was recommended to
them by their physicians.? Consequently, a significantly
less invasive procedure such as TAVI could potentially
offer these patients a more palatable option.

Second, Asian patients tend to have smaller body
sizes and the larger size of TAVI devices in the early
days resulted in a high incidence of vascular injury
when they were introduced into the femoral artery.
Additionally, apical bleeding of the left ventricle
was seen when a transapical approach was used.
However, with time, these problems were resolved
with the development of devices that had smaller
profiles and improved operator experience.

Third, the reimbursement landscape of TAVI
continues to pose a challenge. The procedure is costly

and is currently not fully subsidised by the state. Elderly
patients have a tendency to trivialise their symptoms to
avoid placing further emotional and financial strain on
family members when they are asked to consider TAVI.
In the last decade, most patients who underwent TAVI
had received financial assistance to defray the costs
of the procedure from various sources that included
philanthropic societies, health and medical insurance,
personal savings and hospital endowment funds and
funds pooled from fundraising efforts.

The first TAVI was performed in the National Heart
Centre Singapore in February 2009 via transfemoral
access in a 77-year-old patient who presented with high
surgical risks.® Subsequently, it was offered to patients of
the National University Hospital from November 2010.
To date, >650 patients were treated in 3 hospitals
(including a third centre in Mount Elizabeth Hospital).
Each year, approximately 100 TAVI procedures are
performed. With a population of around 4 million
residents (citizens and permanent residents) in
Singapore, this translates into 25 cases in 1,000,000
residents. This rate is still low compared to countries
where TAVI is fully subsidised by the state. However,
the number is likely to increase in coming years.
This is attributed to an ageing population, growing
evidence from trials that support the efficacy
and safety of TAVI in low-risk patients (2 recent
landmark trials*> had shown non-inferiority in 1 while
the other demonstrated superiority of TAVI over
conventional surgery) and likelihood of subsidies
that will be offered by the state to defray the costs of
the procedure.

In their article entitled “Impact of chronic kidney
disease on outcomes in transcatheter aortic valve
implantation” in this issue of the Annals, Yap et al®
described a sizeable cohort of patients who had
undergone TAVI in Singapore. By illustrating the
effect of pre-existing renal function and the changes
that followed TAVI, they highlighted that advanced
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272 A Decade of TAVI in Singapore—Edgar LW Tay

kidney disease impacts on mortality and procedural
outcomes such as postoperative paravalvular aortic
regurgitation. The authors should be lauded for their
contribution in a field where local data is still emerging.

The systematic collection of data in a local TAVI
registry is important since it promotes improvement
in patient care. Specifically, it provides a good
understanding of patients who would benefit from
TAVI and those who may develop higher rates of
postoperative complications. It also allows information
to be shared among colleagues and to be used for
educational purposes within institutions and at the
national level. Although there were some differences
in methodologies, TAVI outcomes®’ in the 3 local
centres were comparable to those reported by top TAVI
centres from around the world.

With continued innovation, the future of TAVI
remains bright for patients in Singapore. Several classes
of newly developed TAVI devices are already being
used by clinicians to treat patients. They include
cerebral protection devices to reduce strokes, newer
valve designs to reduce paravalvular leak and
vascular injury and new vascular closure devices to
reduce vascular complications.

Nevertheless, several challenges need to be addressed
in the near term. The first relates to the durability of
TAVI valves. Since these valves may be implanted in
younger, lower-risk individuals, consideration must
be paid to the potential of a repeat intervention after
the valves have deteriorated. Although repeat TAVI—
also known as a valve-in-valve procedure—is possible,
longer-terms studies are needed. In some patients, the
impact of cardiac electrical conduction disturbance—
such as left bundle branch block or pacemakers—and
increased difficulty of coronary re-access for future
coronary angiography and angioplasty have not been
definitively addressed.

The second challenge is the high costs of TAVI and
a likely increase in its volume from a rapidly ageing
population. Although several studies have demonstrated
the cost efficacy of TAVI over conventional surgery,
marked differences in the cost and delivery of health
services across different countries must be factored
into consideration. Studies on the cost effectiveness
of TAVI against surgical aortic valve replacement
in Singapore are needed to inform various funding
agencies on the amount of subsidies that is required
in future. Additionally, local studies such as the one by
Yap et al® may help to identify subgroups of patients
who are most likely to benefit from TAVI.

The third challenge relates to training of surgeons
who are skilled in surgical aortic valve replacement.
Traditionally, aortic valve replacement is a vital skill
that most cardiac surgeons acquire in the course
of their training. With the increasing number of TAVI
procedures that are being performed, the potential
reduction in the number of surgical cases may impact
on the learning curve of cardiac surgery trainees, and
the longer-term impact is also not known. Additionally,
consideration to make TAVI part of cardiac surgical
training is still ongoing.

In the last decade, the growth and development of
TAVI in Singapore has been truly fascinating. The
initial work of pioneers in TAVI had developed quickly
into a mature and well accepted medical therapy.
Currently, more complex procedures are being
undertaken.® In the next decade, there is much
potential for improvement. With heart valve teams
at its core, patients with aortic stenosis in Singapore
can look forward to better clinical outcomes from
treatment with TAVI.
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Original Article

Impact of Chronic Kidney Disease on Outcomes in Transcatheter Aortic Valve

Implantation

Jonathan JL Yap," 'msss mrce mpu, Julian CK Tay," 'msss, Mrce mved i meay, See Hooi Ewe, 'msss, mrce pip,
Nishanth Thiagarajan, 'mzss, Shaw Yang Chia, 'ss., Mohammed Rizwan Amanullah, 'ssss mrce ravs,
Soo Teik Lim, 'wmsss mrcr raus, Victor TT Chao, *usss, rres, rivs, Kay Woon Ho, 'wmsss, mrcr Faus

Abstract

Introduction: Chronic kidney disease (CKD) is a significant comorbidity in
aortic stenosis (AS) patients. We examined the impact of baseline CKD,
postoperative acute kidney injury (AKI) and CKD progression on clinical
outcomes in patients who underwent transcatheter aortic valve implantation (TAVI).
Materials and Methods: Consecutive patients with severe AS who underwent TAVI
were classified into CKD stages 1-2 (=60 mL/min/1.72m?), 3 (30-59 mL/min/1.73m?)
and 4-5 (<30 mL/min/1.73m? or dialysis) based on estimated glomerular filtration
rate (eGFR). Primary outcome was mortality and secondary outcomes included
1-year echocardiographic data on aortic valve area (AVA), mean pressure gradient
(MPG) and aortic regurgitation (AR). Results: A total of 216 patients were
included. Higher eGFR was associated with lower overall mortality (adjusted
hazards ratio [AHR] 0.981, 95% confidence interval [CI] 0.968-0.993, P = 0.002).
CKD 4-5 were associated with significantly higher mortality from non-
cardiovascular causes (P <0.05). Patients with CKD 3-5 had higher incidence
of moderate AR than those with CKD 1-2 (P = 0.010); no difference in AVA and
MPG was seen. AKI patients had higher mortality (P = 0.008), but the effect was
attenuated on multivariate analysis (AHR 1.823, 95% CI 0.977-3.403, P = 0.059).
Patients with CKD progression also had significantly higher mortality (AHR 2.969,
95% CI 1.373-6.420, P = 0.006). Conclusion: CKD in severe AS patients undergoing
TAVI portends significantly higher mortality and morbidity. Renal disease
progression impacts negatively on outcomes and identifies a challenging subgroup of

patients for optimal management.

Ann Acad Med Singapore 2020;49:273-84

Key words: Acute kidney injury, Aortic stenosis, Transcatheter aortic valve replacement

Introduction

With improvements in device technology as well
as increasing experience, transcatheter aortic valve
implantation (TAVI) has replaced open surgical aortic
valve implantation as the treatment of choice in severe
symptomatic aortic stenosis (AS) patients who have
prohibitive and high surgical risks.'> TAVI has also
gained increasing uptake in patients with intermediate
surgical risk.?

Chronic kidney disease (CKD) is an established
disease modifier in most major cardiovascular diseases*

and portends significant mortality and morbidity
in patients undergoing TAVI. Patients who have
prohibitive and high surgical risks are known to have
multiple comorbidities, of which CKD is prevalent.*
However, in many landmark TAVI trials such as
PARTNER, PARTNER 2 or CoreValve, only a minority
(about 5%) of patients have baseline serum creatinine
>2 mg/dL and end-stage renal failure (ESRF) patients
were generally excluded.'?*¢ Additionally, little
information is available on the effects of postoperative
acute kidney injury (AKI) and long-term renal function
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trajectory on valve haemodynamics and clinical
outcomes. This study aimed to evaluate the impact
of baseline CKD status, postoperative AKI and CKD
progression on early and late outcomes and valve
haemodynamics in severe AS patients undergoing TAVI.

Materials and Methods

This is a prospective registry of all consecutive patients
with severe symptomatic AS who underwent TAVI in
a single tertiary cardiac centre from October 2009 to
August 2017. A heart team that comprised cardiothoracic
surgeons, interventional cardiologists and cardiac
imaging physicians were involved in the selection of
patients, transcatheter valve type and study approach.
Registry participation did not impact on clinical
management. Written informed consent was obtained
from all patients and the study was approved by the
Institutional Review Board.

TAVI was performed according to previously
published standard protocol.®” After discharge, clinical
review was done at 30 days, 3 months, 12 months
and annually thereafter. All patients underwent
echocardiographic evaluation at baseline prior to
intervention and discharge, at follow-up 3 months later
and yearly thereafter. Serum creatinine and estimated
glomerular filtration rate (eGFR) were evaluated
preoperatively, at 24-48 hours postoperatively and at
similar intervals after discharge.

Using Cockcroft-Gault formula, eGFR was calculated
based on serum creatinine. CKD was classified into
5 stages according to the guidelines of the Kidney
Disease: Improving Global Outcomes workgroup® who
used eGFR to determine them. The 5 stages are CKD 1
(eGFR >90 mL/min/1.72m?), CKD 2 (eGFR 69—-89 mL/
min/1.72m?), CKD 3 (eGFR >30-59 mL/min/1.72m?),
CKD 4 (eGFR >15-29 mL/min/1.72m?) and CKD 5 or
ESRF (eGFR <15 mL/min/1.72m?).® Advanced CKD is
defined as CKD 4 and above.

AKI was defined according to the Valve Academic
Research Consortium (VARC) consensus on event
definition (modified Risk, Injury, Failure, Loss of kidney
function and End-stage kidney disease classification)
as an absolute increase in serum creatinine of
>0.3 mg/dL or an increase of >50% within 72 hours
following TAVIL.’ Patients who developed AKI were
classified according to severity into stage 1 (creatine
150-200% or >0.3 mg/dL), stage 2 (creatinine 200—-300%)
or stage 3 (creatinine >300%, creatinine >4.0 mg/dL
with an increase of at least 0.5mg/dL or require renal
replacement therapy).

At 3 months, repeat renal panel was performed.
Renal disease progression was defined as an increase in
CKD stage from baseline or new requirement for renal
replacement therapy.

During hospitalisation, operative success and
major perioperative complications from TAVI were
assessed. Echocardiographic outcomes were analysed
at discharge and 12 months and included aortic valve
(AV) area, mean AV pressure gradient and AV
regurgitation (graded as none/trace, mild, moderate
and severe). Mortality and its aetiology (cardiovascular
vs non-cardiovascular) were obtained from national
registries and classified into early (up to 30 days) and
cumulative (inclusive of 30 days until last follow-up)
mortality. All outcomes were defined according to
VARC-2 criteria.'

Continuous variables were subjected to 1-way
analysis of variance and results were expressed as mean
and standard deviation (SD). Categorical variables
were analysed using chi-square test and the findings
were expressed as counts and percentages. Logistic
regression was used to compare outcomes between
groups for in-hospital/30-day outcomes; Cox proportional
hazards regression was used to analyse cumulative
outcomes. Multivariate analysis was used to derive
odds ratio (OR) for logistic regression, hazards ratio
(HR) for Cox regression and 95% confidence intervals
(CI) for predictive variables. Survival curves were
presented. All statistical analyses were performed using
SPSS Statistics for Windows, Version 25.0 (IBM Corp.,
Armonk, NY, USA). A value of P <0.05 was considered
statistically significant.

Results

A total of 216 severe symptomatic AS patients who
underwent TAVI were included; 55 (25.5%) were CKD
1-2,100 (46.3%) were CKD 3 and 61 (28.2%) were CKD
4-5 (24 were on dialysis). Mean and median follow-up
were 2.63 years (SD 2.11) and 2.23 years (interquartile
range 0.83—4.14 years) years, respectively. Baseline and
procedural characteristics according to CKD severity
are shown in Tables 1 and 2, respectively.

Patients with advanced CKD were older (P = 0.001),
had lower body mass index (P = 0.001) and poor
effort tolerance of at least New York Heart Association
(NYHA) class IHI-IV (P = 0.002). No significant
differences were noted in baseline cardiovascular risk
factors, atrial fibrillation, ischaemic heart disease,
prior cerebrovascular accidents or peripheral vascular
disease (PVD). There was a commensurate increase in

Copyright © 2020 Annals, Academy of Medicine, Singapore



Table 1. Baseline Characteristics According to CKD Severity
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Variable Aggregate CKD1-2 CKD 3 Advanced CKD P Value
(n =216) (n=55) (n =100) (m=61)
Mean age, years (SD) 75.5(9.3) 70.3 (8.5) 78.2(7.3) 75.6 (11.0) <0.001
Male gender (%) 106 (49.1) 25 (45.5) 53(53) 28 (45.9) 0.992
Mean body mass index, kg/m? (SD) 23.9 (4.7) 26.2 (4.6) 23.4(4.2) 22.8(4.9) <0.001
NYHA class (%) 0.002
I-1I 90 (41.7) 31 (56.4) 42 (42) 17 (27.9)
-1 126 (58.3) 24 (43.6) 58 (58) 44 (72.1)
Smoker (%) 41 (19) 8 (14.5) 25 (25) 8 (13.1) 0.788
Diabetes mellitus (%) 86 (39.8) 25 (45.5) 35(3%) 26 (42.6) 0.793
Hypertension (%) 177 (81.9) 44 (80) 81 (81) 52(85.2) 0.457
Hyperlipidaemia (%) 165 (76.4) 44 (80) 72 (72) 49 (80.3) 0.928
Prior ischaemic heart disease (%) 127 (58.8) 33 (60) 60 (60) 34 (55.7) 0.634
Prior coronary artery bypass (%) 49 (22.7) 13 (23.6) 20 (20) 6(26.2) 0.717
Atrial fibrillation (%) 45 (20.8) 7 (12.7) 24 (24) 14 (23) 0.189
Prior stroke (%) 27 (12.5) 4(7.3) 15 (15) 8 (13.1) 0.362
Peripheral vascular disease (%) 35(16.2) 5(9.1) 17 (17) 13 (21.3) 0.077
Chronic obstructive lung disease (%) 22 (10.2) 4(7.3) 16 (16) 2(3.3) 0.424
Mean eGFR, mL/min/1.72m? (SD) 45.8 (26.1) 80.2 (19.5) 44.3 (8.1) 17.3 (8.4) <0.001
Mean STS risk score (SD) 6.5(6.1) 3.52.1) 6.1(7) 9.8(5.2) <0.001
Mean Logistic EuroSCORE (SD) 16.1 (14.2) 11.1 (10.7) 15.5 (12.1) 21.7 (17.8) <0.001
Mean EuroSCORE II (SD) 6.2 (7.6) 343.1) 5.8 (8.0) 9.4 (8.5) <0.001
Mean AV calcium score in Agatston units, n = 104 (SD) 2634 (1943) 2153 (1041) 2690 (1820) 3045 (2804) 0.046

AV: Aortic valve; CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate; EuroSCORE: European System for Cardiac Operative Risk
Evaluation; NYHA: New York Heart Association; SD: Standard deviation; STS: Society of Thoracic Surgeons

surgical risk on the Society of Thoracic Surgeons risk
score, Logistic European System for Cardiac Operative
Risk Evaluation (EuroSCORE) and EuroSCORE 11
with increasing CKD severity (P = 0.001). CKD severity
was also associated with heavier AV calcification on
AV calcium score (P = 0.046). For procedural
characteristics, no significant differences were noted
in the different stages of CKD severity in TAVI
approach, size and type of prostheses and procedural
contrast volume used.

Findings of univariate analysis showed that CKD 1-2
(OR 0.192, 95% CI 0.040-0.921, P = 0.039) and CKD
3 (OR 0.052, 95% CI 0.006-0.414, P = 0.005) were
associated with significantly lower 30-day mortality

May 2020, Vol. 49 No. 5

than advanced CKD. After adjusting for diabetes
mellitus, PVD and non-transfemoral TAVI approach,
findings of multivariate analysis showed that the
relationship was attenuated in CKD 1-2 patients
against advanced CKD patients (adjusted OR
[AOR] 0.257, 95% CI 0.047-1.390, P = 0.115);
however, it remained significant in CKD 3 patients
vs advanced CKD patients (AOR 0.047, 95% CI
0.005-0.414, P = 0.006). Higher eGFR was also
significantly associated with lower 30-day mortality
(OR 0.967, 95% CI 0.939-0.996, P = 0.024), but
the effect was similarly attenuated on multivariate
analysis (AOR 0.969, 95% CI 0.938-1.000, P = 0.053).
At 30 days, CKD 3 was associated with significantly
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Table 2. Procedural Characteristics According to CKD Severity

Variable CKD1-2 CKD 3 Advanced CKD P Value
(n =55) (n =100) (n=61)
Approach (%) 0.414
Transfemoral 44 (80) 79 (79) 45 (73.8)
Non-transfemoral 11 (20) 21 (21) 16 (26.2)
Trans-apical 7(12.7) 18 (18) 11 (18)
Direct-aortic 3(5.5) 303) 5(8.2)
Trans-subclavian 1(1.8) 0(0) 0(0)
Prosthesis type (%) 0.959
Self-expandable 24 (43.6) 47 (47) 27 (44.3)
Balloon-expandable 31 (56.4) 53 (53) 34 (55.7)
Valve generation (%) 0.613
Early 45 (93.8) 86 (90.5) 52 (88.1)
New 3(6.3) 9(9.5) 7(11.9)
Prosthesis size (%) 0.247
23 mm 19 (35.2) 34 (34) 26 (42.5)
25 mm 23.7) 2(2) 1(1.6)
26 mm 18 (33.3) 47 (47) 23 (37.7)
27 mm 1(1.9) 0 (0) 0 (0)
29 mm 11 (20.4) 16 (16) 9(14.8)
31 mm 3(5.6) 1(1) 2(3.3)
Mean contrast volume, mL (SD) 139 (68) 143 (77) 116 (56) 0.070
Device success (%) 53 (96.4) 95 (95) 60 (98.4) 0.549

CKD: Chronic kidney disease; SD: Standard deviation

“Early-generation valves refer to CoreValve, SAPIEN and SAPIEN XT. New-generation valves refer to CoreValve Evolut R, CoreValve Evolut Pro and
SAPIEN 3. A total of 8 Lotus, 3 Portico and 2 Engager valve cases were excluded from analysis.

lower odds of new permanent pacemaker implantation
(PPM) than advanced CKD (3% vs 13.1%, OR 0.205,
95% CI 0.052-0.805, P = 0.023). A trend towards
lower odds in new PPM implantation in CKD 1-2
vs advanced CKD (3.6% vs 13.1%, OR 0.250, 95%
CI 0.051-1.233, P = 0.089) patients was observed.
No significant differences were seen in length of
hospitalisation, major vascular complications, stroke or
bleeding rates (Table 3).

At 1 year, the mortality rates in CKD 1-2, CKD 3
and advanced CKD patients were 9.1%, 9% and 23%,
respectively; at 3 years, the overall mortality rates in
the 3 groups were 16.4%, 24% and 45.9%, respectively.

In patients who were on dialysis, the 1- and 3-year
mortality rates were 16.7% and 50%, respectively. After
adjusting for left ventricular ejection fraction (LVEF)
and NYHA status, findings of multivariate analysis
showed that CKD 1-2 (adjusted HR [AHR] 0.366, 95%
CI 0.168-0.797, P = 0.011) and CKD 3 (AHR 0.467,
95% CI 0.267-0.817, P = 0.008) were significantly
associated with lower overall mortality than advanced
CKD. Higher eGFR was also associated with lower
overall mortality (AHR 0.981, 95% CI 0.968-0.993,
P =0.002). Increased mortality (Fig. 1) was attributed
to non-cardiovascular causes in CKD 1-2 vs advanced
CKD (AHR 0.360, 95% CI 0.132-0.979, P = 0.045)
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Table 3. Outcome at 30 Days According to CKD Severity

Variable CKD1-2 CKD 3 Advanced CKD P Value
(n=55) (n =100) (n=61)

Mean hospital stay in days (SD) 9.8 (14.5) 9.9 (10.7) 11.4 (11.7) 0.711
30-day mortality (%) 2(3.6) 1(1) 10 (16.4) 0.003
Major vascular complications (%) 6(10.9) 11 (11) 11 (18) 0.244
Major bleeding (%) 4(7.3) 4(4) 5(8.2) 0.803
Minor bleeding (%) 2(3.6) 10 (10) 6(9.8) 0.240
Stroke (%) 1(1.8) 1(1) 0(0) 0.307
New pacemaker (%) 2 (3.6) 3(3) 8 (13.1) 0.038
Acute kidney injury (%) 0.008

Total 3(5.5 19 (19) 15 (40.5)

Stage 1 2(3.6) 10 (10) 9(24.3)

Stage 2 1(1.9) 1(1) 2(5.4)

Stage 3 0(0) 8(8) 4(10.8)"

Dialysis 0(0) 5(5) 4(10.8)"

CKD: Chronic kidney disease; SD: Standard deviation
“Exclude 24 patients who were already on dialysis.
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Fig. 1. Survival curves for cumulative overall mortality in patients with chronic kidney disease (CKD) stages 1-2 (solid line), stage 3 (dotted line) and advanced
stages (4-5) or end-stage renal failure (dashed line).
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patients and in CKD 3 vs advanced CKD (AHR 0.314,
95% CI 0.146-0.675, P = 0.003) patients, particularly
with progression of kidney disease (P = 0.008) and
non-respiratory sepsis (P = 0.003) (Table 4).

At 1-year post-TAVI, echocardiographic outcomes
were available in 173 (80.1%) patients; no significant
differences in valve area and mean transvalvular
valve gradient were observed across all CKD groups.
However, CKD 3 (20%) and CKD 4-5 (22%) patients
had higher incidence of AR of at least moderate severity
than CKD 1-2 (2.2%) patients (P = 0.010). Except
for 1 case of transvalvular regurgitation, all AR cases
had paravalvular regurgitation (Table 4).

Seven patients experienced severe TAVI valve leaflet
degeneration; 6 were restenosis and 1 was mixed
stenosis with regurgitation. Two patients were on
dialysis and the remaining 5 were in CKD 1-3. In
the dialysis patients, valve degeneration occurred at
between 1.5-2 years; in remaining patients, it occurred
at between 3.75-6 years. Three patients underwent
repeat TAVI and another 3 passed away. Six patients
underwent either a transoesophageal echocardiogram
and/or computed tomography, except for 1 patient
who did not undergo further investigations due to poor
premorbid status. In 5 of them, thrombosis was ruled
out and they were not anticoagulated. In 1 patient,

Table 4. Cumulative Outcomes According to CKD severity

embolic phenomenon was suspected and low molecular
weight heparin was initiated, but patient passed away
during that admission (Table 5).

After excluding patients who were already on
dialysis, 37 (19.3%) patients developed AKI
postTAVI; 21 (10.9%), 4 (2.1%) and 12 (6.3%) patients
were in AKI stages 1, 2 and 3, respectively. Among
AKI stage 3 patients, 4 required dialysis. No significant
differences were noted in amount of contrast volume
used during TAVI in AKI (mean 133 mL, SD 64) and
non-AKI (mean 140 mL, SD 96) patients (P = 0.113).
A significant association between severity of
baseline CKD (OR 5.014, 95 CI 1.074-23.403,
P =0.040) and occurrence of AKI was seen. Findings
of univariate analysis showed that AKI patients had
higher overall mortality (43.2% vs 25.1%, HR 2.275,
95% CI 1.237-4.185, P = 0.008), but the effect was
attenuated after adjustment for LVEF and NYHA
status (AHR 1.823, 95% CI 0.977-3.403, P = 0.059).
No significant interaction was found for mortality
(P eraction = 0-851) between AKI and baseline CKD
status (Fig. 2).

After patients who were already on dialysis were
excluded, findings of renal panel at 3 months showed
that 138 (71.9%) patients had stable CKD and
37 (19.3%) patients had progressive CKD. In patients

Variable CKD1-2 CKD 3 Advanced CKD P Value
N =46 N=55 N=82 N=100 N=45 N=61
1-year echocardiographic outcomes
Mean AV area (SD) 1.57 (0.38) 1.58 (0.38) 1.69 (0.49) 0.290
Mean AV pressure gradient, mmHg (SD) 12.6 (5.9) 11.6 (5.8) 11.2 (6.0) 0.494
>2+ aortic regurgitation (%) 1(2.2) 18 (22) 9 (20) 0.021
Overall mortality 9(16.4) 24 (24) 28 (45.9) <0.001
Cardiovascular mortality 4(7.3) 14 (14) 8 (13.1) 0.447
Non-cardiovascular mortality 50.1) 10 (10) 20 (32.8) 0.006
Respiratory 0(0) 3(3) 2(3.3) 0.414
Malignancy 2 (3.6) 44 2(3.3) 0.972
Kidney failure 1(1.8) 0(0) 5(8.2) 0.008
Bleeding 0 (0) 1(0) 0(0) 0.558
Non-respiratory sepsis 1(1.8) 2(2) 8 (13.1) 0.003

AV: Aortic valve; CKD: Chronic kidney disease; SD: Standard deviation
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Fig. 2. Survival curves for cumulative overall mortality between acute kidney injury (AKI) patients (dotted line) and non-AKI patients (solid line).

with progressive CKD, findings of multivariate
analysis revealed that they had significantly
higher overall mortality (AHR 2.883, 95% CI 1.321-
6.290, P = 0 .008). No significant interaction was
found for mortality (p, .. = 0.157) between CKD
progression and baseline CKD status.

In this study, 19 (8.8%) patients underwent
TAVI with new-generation valves that included
CoreValve Evolut R (Medtronic Inc., Minneapolis,
MN, USA), CoreValve Evolut PRO (Medtronic Inc.,
Minneapolis, MN, USA) and SAPIEN 3 (Edwards
Lifesciences Corp., Irvine, CA, USA). No significant
differences in the use of new-generation valves
were found among CKD 1-2 (6.3%), CKD 3 (9.5%)
and CKD 4-5/ESRF (11.9%) patients (P = 0.613).
Additionally, newer-generation valves did not impact
any early or late outcomes (Table 6).

No significant differences in the use of self-expandable
valves (SEV) and balloon-expandable valves (BEV)
were seen in CKD patients (P = 0.959). Mean contrast
volume was 123 mL (SD 76) in BEV, which was
significantly lower than 146 mL (SD 62) in SEV

(P = 0.020). At 1 year, echocardiographic studies
showed that AV area was lower in BEV (mean 1.50,
SD 0.35) than SEV (mean 1.72, SD 0.44, P = 0.001);
AV gradient was also higher in BEV (mean 12.9 mmHg,
SD 5.1) than SEV (mean 10.4 mmHg, SD 6.5, P=0.001).
No significant differences were observed in development
of moderate AR and pacemaker, stroke and mortality
rates (Table 7).

Discussion

This study evaluated the impact of baseline CKD
status, postoperative AKI and CKD progression on
early and late outcomes and valve haemodynamics in
severe AS patients undergoing TAVI. The significant
findings included: 1) CKD had a negative impact on
cumulative overall mortality that was attributed to
non-cardiovascular mortality and this effect was seen
as early as at 30 days, but was more pronounced on
long-term follow-up; 2) CKD resulted in significantly
higher AR and PPM implantation rates; 3) postoperative
AKI had a negative impact on overall mortality, but
this effect was attenuated after adjustment for

Copyright © 2020 Annals, Academy of Medicine, Singapore
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Variable Early-Generation Valves New-Generation Valves P Value
N=183 N =164 N =147 N=19" N=15 N=14
Mean contrast volume, mL (SD) 126 (65) 163 (54) 0.021
30-day mortality (%) 13(7.1) 0(0) 0.230
Stroke (%) 1(0.5) 0(0) 0.747
New pacemaker (%) 11 (6.0) 0(0) 0.272
Acute kidney injury (%)f 0.219
Total 32(19.5) 1(6.7)
Stage 1 18 (11) 0(0)
Stage 2 3(1.8) 0(0)
Stage 3 3 (1.8) 0(0)
Dialysis 8(4.9) 1(6.7)
1-year overall mortality 24 (13.1) 1(5.3) 0.323
1-year cardiovascular mortality 11 (6.0) 0(0) 0.272
1-year echocardiographic outcomes
Mean AV area (SD) 1.62 (0.42) 1.69 (0.28) 0.527
Mean AV pressure gradient, mmHg (SD) 11.6 (5.9) 10.2 (3.8) 0.381
>2+ aortic regurgitation (%) 22 (15.0) 2(14.3) 0.946

AV: Aortic valve; SD: Standard deviation; TAVI: Transcatheter aortic valve implantation
*A total of 8 Lotus, 3 Portico and 2 Engager valve cases were excluded from analysis.

"Exclude 24 patients who were already on dialysis.

confounders; and 4) renal disease progression was
independently associated with higher overall mortality.

CKD can portend worse outcomes in patients who
undergo TAVI.> Several studies have established
that CKD severity prognosticates acute and long-term
mortality.!!"! In their study of 41,025 patients who
underwent TAVI, Gupta et al reported higher in-hospital
mortality in CKD and ESRF patients than non-CKD
patients.'® In their study of CKD 1-2, CKD 3 and
advanced CKD patients, Allende et al found a
significant difference in mortality of 15.6%, 20% and
27.5-35.5%, respectively, at 1 year.!” Similarly, this
study found that advanced CKD was associated with
higher mortality at 30 days and more salient differences
were observed on long-term follow-up; at 1 year, the
mortality rates were 9.1%, 9% and 23% in CKD1-2,
CKD3 and advanced CKD patients, respectively.

Dialysis has been shown to be a marker of worse
outcomes.'® In their study, Allende et al reported
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slightly higher mortality of 20% at 1 year and up to
approximately 65% at 3 years in ESRF patients."”
In their study of 66 dialysis patients who underwent
TAVI, Codner et al also noted higher risk of mortality
of close to 24.2% at 1 year.!"” In our dialysis patients,
the mortality rates at 1 and 3 years were 16.7% and
50%, respectively.

In patients with advanced CKD, this study found
higher non-cardiovascular mortality rates that were
attributed to non-respiratory sepsis and renal disease
progression, a finding similar to that of Allende et al."”
Patients with renal disease are at higher risk of sepsis
than the general population'® and the reasons include
reduced immunity and vaccine efficacy, increased
comorbidities, more visits to healthcare facilities
and treatment of the disease itself.?! CKD is a well-
established risk factor for cardiovascular disease and
mortality.?**>?* Although other studies had found higher
cardiovascular mortality rates in TAVI patients with
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Table 7. Valve Haemodynamic Outcomes in BEV and SEV at 30 Days and 1 Year

Variable SEV BEV P Value
N=98 N =86 N=77 N=118 N=106 N =96

Mean contrast volume, mL (SD) 146 (62) 123 (76) 0.020
30-day mortality (%) 2(2.0) 11(9.3) 0.025
Stroke (%) 1 (1.0) 1 (0.8) 0.895
New pacemaker (%) 9(9.2) 4(3.4) 0.075
Acute kidney injury (%) 0.429

Total 14 (16.3) 22 (20.8)

Stage 1 7(8.1) 13 (12.3)

Stage 2 1(1.2) 3(2.8)

Stage 3 2(2.3) 1(0.9)

Dialysis 4(4.7) 5@4.7)
1-year overall mortality 12 (12.2) 16 (13.6) 0.775
1-year cardiovascular mortality 6 (6.1) 6(5.1) 0.740
Cumulative overall mortality 24 (24.5) 37 (31.4) 0.264
Cumulative cardiovascular mortality 13 (13.3) 13 (11.0) 0.613
1-year echocardiographic outcomes

Mean AV area (SD) 1.72 (0.44) 1.50 (0.35) 0.001

Mean AV pressure gradient, mmHg (SD) 10.4 (6.5) 12.9 (5.1) 0.001

>2+ aortic regurgitation (%) 14 (18.2) 14 (14.6) 0.523

AV: Aortic valve; BEV: Balloon-expandable valve; SD: Standard deviation; SEV: Self-expandable valve

“Exclude 24 patients who were already on dialysis.

advanced CKD,!"!" an insignificant trend was found
by this study that could be attributed to smaller
sample size.

Advanced CKD has been linked to platelet
dysfunction and coagulopathy that contribute to higher
risk of bleeding events, especially the use of dual
antiplatelet agents or vitamin K antagonists.?*** Unlike
other studies,'>?* this study did not show an increase
in minor or major bleeding events in patients with
advanced CKD at 30 days. A longer duration of follow-
up is needed to evaluate differences in the longer term.

The postTAVI PPM implantation rate of 6%
reported by this study was comparable to the rate
of 2-51% reported in the literature.”” The finding that
postTAVI PPM implantation was more common in
advanced CKD patients than non-CKD patients also
concurred with findings reported in the literature.'®

It could partly be attributed to increased calcification
that is commonly seen in CKD patients and is caused
by hormonal and metabolic derangements such as
increased parathyroid hormone, calcium-phosphate
products and 1,25-dihydroxyvitamin D.?® During
valve deployment, increased calcification in the
left ventricular outflow tract could compress the
conduction system and lead to conduction blockages
that necessitate the need for PPM implantation.

In the literature, findings on the outcome of advanced
CKD on valve haemodynamics are mixed. While
some studies reported rapid deterioration in valve
haemodynamics in advanced CKD patients, others?-3
did not report significant differences between these
patients and non-CKD patients.!> Although this study
did not find significant changes in AV area and mean
gradient at 1 year, there were, however, 2 cases of
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“early” TAVI failure that had significant valve stenosis
<2 years after TAVI was performed (Table 5). Both
occurred in ESRF patients who were on dialysis and
the phenomenon could be attributed to deranged and
increased calcification.”® Larger long-term studies are
needed to evaluate the clinical significance of early
TAVI failure in dialysis patients.

PostTAVI, moderate AR was seen in more advanced
CKD patients and was attributed to increased
calcification.?® When calcification is present in the
aortic annulus, it may prevent adequate sealing of the
valve. Postoperative AR is not benign and has been
identified as an independent predictor of all-cause and
cardiovascular mortality after TAVIL.3* Tt can affect
the functional status of patients such as effort tolerance
and trigger symptoms of heart failure.*

In this study, the findings of an AKI incidence of
approximately 19% and CKD 4 patients with the
highest risk of developing it were consistent with those
reported in the literature.**** Findings of univariate
analysis showed that AKI was a significant predictor of
mortality, but its effect was attenuated by multivariate
analysis. In their study, Allende et al reported that
AKI was a significant predictor of overall mortality."
A few reports had described renal trajectory and
outcomes post-TAVI. In this study, the finding that
CKD progression led to higher mortality at 3 months
suggested that care should be taken to minimise
AKI during: 1) the preoperative/perioperative phase
through avoidance of haemodynamic instability and
nephrotoxic agents but with provision of adequate
hydration; and 2) the subacute and chronic phases
post-TAVI to retard CKD progression since it heralds
poorer long-term outcomes.

In this study, BEV had lower AV area and higher
AV gradients with no differences in AR at 1 year
compared to SEV, a result that was also reported by
the CHOICE trial.’* However, the FRANCE-TAVI
registry reported that SEV patients had higher risk of
developing paravalvular leak than BEV patients and
higher all-cause mortality at 2 years, irrespective of
valve generation.’” These differences need to be
validated in future studies.

A limitation of this study was the small sample
size that limited extrapolation of its findings. The
results will need to be validated in bigger patient
cohorts. Since data was only available on renal
trajectory at 3 months, more study is required to examine
the long-term effects of renal disease progression.
Nevertheless, this study had raised some interesting
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hypotheses and findings that can guide future research.
Due to the non-randomised nature of the study, there
is possibility of bias from confounding factors. The
high incidence of valve degeneration in those who
underwent TAVI was attributed to the predominant
use of SAPIEN valves in the early phase of our
TAVI programme.

Conclusion

In severe AS patients undergoing TAVI, CKD
portends higher mortality and morbidity. In the
long term, renal disease progression impacts negatively
on outcomes. Dedicated preventive and management
efforts should be undertaken to optimise outcomes in
this group of patients.
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Abstract

Introduction: Nursing home (NH) residents with out-of-hospital cardiac arrests
(OHCA) have unique resuscitation priorities. This study aimed to describe OHCA
characteristics in NH residents and identify independent predictors of survival.
Materials and Methods: OHCA cases between 2010-16 in the Pan-Asian Resuscitation
Outcomes Study were retrospectively analysed. Patients aged <18 years old and
non-emergency cases were excluded. Primary outcome was survival at discharge
or 30 days. Good neurological outcome was defined as a cerebral performance
score between 1-2. Results: A total of 12,112 cases were included. Of these,
449 (3.7%) were NH residents who were older (median age 79 years, range 69-87
years) and more likely to have a history of stroke, heart and respiratory diseases.
Fewer NH OHCA had presumed cardiac aetiology (62% vs 70%, P <0.01) and
initial shockable rhythm (8.9% vs 18%, P <0.01), but had higher incidence of
bystander cardiopulmonary resuscitation (74% vs 43%, P <0.01) and defibrillator
use (8.5% vs 2.8%, P <0.01). Non-NH (2.8%) residents had better neurological
outcomes than NH (0.9%) residents (P <0.05). Factors associated with survival
for cardiac aetiology included age <65 years old, witnessed arrest, bystander
defibrillator use and initial shockable rhythm; for non-cardiac aetiology, these
included witnessed arrest (adjusted odds ratio [AOR] 3.8, P <0.001) and initial
shockable rhythm (AOR 5.7, P <0.001). Conclusion: Neurological outcomes were
poorer in NH survivors of OHCA. These findings should inform health policies on
termination of resuscitation, advance care directives and do-not-resuscitate orders
in this population.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a significant
public health problem in Singapore and from around
the world.! Between 2010-12, local OHCA patients
with a witnessed arrest and shockable rhythm had a
survival-to-hospital discharge rate of 11.0%.> Treatment
of OHCA patients is resource-intensive since it
requires invasive interventions and potentially
prolonged intensive care unit stays.?

Previous studies had reported that nursing homes
(NH) and nursing facilities are common sites of
OHCA.*> Although OHCA outcomes have improved
over the years, this is not the case in NH residents who
continue to present with poor prognosis.** There were
suggestions that attempts at resuscitation are futile,
with data showing few OHCA survivors in NH
residents.® However, studies also found that for
witnessed arrests and shockable primary rhythm,
survival rates were comparable in NH residents
and elderly patients in the community.”® Some
authors had suggested that OHCA in NH residents
might have received bystander cardiopulmonary
resuscitation (CPR) against their will since healthcare
providers were unaware of their care preferences
and care goals.” Consequently, it is important to
examine this group of OHCA patients to identify those
who would benefit from resuscitation attempts and
to guide decisions such as conveyance to hospital or
termination of resuscitation.!®!" This study aimed to
describe the characteristics and outcomes of OHCA
in NH residents and identify independent predictors
of survival.

Materials and Methods

Data from Singapore in the Pan-Asian Resuscitation
Outcomes Study (PAROS) were used. Established
in 2010, PAROS is a prospective, multi-centre registry
that was designed to inform OHCA epidemiology
and outcomes, describe variations among emergency
medical services (EMS) and structural interventions
in the Asia-Pacific region, primarily from Southeast
Asia, South Asia, East Asia and Oceania.’ The
methodology of PAROS was described in a previous
study.!? Data definitions were based on the Utstein
recommendations'’ and collaboration with the
Cardiac Arrest Registry to Enhance Survival'* in the
United States that generated a unified taxonomy and
data dictionary to facilitate valid global comparisons.

Patients aged >18 years old who were treated for
OHCA by EMS between April 2010—December 2016
were included. Determinants of OHCA included
absence of pulse, unresponsiveness and apnoea.

Patients who were pronounced dead at the scene were
excluded, as were rare cases of irreversible death such
as decapitation. This study was approved by the
Centralised Institutional Review Board and Domain
Specific Review Board with a waiver of patient consent.

Data were extracted from various sources that
included emergency dispatch records, ambulance
case notes and emergency department (ED) and
in-hospital records. The details included location of
arrest, witnessed arrest, bystander CPR, prehospital
defibrillation and response times. NH OHCA was
defined as arrests that occurred in NH; non-
NH OHCA referred to arrests that occurred in
other locations such as private residential homes.
Actiologies of cardiac arrest were determined from
inpatient discharge summary records or coroner’s
reports in those who died in ED.

Primary outcome was survival to discharge or at
30 days. Secondary endpoints included neurological
outcomes at discharge or 30 days, and were measured
on Glasgow-Pittsburgh cerebral performance categories
(CPC) and overall performance categories (OPC) for
cerebral performance capabilities and both cerebral
and physical performance capabilities, respectively.
Neurological outcomes were assessed by the attending
physician/team either at discharge or at 30 days.
Return of spontaneous circulation (ROSC) was defined
as either on site, en-route or in ED.

Data analysis was performed using SPSS Statistics
for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA). Categorical variables were expressed as
frequency and percentages; continuous variables were
expressed as median and interquartile range (IQR).
Cases with missing data were excluded from analysis.
Mann-Whitney U test was used to compare arrests
that occurred in NH and non-NH locations; categorical
variables were compared using Fisher’s Exact test.
Logistic regression was used to examine factors
associated with survival to discharge or at 30 days.

Univariate and multivariate logistic regression was
used to analyse cardiac and non-cardiac aetiologies.
Non-cardiac aetiologies included respiratory
conditions, electrocution, drowning and other causes
such as cancer and renal disease. Covariates were
determined based on a literature review of possible
confounders and/or known prognostic factors,'>! and
were adjusted for in regression analyses. For presumed
cardiac and non-cardiac aetiologies, 2 multivariate
models were constructed to reflect postulated
differences in incidence of aetiologies in NH and
non-NH groups and different prognosticating factors.

Copyright © 2020 Annals, Academy of Medicine, Singapore



Results

Of the 12,546 OHCA cases identified by PAROS,
12,112 OHCA cases qualified for analysis. A total
of 434 cases were excluded due to missing data. In
terms of location, 449 (3.7%) OHCA cases occurred in
NH and 11,846 (96.3%) in other locations. A flow chart
of the patient selection process is shown in Figure 1.

Baseline characteristics of OHCA cases are shown
in Table 1. NH residents (median age 79 years,
IQR 69-87 years) were older than non-NH residents
(median age 67 years, IQR 55-79 years, P <0.01)
and were more likely to be women (41% vs 35%,
P <0.01) with a history of stroke (34% vs 12%, P <0.01),
heart disease (43% vs 37%, P <0.01), respiratory
disease (17% vs 12%, P <0.01), hypertension (66% vs
54%, P <0.01) and hyperlipidaemia (45% vs 37%,
P <0.01). NH OHCA cases were less likely to have
cardiac aetiologies (62% vs 71%, P <0.01), initial
shockable rhythm (8.9% vs 18%, P <0.01) or
prehospital defibrillation (14% vs 27%, P <0.01).

Patient outcomes and resuscitation factors are
summarised in Table 2. NH OHCA cases had more
bystander CPR (74% vs 43%, P <0.01) and automated
external defibrillator (AED) use (8.5% vs 2.8%,
P <0.01). Response time of EMS and scene time were
shorter in NH OHCA cases (median time 7.7 min,
IQR 6.0-10.0 min and 15.7 min, IQR 12.9-19.8 min,
respectively) than non-NH OHCA cases (8.7 min,
IQR 6.7-11.3 min and 17.1 min, IQR 13.8-21.0 min,
respectively). Median time to AED in NH OHCA
cases was 4.0 min (IQR 2.9-5.6 min) compared
to 4.6 min (IQR 3.2-6.5 min) in OHCA in
other locations.

In this study, 4012 (33.1%) cases attained ROSC,
528 (4.4%) survived to discharge or at 30 days and
326 (2.7%) survived with favourable neurological
outcomes (Table 2). NH OHCA cases had lower
survival at admission than non-NH OHCA cases (11%
vs 18%, P <0.01), and only 4 (0.9%) of them achieved
good neurological outcomes. They also had poorer
scores on CPC (0.9% vs 2.8%, P <0.05) and OPC
(0.9% vs 2.7%, P <0.05). In the 4 cases with good
neurological outcomes, their median age was <79
years old and all of them attained ROSC en-route to
ED and were witnessed arrests.

For OHCA with presumed cardiac and non-cardiac
aetiologies, results of regression analyses of survival
to discharge or at 30 days are shown in Table 3.
Witnessed arrest and initial shockable rhythm
were associated with survival in both cardiac and
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non-cardiac aetiologies. For witnessed arrest, the
adjusted odds ratio (AOR) was 2.4 (95% CI 1.8-3.2)
and 3.8 (95% CI 2.2-6.5) in cardiac and non-cardiac
aetiologies, respectively. For initial shockable rhythm,
likelihood of survival was higher when aetiology was
attributed to cardiac (AOR 12.7, 95% CI 9.8-16.7)
than non-cardiac (AOR 5.7, 95% CI 3.5-9.3) causes.
Other factors that were associated with survival in
OHCA from cardiac aetiology included age >65 years
old (AOR 0.61, 95% CI 0.49-0.77) and bystander
AED (AOR 2.4, 95% CI 1.6-3.5), but NH location
was not associated with survival in both.

Discussion

In this secondary analysis of a prospective national
OHCA registry, NH OHCA cases were shown to have
poorer prognostic baseline factors that resulted in
poorer outcomes despite having better bystander
AED and CPR rates. After adjustments for baseline
prognostic factors and resuscitative efforts, NH patients
were found to have similar survival-to-discharge
rates as the general population regardless of whether
they had presumed cardiac or non-cardiac actiology. In
terms of absolute numbers, however, few NH patients
survived with good neurological outcomes (<1% or 4
patients in >5 years). NH patients also had lower rates
of presumed cardiac aetiology or initial shockable
rhythm. These findings concurred with those found by
previous studies from overseas.?*?!

In the 4 NH patients who survived with good
neurological outcomes, a few observations were
made. All of them were well below the median age of
79 years old seen in most NH residents and had
attained ROSC en-route to ED. While all were witnessed
arrests, 3 had initial shockable rhythm. These findings
suggest that traditional factors associated with good
prognosis are relevant even in this population. Some of
the good prognostic factors are not known in advance
and may not be taken into account during advance care
planning (ACP). However, when more data on poor
prognostic factors are published in future studies, the
findings could lead to a review of current regulations on
prehospital termination of resuscitation.

The finding of a low absolute number of survivors
with good neurological outcomes does provide some
basis to encourage uptake of ACP in NH residents and
chronically debilitated individuals, since the take-up
rate of ACP has remained anecdotally low. Studies
in Japan suggested that NH OHCA residents might
have received bystander CPR against their will.’
Local studies on end-of-life care found that most
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Fig. 1. Flow chart of patient selection process. CPC: Cerebral performance categories; ED: Emergency department; EMS: Emergency medical services;

NH: Nursing home; OHCA: Out-of-hospital cardiac arrest
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Table 1. Baseline Characteristics of NH and non-NH Patients with Cardiac Arrest

Variable NH and Non-NH NH Non-NH P Value
(n=12,112) (n = 449) (n =11,663)

Median age, years (IQR) 67 (56 —79) 79 (69 — 87) 67 (55-179) <0.001

Gender (%) 0.0055
Men 7872 (65.0) 264 (58.8) 7608 (65.2)
Women 4240 (35.0) 185 (41.2) 4055 (34.8)

Ethnicity (%) <0.001
Chinese 8265 (68.2) 376 (83.7) 7889 (67.6)
Malay 1848 (15.3) 31(6.9) 1817 (15.6)
Indian 1317 (10.9) 36 (8.0) 1281 (11.0)
Others 682 (5.6) 6(1.3) 675 (5.8)

Medical history (%)
Heart disease 4460 (36.8) 193 (43.0) 4267 (36.6) 0.0070
Diabetes mellitus 3940 (32.5) 169 (37.6) 3771 (32.3) 0.020
Cancer 1184 (9.8) 35(7.8) 1149 (9.9) 0.17
Respiratory disease 1483 (12.2) 76 (16.9) 1407 (12.1) 0.0026
Renal disease 1528 (12.6) 53 (11.8) 1475 (12.6) 0.70
Stroke 1600 (13.2) 152 (33.9) 1448 (12.4) <0.001
Hypertension 6586 (54.4) 296 (65.9) 6290 (53.9) <0.001
Hyperlipidaemia 4531 (37.4) 201 (44.8) 4330(37.1) 0.001

Aectiology of cardiac arrest (%) <0.001
Presumed cardiac aetiology 8470 (69.9) 277 (61.7) 8193 (70.2)
Others 3642 (30.1) 172 (38.3%) 3470 (29.8)

Initial rhythm (%) <0.001
Shockable 2162 (17.9) 40 (8.9) 2122 (18.2)
Not shockable 9950 (82.1) 409 (91.1) 9541 (81.8)

IQR: Interquartile range; NH: Nursing home

NH residents preferred not to undergo aggressive
resuscitation than the non-NH population.'®?>?* Surveys
of other communities also showed that many patients
overestimated the survival rate following CPR and
were therefore more keen to undergo CPR.!° Early
establishment of care goals can help NH residents to
make deliberate and informed decisions and reduce
unwanted or futile resuscitation attempts that would
otherwise go against their wishes and consume
healthcare resources.

In this study, more NH (74%) than non-NH (34%)
residents received bystander CPR. Assuming that
NH staff are trained in basic cardiac life support to
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administer resuscitation in OHCA patients in a timely
manner, it then follows that, for various reasons, about
26% of NH residents did not receive bystander CPR.
Since some NH may lack staff, it would be difficult
for them to provide bystander CPR.**¢ However, when
NH residents already had predefined care goals and
do-not-resuscitate orders, they should not be transported
to hospitals for resuscitation. Since data on ACP in
NH residents was lacking and a conclusion could not be
made, the finding of a low bystander CPR rate in these
patients did imply either inadequate resuscitation of
those without ACP or inappropriate use of ED for death
certification purposes rather than resuscitation.
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Table 2. Outcomes and Resuscitation Factors in NH and non-NH Patients with Cardiac Arrest

Variable NH and Non-NH NH Non-NH P Value
(n=12,112) (n = 449) (n = 11,663)

Arrest witnessed by (%) 0.14
Not witnessed 4818 (39.8) 199 (44.3) 4619 (39.6)
Bystander 6246 (51.6) 214 (47.7) 6032 (51.7)
EMS 1048 (8.7) 36 (8.0) 1012 (8.7)

Bystander CPR (%) <0.001
Yes 5287 (43.7) 333(74.2) 4954 (42.5)
No 6825 (56.3) 116 (25.8) 6709 (57.5)

Bystander AED applied (%) <0.001
Yes 360 (3.0) 38 (8.5) 322 (2.8)
No 11,752 (97.0) 411 (91.5) 11,341 (97.2)

Prehospital defibrillation (%) <0.001
Yes 3158 (26.1) 61 (13.6) 3097 (26.6)
No 8954 (73.9) 388 (86.4) 8566 (73.4)

Median response time in minutes (IQR)
Time of arrest to time of call (call after arrest) 5.7(2.3-123) 5524-11.9) 5.723-124) 0.68
Time of arrest to time of call (call before arrest) 6.2 (1.6—-16.5) 6.0 (2.9-12.8) 6.2 (1.6—-16.7) 0.94
Time of call to time of arrival at scene by EMS 8.7(6.7—11.3) 7.7 (6.0 —10.0) 8.7(6.7—11.3) <0.001
(response time)
Time of call to time of arrival at scene by first bystander 8.2(6.4-10.5) 8.5(6.0-10.0) 8.2(6.4-10.5) 0.72
(response time)
Time of arrival to time of departure from scene by EMS 17.1 (13.7 - 20.9) 15.7 (12.9 - 19.8) 17.1 (13.8 - 21.0) <0.001
(scene time)
Time of departure from location to time of arrival at hospital 9.3(6.5-12.7) 9.7 (6.4—-13.5) 9.3(6.5-12.7) 0.48
(en-route time)
Time of call to first ROSC (en-route or at ED) 42.6 (33.0-51.5) 40.0 (31.1 -49.4) 42.7 (33.3-51.6) 0.041
Time of arrival (earlier than EMS and FR) to CPR 3.0(1.8-4.7) 2.9(1.8-4.3) 3.0(1.8-4.7) 0.2218
Time of arrival (earlier than EMS and FR) to AED use 4.6 (3.1 -6.4) 4.0(29-5.6) 4.6 (3.1 -6.5) <0.001
Time of arrival (earlier than EMS and FR) to first shock 5.8(3.6-10.5) 6.2(4.0-12.2) 5.8(3.6-10.4) 0.54

Patient outcome (%)
ROSC (en-route or at ED) 4012 (33.1) 126 (28) 3886 (33) 0.021
Survival to admission 2164 (17.9) 50 (11.1) 2114 (18.1) <0.001
Survival to discharge or at 30 days 528 (4.4) 13(2.9) 515 (4.4) 0.16
Favourable postarrest CPC (1 and 2) 326 (2.7) 4(0.9) 322 (2.8) 0.038
Favourable postarrest OPC (1 and 2) 319 (2.6) 4(0.9) 315(2.7) 0.041

AED: Automated external defibrillator; CPC: Cerebral performance categories; CPR: Cardiopulmonary resuscitation; DNAR: Do not attempt
resuscitation; EMS: Emergency medical services; ED: Emergency department; FR: First Responder ; IQR: Interquartile range; NH: Nursing home;
ROSC: Return of spontaneous circulation; OPC: Overall performance categories

Copyright © 2020 Annals, Academy of Medicine, Singapore
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Additionally, 44.3% of NH OHCA were unwitnessed,
suggesting a need for protocols to be drawn up in
NH for timely recognition of arrest events.”” However,
the NH population is generally more frail and may
not be communicative at baseline, and this makes it
difficult to observe a change in their clinical status.
This issue is further compounded by the lack of
nursing staff.?* Some solutions may include
adjustments in staff and manpower requirements and
appropriate use of patient monitoring devices as part
of early warning systems.?®

This study has several limitations. First, the PAROS
registry did not capture neurological status of patients
prior to arrest and this limited interpretation of the
results since a change in status from baseline could
provide insights for ACP. Second, the registry did not
capture information on prior care preferences such as
Advance Medical Directive (AMD). Finally, although
the registry had collected information about the
resuscitation process, intangible data on the quality
of resuscitation was not captured since healthcare
providers might be hesitant to vigorously resuscitate
patients whom they believed had poor outcomes. Since
this study only examined factors that were associated
with survival and favourable neurological outcomes,
quality of life measures among survivors were not
evaluated. Recent studies had shown that OHCA
survivors tended to experience cognitive and emotional
issues.”! Since NH residents were often admitted
from a lack of social support, further study is needed
on the cognitive and emotional needs of this
population. Local studies had also found that ACP was
often undertaken in acute hospitals. Hence, the issue
of an uptake in ACP and AMD in NH residents could
be further examined.?> Meaningful interpretation of
data from cardiac arrest registries may be enhanced
when information on neurological status prior to arrest
and prior care preferences is captured.

Conclusion

OHCA patients in NH had similar survival rates
as non-NH patients; however, they had poorer
neurological outcomes. The incidence of NH survivors
with good neurological outcomes is <1%. These
findings can inform ACP in NH residents to help
them make informed decisions on their care goals
and plans.
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Abstract

Introduction: Although the EQ-5D questionnaire is widely used to measure
health status internationally, there is little evidence of its content validity in
Asian populations. This qualitative study aimed to explore the content validity of
the EQ-5D in Singapore. Materials and Methods: Sixty Singaporeans (Chinese:
20; Malay: 20; Indian: 20) completed semi-structured interviews in which they
were asked about health concepts which were important to them and the relevance
and comprehensiveness of the EQ-5D descriptive system (DS). Thematic analysis
employing open, focused and axial coding was used to identify the themes and
subthemes from the interviews. Results: A total of 70 health concepts were identified
which fall into the broad categories of ‘physical health’, ‘mental well-being’,
‘social relationships’, ‘medical conditions and treatment’, and ‘health promotion
knowledge and behaviours’. The 5 dimensions in the EQ-5D DS were among the
health concepts nominated by participants. Some participants suggested that
content validity could be improved by adding social relationships, medical
conditions and treatment, and health promotion knowledge and behaviours to
the EQ-5D DS. Conclusions: This study confirmed that EQ-5D dimensions are
important and relevant aspects of health to Asians in Singapore, although some

dimensions that could be important to Singaporeans are absent.

Keywords: Content validity, EQ-5D, Qualitative research, Singapore

Introduction

EQ-5D is a tool to measure and value health status.!
It is a standardised questionnaire that comprises 2
components: a Descriptive System (DS) on the first
page and a hash-marked visual analogue scale
(EQ-VAS) on the second page. Importantly, responses
to the DS can be converted into a utility score to
indicate the value of the described health state
according to the health preferences of the general

public in a given country or region. This utility
score is widely used to estimate quality-adjusted life
years (QALYSs) in the economic evaluation of health
interventions or programs.!

The EQ-5D has been used worldwide in many
different populations, and the construct validity of
its DS has been demonstrated in numerous studies.>™
However, only a handful of studies have investigated
the content validity of the EQ-5D DS, and none was
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carried out in Asian populations.”" Content validity
is defined as the extent to which an instrument
measures the important aspects of concepts that it
is supposed to assess, and its importance has been
stressed for development of patient-reported outcomes
(PRO) instruments.'? Tt should be noted that construct
validity does not necessarily ensure content validity.
Take EQ-5D, for example, although construct validity
is confirmed to some degree for patients with
asthma,"*'5 content validity is found to be poor for
this patient group.'' Therefore, it is imperative to
formally assess both. Content validity is usually
established before construct validity during the
process of developing a new psychometric measure.

Cultural factors are one potential threat to the
content validity of patient reported outcome (PRO)
measures because culture influences people’s ways
of living, thinking, and expressing themselves, and
therefore inevitably their ways of conceptualising and
evaluating psychological concepts such as health.'®!”
As is the case for many PRO measures, EQ-5D was
originally designed within a specific cultural context,
by researchers from several European countries.
However, driven by user demand, it was subsequently
applied to populations from other cultures.
Theoretically, EQ-5D may include dimensions that
are less important to some cultures (i.e. the issue
of relevance), and vice versa, health dimensions
important to a culture may not be present in EQ-5D
(i.e. the issue of adequacy).

While EQ-5D has been widely used and its
construct validity extensively tested and demonstrated
in Asian populations, its relevance and adequacy
has not been investigated in that context. In order to
address that gap in the literature, we explored the
content validity of the EQ-5D DS among Chinese,
Malays, and Indians living in Singapore. The
research questions we intended to answer were: How
do Singaporeans define health? What are the most
undesirable health problems to Singaporeans? Are
the EQ-5D dimensions relevant and collectively
comprehensive?

Materials and Methods

Participants

Participants were recruited from the general public
using convenience sampling methods. Recruitment
began from conveniently selected residential areas by
trained interviewers through personal contacts. A
snowballing method was then used to recruit new
participants who were not family members of existing
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participants. Quotas were set to ensure a varied sample
in terms of ethnicity, gender, age, educational level,
and experience with illness. The inclusion criteria
were as follows: (1) native Singaporeans living in
Singapore for the past 5 years, (2) aged 40 years or
above, (3) ethnic Chinese, Malay or Indian, (4) conversant
in English or Chinese, and (5) willing to have the
interview audio recorded. Written informed consent
was obtained from each participant before interview.
Ethical approval for the study was obtained from the
National University of Singapore’s Institutional Review
Board (Ref No.: S-19-129E).

Data Collection

Consenting participants were interviewed face-to-
face and one-on-one using a standard semi-structured
interview guide either at their homes, workplaces or
other quiet public venues. All interviews were recorded
with a digital voice recorder. Participants’ demographic
characteristics were collected using a questionnaire
after the interview was completed. Up to 20 participants
were recruited from each ethnic group, with the aim of
achieving information saturation.

A standard semi-structured interview guide was
designed by the investigators to elicit participants’
understanding and conceptualisation of health in
general before exploring their perceptions of the
EQ-5D questionnaire. The semi-structured interview
consisted of 2 main sections. The first section consisted
of broad, open-ended questions to elicit the health
concepts that are most important to the participants
(e.g. Could you describe what is good health and
poor health to you? What are the health problems
that do or could affect your quality of life the most?
What are the most undesirable health problems?).
In the second section, participants were asked to use
the EQ-5D DS to describe their health, following
which they were asked for their opinions about the
adequacy of the DS (e.g. Were any health aspects
that are important to you but not included in the
questionnaire?) and suggestions for how it might
be improved to make it more relevant and adequate
for them. The EQ-5D DS assesses the following
five dimensions of health: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression.
In this study, we used the 5-level version of EQ-5D
(EQ-5D-5L) in which each dimension has 5 levels
of severity—no problems, slight problems, moderate
problems, severe problems, and extreme problems.

Three interviewers were trained for this study using
the interviewer guide designed by the study team. All
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interviewers were bilingual (English and Chinese).
Chinese participants were interviewed in their
preferred language. Malay and Indian participants were
interviewed only in English.

Data Analysis

All the recorded interviews were transcribed
verbatim, with those conducted in Chinese translated
into English after transcription, before they were
coded by the interviewers. All the scripts were
analysed by sections in accordance with the research
questions: the dimensions used to define health and
the most undesirable health problems in the first
section; important health dimensions that are not
included from the EQ-5D DS in the second section.

Thematic analysis was used to analyse the data. No
pre-existing framework was used during analysis.
The exception was when we coded the section for the
most undesirable health problems, we used the WHO
definition of health as the framework to identify
themes under the three broad categories of physical,
mental and social well-being.'® The coders first
familiarised themselves with a transcript before
coding it line by line, following closely to the data.
This was followed by focused coding, which involved
grouping the common and important initial codes into
themes and sub-themes. Axial coding was used to
organise the themes into domains to give coherence to
the analysis at the conceptual level."”

Each script was coded line by line by 2 independent
coders. To establish consistency in coding, the 2
coders coded 5 common scripts independently and
then reviewed their codes together to reconcile any
differences. The principal investigator was consulted
whenever the two coders could not reach consensus
on any discrepancy. The initial codebook developed
comprised 5 fields (code title, definition, example,
inclusion/exclusion rules, and relationship to other
codes). The definitions of the labels used in the
codebooks were based on participants’ interpretations.
This codebook was created to ensure consistency
in coding. An inductive process was also adopted to
expand and refine the codebook so that new themes
identified were reflected. Both coders followed the
reconciled codes when they were coding independently.
The coded transcripts were then independently
reviewed for an assessment of the coding quality.

Excerpts were used to support the analysis; prefixes
C, M, and S were used to indicate participant’s ethnicity
(Chinese, Malay and Indian), followed by a number.
Where necessary, minor modifications were made to

the excerpts for easy understanding, such as when
colloquial language was used or when a sentence
was incomplete.

Results

Sixty native Singaporeans, comprising 20 Chinese,
20 Malays, and 20 Indians, were interviewed from
December 2016 to December 2017. Of the 60
participants, 28 were male and 32 were female, and
the mean age was 58.9 years (range, 40-88 years old).
Most of the participants had either received long-
term patient care or had cared for family members
or other patients with diseases that they perceived as
serious (74.2%). They represented a range of socio-
demographic characteristics (see Table 1). A total of
6 interviews were conducted in Chinese while the
remaining were conducted in English. Findings were
reported following the pre-defined research questions.

Health Concepts

A total of 70 health concepts were identified from
the first section of the interviews which focused on
what constituted good, poor or excellent health. These
health concepts were organised into 17 themes and
53 subthemes before being assigned to 1 of 5 broad
domains: physical health, mental well-being, social
relationships, medical conditions and treatment, and
health promotion knowledge and behaviours. Figure 1
shows the hierarchical structure of the health concepts
and Tables 2 and 3 presents the definitions and
exemplar quotes for the health concepts. Below is a brief
summary of the health concepts by domain and theme.

Physical health: This domain is interpreted as
self-perception of the physical aspects of health. It
contains 24 health concepts which are grouped under
five themes.

Mental well-being: This domain comprises status and
abilities related to mental activities. It contains 3 themes.

Social relationships: This domain includes 4
themes related to quality of interpersonal relationship
and its consequences.

Medical conditions and treatment: This domain
surrounds medical conditions.

Health promotion knowledge and behaviours:
As suggested by its name, this domain refers to the
knowledge and behaviours that promote good health.

Participants from all 3 ethnicities nominated
health concepts that fell under the 5 domains.
Interestingly, the concept of ‘pain’ appears in 2
identified domains, namely physical health and mental

Copyright © 2020 Annals, Academy of Medicine, Singapore
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Table 1. Participants’ characteristics

Chinese Malay Indian Total
(N=20) (N=20) (N=20) (N=20)

Age (year)

Mean (SD) 65.4 (12.78) 57.1(8.62) 54.3(9.92) 58.9 (10.44)

40-59 (n,%) 8 (40%) 13 (65%) 10 (50%) 31 (51.7%)

=60 (n,%) 12 (60%) 7 (35%) 10 (50%) 29 (48.3%)
Gender (n,%)

Male 9 (45%) 8 (40%) 11 (55%) 28 (46.7%)

Female 11 (55%) 12 (60%) 9 (45%) 32 (53.3%)
Care-taking experience (n,%)*

Directly received care 6 (30%) 4 (20%) 3 (15%) 13 (21.0%)

Directly provided care 7 (35%) 13 (65%) 13 (65%) 33 (53.2%)

No experience 8 (40%) 3 (15%) 5 (25%) 16 (25.8%)
Highest Education (n,%)

Primary education or below 4 (20%) 1 (5%) 2 (10%) 7 (11.6%)

Secondary level (including ‘A’ level, other diploma and 14 (70%) 17 (85%) 12 (60%) 43 (71.7%)

professional qualification

University & above 2 (10%) 2 (10%) 6 (30%) 10 (16.7%)
Marital Status (n,%)

Never married 3 (15%) 0 (0%) 1 (5%) 4 (6.7%)

Currently married 12 (60%) 18 (90%) 17 (85%) 47 (78.3%)

Separated/Divorced/Widowed 5 (25%) 2 (10%) 2 (10%) 9 (15%)
Occupation (1n,%)

Working 10 (50%) 14 (70%) 19 (95%) 43 (71.7%)

Homemaker/housewife 2 (10%) 3 (15%) 0 (0%) 5 (8.3%)

Retired 7 (35%) 2 (10%) 1 (5%) 10 (16.7%)

Unemployed 1 (5%) 1 (5%) 0 (0%) 2 (3.3%)
Religion (n,%)

Buddhism/Taoism 8 (40%) 0 (0%) 0 (0%) 8 (13.3%)

Christianity 10 (50%) 0 (0%) 3 (15%) 13 (21.7%)

Hinduism 0 (0%) 0 (0%) 16 (80%) 16 (26.7%)

Islam 0 (0%) 20 (100%) 1 (5%) 21 (35%)

Other 2 (10%) 0 (0%) 0 (0%) 2 (3.3%)
Average Earnings of Household per month (n,%)

<$2,000 7 (35%) 5(25%) 4 (20%) 16 (26.7%)

$2000 - $5999 5 (25%) 8 (40%) 6 (30%) 19 (31.7%)

> $6000.00 5 (25%) 6 (30%) 8 (40%) 19 (31.7%)

Refused/ Don’t know 3 (15%) 1 (5%) 2 (10%) 6 (10%)

*One Indian and one Chinese participant remarked that they both received care and gave direct care.

May 2020, Vol. 49 No. 5
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Table 2. Domain, theme and definition

Domain Theme Operational Definition
Physical Health Activities Ability to carry out physical activities
Appearance Outward physical traits of a person

Basic Functions
Physiological Fitness
Undesirable Body Sensations

Mental Well-Being Cognitive Function

Emotions
Mind-set
Social Relationship Available Support

Burden to others

Quality of Relationships

Medical Conditions
and Treatment

Family Medical History

Financial Burden
Medical Diagnosis

Medical Treatment

Health Promotion Behaviours
Knowledge and
Behaviours

Knowledge

well-being. Physical pain was reported as bodily pain
due to painful illnesses.

“Normally, there is ankle pain. This one you call
it. [points to knee] and your spine.” (M00S)

Emotional pain was reported when the participants
recounted being diagnosed with a serious illness or
when other family members or loved ones were involved.

“I think it [illness] puts a lot of pain, both to the
patients and the family members” (S020)

The Most Undesirable Health Problems

The health concepts that were identified as being
most undesirable by participants were grouped
according to the following domains: physical health,
mental well-being and social well-being.

Persons’ basic bodily functions

Physiological aspects of the body that makes a person physically fit

Experience or lack of negative sensations

Basic functions relating to mental processes involved in knowing, learning,

and understanding things.

Feelings of emotional distress or positive emotional experiences

Persons’ general attitudes or way of thinking

Presence or absence of care, support and understanding from other individuals/institutions

Self-perception of putting mental, financial or physical pressure on others due to own

health state

Degree of harmony between family and non-family members and the ability to partake in

social activities

Health status and history of the person’s close relatives

Feelings of financial burden due to own health status

Presence /Absence of Illness confirmed by medical test(s) or the doctor

Need for medical resources including medicine prescription, medical aids, examinations or

tests as well as the other medical advice

Behaviors associated with improving /damaging health

Extent of knowledge pertaining to health promotion

Physical health: Almost all the participants reported
physical health problems as one key aspect that would
affect their quality of life (QoL) most. These included
problems in basic functioning such as mobility and
vision, the ability to perform activities such as
exercises and hobbies, and the ability to perform self-
care activities and work-related activities.

“A lot of things that they [stroke patients] cannot
do already, such as putting their shirt. Eating
[is also] difficult for them to do.” (M004)

The concepts of pain and not being able to enjoy food
were also highlighted by participants as some of their
most undesirable health problems.

“Heart attack, stroke all these will cause you a
lot of pain and physical suffering.” (M010)

Copyright © 2020 Annals, Academy of Medicine, Singapore
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“[Dueto] gastric problems, I cannot eat my favorite
spicy food, sour food.” (CO08)

Mental well-being: Mental well-being was also
considered to have a significant effect on QoL. Excerpt
below shows how anxiety can affect QoL.

“Once you get cancer, it is... so sad. Her [cancer

patient] enjoyment is not there already... she will
be worried, worried, worried. She won't know
when is her last day.” (S004)

Social well-being: Issues such as being confined at
home, withdrawal or isolation from their social networks
were said to potentially decrease QoL drastically.

“I cannot be close to my loved ones or friends. |
would probably be very isolated.” (C014)

The Comprehensiveness of EQ-5D Dimensions

In general, the 5 dimensions in the EQ-5D DS were
said to be adequate in describing health status. This is
reflected in the excerpts below.

“I think it is quite complete. I think it covers all
mostly all the areas.” (C010)

Although the questionnaire was regarded positively,
some suggestions were given by the participants for
improvement. These included dimensions of health
that are not found in the existing questionnaire.
The nominated dimensions fell under the same five
categories identified from section one of the interviews
and are summarised below.

Physical health: Under this category, participants
suggested adding questions regarding appetite, ability
to eat, dietary restrictions, sleep, and vision.

“They didn t talk about your appetite. I think they
should put it in [the questionnaire]” (S012)

“Not being able to eat means you cannot take
certain food due to illness... it is not under [any
dimensions in EQ-5D].” (C018)

“Sleep... [is] not included here.” (S011)

Mental well-being: Under this category, a participant
pointed out that EQ-5D might not be able to capture
the impact on cognitive functioning due to dementia.

“Dementia is different from the rest of the five
aspects.” (M002)

Social relationships: Questions regarding family
relationships, available support, and the experience of
being a burden to others were suggested by participants

“Maybe you can add ‘Any problems with family
life?” (MO11)

“Some people don't have finance problem, you
know. At least they got, government supporting
them. This kind of, nobody supporting them, like
no father, no mother, no sister.” (S010)

“I'want to add... ‘Burden to family’.” (M013)

Medical conditions and treatment: A need to include
questions on medical situations (such as medical
diagnosis and treatment) and financial burden was
raised by some participants

“They don't have a question [which] asks about
whether you have any kind of sickness.” (C019)

“Cost of medicines is not similar to any of the 5
aspects.” (M003)

Comments and Suggestions for Improving EQ-5D DS

Participants who elaborated on why they thought
the EQ-5D DS was good revealed that they found
the questionnaire easy to understand and is of
suitable length.

“No, better don't change it because this one is
simple, you can ask elderly; elderly can answer
you.” (S004)

The most often alluded negative comment was that
the EQ-5D DS does not probe sufficiently into
respondent’s health and that the questionnaire can
include more items from the same dimensions.

“[EQ-5D] is quite general, I would say. It doesn t
go into details, right? Very general.” (C006)

Other negative comments included difficulty
in understanding some of the terms used in the
questionnaire such as ‘anxiety’, ‘depression’, ‘mobility’
and ‘discomfort’. There was also difficulty in
differentiating the terms ‘slight” and ‘moderate’ found
in the response options of the English version. Another
comment raised was that the item “anxiety/depression”
is a sensitive topic.

“I know depressed but what is anxious?” (S008)

“Its [‘moderate’ and ‘slight’] quite similar. |
mean look at it. I have a slight pain. I have a

Copyright © 2020 Annals, Academy of Medicine, Singapore



moderate pain. It’s quite close unless you can tell
them a degree of [difference].” (S011)

“Like this one—severely anxious/ depressed...
They [the respondents] will hide. They won't tell
the secret.” (S008)

Participants also recommended combining dimensions
of EQ-5D due to similarities and overlaps in concepts.
The dimensions suggested to be combined are ‘Usual
Activities’ with ‘Mobility’ and ‘Self-Care’ with ‘Mobility’.

“I think this one [Usual Activities] and this one
[Mobility] can combine because I think walking is
a usual activity.” (CO18)

“Especially like ‘self-care’, it shows your mobility,
1 think they are quite linked.” (S011)

On the other hand, one participant recommended
separating the item ‘Anxiety’ from ‘Depression’.

“Its [EQ-5D] not directly asking you what kind
of anxiety or what kind of depression. Like,
sometimes I don 't have depression but I might have
anxiety.” (S005)

In order to facilitate respondents’ understanding,
concrete examples for each response option were
suggested to be included.

“This ‘Mobility’, right? Maybe they [the
questionnaire] can prompt you that, certain
distance or uphill [or] downhill that [sort of
thing].” (S019)

Some participants also suggested replacing the
current response format for ‘Pain and Discomfort’ item
with a face or number scale.

“Then rate the pain, 1 to 10.” (S015)

“How we always evaluate the pain score, can
put the face level so they know that. It’s easier
than words...so that it will cater to all age
groups.” (S012)

Conclusions

In this study, all 5 health dimensions of EQ-5D DS
were found in the framework of health concepts
nominated by Asians living in Singapore, namely,
mobility as a basic function (category: physical
health), self-care and usual activities as activities
(category: physical health), pain/discomfort as
undesirable bodily sensations, and anxiety/depression

May 2020, Vol. 49 No. 5
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as worry/anxiety and happy/sad (category: mental
well-being). Health concepts that emerged when
discussing participants’ most undesirable health
problems also coincided with the 5 dimensions in the
EQ-5D DS. It is noteworthy that these health concepts
were elicited from participants before they saw the
EQ-5D-5L questionnaire so that their responses would
not be influenced by prior knowledge of instrument
content. In addition, respondents generally commented
the EQ-5D DS to be adequate; only a few respondents
suggested other possible dimensions to be included
in the instrument, which, for them, would presumably
help to improve the adequacy of the EQ-5D DS.
These findings suggest that even though the EQ-5D DS
was originally designed by researchers in European
countries, it does have a considerable degree of
content validity in this multi-ethnic and multi-cultural
Asian population. To the best of our knowledge, no
evidence on the content validity of the EQ-5D DS
in Asian populations is available in the literature.
Therefore, our study is an important first step in
filling the gap in evidence for the content validity of
the EQ-5D instrument in Asia.

While content validity appears to be satisfactory, the
EQ-5D DS covers only a small portion of the health
concepts identified in the study and respondents did
propose a number of additional health concepts which
they thought would improve the comprehensiveness
of the questionnaire. It should be noted, though, that
a recent systematic review found that not all ‘bolt-
on’ dimensions improve measurement properties.*
Furthermore, addition of new items to EQ-5D would
mean an increase in respondent and administrative
burden which needs to be balanced against any
potential increase in content validity and other
measurement properties. It is not clear, from the
current findings, which additional health dimension(s)
would bring the most psychometric advantage
and/or improvements to content validity in EQ-5D
when assessing the health status of Singaporeans.
That was not the aim of this study and further
research would be required to explore whether health
dimensions such as appetite and ability to eat, which
are assigned high value in Singapore culture, are
considered equally or more important than the health
dimensions already included in the instrument and
whether those dimensions could improve the
measurement of Singaporeans’ health.

Our study suggests a special issue that users of the
EQ-5D questionnaire may face among Asian in
Singapore. Although the questionnaire is brief and
simple, respondents with low literacy levels may have
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difficulty understanding some of the wording such as
‘mobility” and ‘anxiety/depression’. It is also possible
that some respondents might have difficulty
differentiating between ‘slight problems’ and ‘moderate
problems’. The issue of respondents’ failing to
recognise the relative severity described by ‘slight’
and ‘moderate’ was reported in previous studies.?'*
These issues suggest that interview-administration
might be more appropriate when study samples
comprise individuals with low literacy levels, such as
old people.

Our study also suggests ways in which EQ-5D
could be improved. For example, one way is to separate
the 2 dual dimensions, namely, ‘pain/discomfort’ and
‘anxiety/depression’. The dual dimensions may be
confusing to respondents and therefore difficult to
answer; it therefore may be less informative than
assessing the 2 component problems separately. Indeed,
another study conducted in the United Kingdom on
patients with asthma showed that ‘anxiety’ and
‘depression’ were considered by respondents as
separate issues and that the combination of the
two concepts into a single item was not optimal.!!
Modifying the questionnaire in this way, however,
would increase the total number of questions which
would increase respondent and user burden. Moreover,
addition of dimensions means new valuation studies
would be required, which entails a lot of work.
Therefore, the gains and losses need to be weighed
very carefully before any changes are made.

The conceptual framework of health developed from
the results observed in this study had similarities and
differences with an earlier framework put forward
by Thumboo et al.?® In that study, patients and health
professionals in Singapore were first asked to indicate
areas of life they considered important in order to
be happy and satisfied with life before completing a
similar exercise which only focused on health.
Participants identified a total of 27 health concepts.
While both studies identified health concepts
falling into the 3 broad categories of physical
health, mental health and social health (which were
pre-specified in Thumboo et al, but not in our
study) only our study identified concepts related
to medical conditions and treatments and health
promotion knowledge and behaviours. This could be
explained by the types of questions asked during the
interview process.

While our study probed more into health problems,
Thumboo et al’s study took a broader approach
where participants were asked to think about “areas
of life they considered important in order to be happy

and satisfied with life” followed by focusing on
“health” and “the subset of areas in health”. As there
was more emphasis on negative aspects of health,
it is perhaps unsurprising that, in contrast to
Thumboo et al, we elicited dimensions and themes
such as ‘medical condition’ and ‘smoking’ or ‘alcohol’
consumption. We also retained a higher level of
granularity when including health concepts in the
conceptual framework, by including domains, themes,
and sub-themes, which means that we included
a larger number of health concepts. We believe
this enhances the framework’s informatively. For
example, Thumboo et al included ‘emotions’ as a
domain without breaking that down into specific
components; in contrast, we preferred to retain
specific emotions such as ‘worry/anxiety’ and
‘happy/sad’ within the framework, in part because the
components of the emotions domain could vary by
country. A further important difference between the
two frameworks is that we identified ‘usual activities’,
including ‘work’, as a relevant health concept whereas
Thumboo et al found that ‘work” and other activities
were not cited as important aspects of health or
QoL but rather that health was described as a
requirement to engage in these activities. It is not
clear why this difference should have arisen but
again it may have something to do with the type of
questions asked, for example by our inclusion of
questions on health problems and what bad health
means. At least some of the references to the inability
to work being an important health problem arose in
that section of the interview.

This study was based on a general population
sample only, in part because EQ-5D is intended for use
in a range of population types, including the general
population. This is also because the EQ-5D index score
is based on the preferences of the general public for
the health states described by the descriptive system.
Therefore, it would seem to make sense to ask the
general population to evaluate the descriptive system.
Although it might appear to make sense to also carry
out this sort of study in patient samples, great care
would need to be taken to ensure that content was not
biased toward or against particular patient populations.

Another limitation of the study is the use of face-to-
face interview as the sole data collection method.
Health may be a sensitive topic to discuss for some
Asians, especially through a one-to-one, face-to-face
conversation. Therefore, a combination of both
in-depth interviews and focus group discussion where
participants could encourage one another to express
their views might be a better strategy for this study.

Copyright © 2020 Annals, Academy of Medicine, Singapore



Indeed, sexual function surfaced as an important
health domain in another study in Singapore where
both modes of data collection were used,”® but was
not alluded to in our study. Nevertheless, similar
health concepts were generated from our study,
suggesting that this limitation might not have biased
our findings towards incompleteness significantly.
Due to manpower constraints, we had excluded
Malay and Indian participants who did not speak
English. This meant that the views of older Malay
and Indian participants with lower levels of education
were not included in this study.

In this study, only participants aged 40 and above
were invited to take part. The study team believed
that, compared to this group of participants, younger
participants might not have had as much experience
with poor health and chances to reflect upon the
concept of health. Thus, this age restriction was
implemented to involve participants who were thought
to be better able to contribute to the discussion of
the concept of health. The study team acknowledges
that concepts of health deemed important to younger
people might differ. Nevertheless, our findings were
similar to those reported in the Thumboo et al study,
which did include younger participants. This suggests
that the inclusion of younger adults in our study may
not have led to very different results. It would be
of interest, however, for future studies to explicitly
explore whether there are differences between younger
and older respondents in terms of the health concepts
they consider most important.

In conclusion, our study provides preliminary
evidence of the content validity of the EQ-5D for
measuring the health of a multi-cultural, multi-ethnic
Asian population. Findings from this study may be
used to inform future research aiming to assess or
improve the instrument in Asia.
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Survival and Predictors of Mortality in Acute Kidney Injury Patients Treated with

Sustained Low Efficiency Dialysis

Attaphong Phongphitakchai, '»», Ussanee Boonsrirat, 'vp

Abstract

Introduction: Sustained low efficiency dialysis (SLED) is an increasingly common
treatment option for acute kidney injury (AKI) patients, but there are few studies
examining the survival and predictive outcome of this therapy. The study aims to
evaluate survival, pre-SLED predictors and complications associated with SLED.
Materials and Methods: This was a retrospective cohort study of 91 patients with
AKI treated with SLED in a tertiary hospital from January 2014 to August 2018.
The primary outcomes were in-hospital and 30-day mortality. The secondary
outcomes were the clinical and laboratory pre-SLED characteristics that were
associated with survival and complication of SLED. Results: Median survival of
AKI patients treated with SLED was 17 days and the 30-day mortality rate
was 58%. Pre-SLED serum levels of creatinine (adjusted HR 0.82, 95%
CI 0.71x0.94), albumin (adjusted HR 0.57, 95% CI 0.4-0.81), potassium
(adjusted HR 1.38, 95% CI 1.1-1.73) and number of SLED (adjusted HR 0.95, 95%
CI 0.91-1) served as predictors of survival. Arrhythmia was found 3.3% and
intradialytic hypotension in 13.2% of patients. No patient had bleeding
complications. Conclusions: Our study found similar in-hospital and 30-day
mortality for AKI patients treated with SLED. High pre-SLED levels of serum
albumin, creatinine and number of SLED were significantly associated with
reduced risk of death and high pre-SLED serum potassium was associated with
increased risk of death. These results indicate that SLED is safe treatment, with few
haemorrhage and haemodynamic complications.

Key words: Acute kidney injury, Predictors, Sustained low efficiency dialysis, Survival

Introduction

Approximately one in ten patients admitted to an
intensive care unit (ICU) develops acute kidney injury
(AKI), an important complication of ICU patients,
and requiring renal replacement therapy (RRT).! It
is well known that AKI contributes to mortality and
chronic kidney diseases which result in health and
economic burdens.? Traditionally, there are 2 RRT
modalities for ICU patients with AKI—continuous
renal replacement therapy (CRRT)** and intermittent
haemodialysis (IHD). However, these 2 modalities

have shortcomings in their need of special devices,
special nursing care and their high cost as well as
the requirement for haemodynamic stabilility. Thus
sustained low efficiency dialysis (SLED) is becoming
more commonly used due to its ease of use and
haemodynamic stability.>¢

SLED is a hybrid therapy which provides better
haemodynamic tolerability, lower exposure to
anticoagulation and shorter duration of therapy
without changing the patient’s clinical outcome or
survival compared to CRRT.” However, as this is a
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relatively new therapy, there are few studies examining
the details of clinical and laboratory responses to it,
information that is essential to evaluate the potential
outcome of a patient undergoing SLED or factors
influencing their survival.®® Therefore, this study
aimed to evaluate survival and potential pre-SLED
predictors of survival, and assess haemorrhagic and
haemodynamic complications associated with SLED.

Materials and Methods

A retrospective, cohort study was conducted
in Songklanagarind hospital which is a university
hospital in Southern Thailand from Januray 2014 to
August 2018. AKI patients aged 15 years or above
treated with SLED who met the AKI criteria cited in
The Kidney Disease Improving Global Outcomes
(KDIGO) guidelines 2012. Further inclusion crieria
were those with a serum creatinine level rising
more than 0.3 mg/dL in 48 hours, urine output less
than 0.5 ml/kg/hour for 6 hours or patients who
were likely to suffer acute renal failure within
1 week of the serum creatinine level increasing
1.5-fold higher than the baseline serum creatinine.
Those with end stage renal disease (ESRD) were
excluded. The sample size was calculated based on
one sample for estimating hazard in survival analysis
considering hazard of 25% and 95% confidence
intervals leading to a required sample size of 87
patients. The study was approved by the Ethics
Committee of the Faculty of Medicine, Prince of
Songkla University (REC 60-072-14-4)

Eligible patients were identified from the lists of
patients undergoing haemodialysis in the ICU using
SLED. The duration of one SLED session in our
study was 6 to 12 hours with blood flow rate 150 to
250 ml/min and dialysate flow rate of 300 to
500 ml/min. Normal saline or heparin was used as
the anticoagulant. The medical records of eligible
patients treated with SLED were reviewed for
demographic and clinical characteristics, clinical and
laboratory responses, and mortality.

The primary outcomes were in-hospital mortality
and 30-day mortality. The secondary outcomes were
the clinical and laboratory pre-SLED parameters that
affect survival including severity score, mean arterial
pressure and numbers of vasopressors before and after
the SLED treatments and the SLED characteristics.
Other variables were pre-SLED serum urea nitrogen,
creatinine, potassium, calcium, phosphorus, magnesium
and blood pH. Independent variables included age,
gender, cause of AKI, comorbidity, reason for ICU
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admission and mechanical ventilator uses were
reviewed at the start of the SLED treatments. Bleeding
complications after the SLED treatments were
reviewed. Intradialytic hypotension was defined as an
acute drop in systolic blood pressure below 80 mmHg
or more than 20% from baseline. Bleeding
complication was defined as bleeding at the catheter
exit site or systemic bleeding from anticoagulant use
with SLED.

In-hospital mortality was analysed using the
Kaplan-Meier method. The 30-day mortality rate
of AKI treated with SLED was analysed descriptively.
Predictors of survival were analysed by the Cox
proportional hazards model. The laboratory responses
were expressed as means and compared between
pre-SLED, 24 hours and 48 hours post-SLED using
the student paired t-test. The clinical responses
were expressed as means and compared between
pre-SLED and post-SLED wusing the student
paired t-test. The SLED complications were expressed
as numbers (percentages).

Results

During the study period, a total of 504 patients were
admitted to the ICU for a cause requiring RRT and
91 of them met the additional inclusion criteria. Table 1
shows the baseline characteristic of all patients. Their
ages ranged from 17 to 81 years and two-thirds were
male. Approximately half of the AKIs were caused
by acute tubular necrosis (ATN) and the most common
comorbidity was sepsis. Almost all of the patients
required mechanical ventilator and vasopressor.
Of the 89 patients receiving vasopressor, 60 patients
needed to increase dosage of norepinephrine and
10 patients needed to increase dosage of norepinephrine
with use the additional dopamine. The mean dosage
of norepinephrine (major vasopressor used) was
0.18 pg/kg/min (ranges 0.02-0.2 pg/kg/min) and
the mean dosage of dopamine (additional vasopressor
used) was 5.2 pg/kg/min (ranges 3.0-6.0 pg/kg/
min). The cardiovascular system SOFA score 3 and
4 were 10 and 79 patients, repsectively. The eligble
patients treated with SLED had high Sequential Organ
Failure Assessment (SOFA, 13.3 + 3.4) and Acute
Physiology and Chronic Heath Evaluation scoring
system version II (APACHE II, 29.3 + 5.8) scores.
Table 2 shows the SLED characteristics. The number
of SLED treatments per patient ranged from 1 to 12.
The blood flow rate and dialysate flow rate ranged from
150 to 250 ml/min and 300 to 500 ml/min respectively.
Ultrafiltration ranged from 0 to 2500 ml/session and
the duration of SLED ranged from 8 to 12 hours.
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Table 1. Baseline characteristics of study patients

Table 2. SLED characteristics

Variables Number of patients
(n=91)
Age (years), median (IQR) 65 (52,74)
Gender, n (%)
Male 57 (62.6)
Female 34 (37.4)
Cause of AKI
Pre-renal 25(27.5)
ATN 41 (45.1)
CIN 6 (6.6)
Post-renal 1(1.1)
Multiple causes 18 (19.8)
Comorbidity, n (%)
Sepsis 51 (56)
Diabetes 12 (13.2)
Heart disease 19 (20.9)
Other 9(9.9)
Reason for ICU admission, n (%)
Medical 43 (51.8)
Surgical 31(37.3)
Cardiovascular 8 (9.6)
Trauma 1(1.2)
Mechanical ventilator use, n (%) 84 (92.3)
Vasopressor use, n (%) 89 (97.8)
Laboratory (pre-SLED)
Serum urea nitrogen (mg/dl), mean + SD 69.6 (30.9)
Serum creatinine (mg/dl), mean + SD 4.9 (2.8)
SOFA score, mean + SD 13.3(3.4)
APACHE 1II score, mean + SD 29.3 (5.8)

AKI: Acute Kidney Injury; APACHE II: Acute Physiology and
Chronic Heath Evaluation scoring system version II; ATN: Acute
Tubular Necrosis; CIN: Contrast Induced Nephropathy; ICU: Intensive
Careunit; IQR: Interquartile Range; SLED: Sustained Low Efficiency
Dialysis; SOFA: Sequential Organ Failure Assessment

Table 3 shows the laboratory responses after SLED
treatment at 24 and 48 hours. Serum urea nitrogen,
creatinine and potassium were significantly decreased
after SLED at 24 and 48 hours. Acidosis was
significantly improved after the SLED treatment at

Variable Mean + SD
Number of SLED treatments per patient, 5(2,8)
median (IQR)

Blood flow rate (millilitres/min) 184.6 (50.4)

Dialysate flow rate (millilitres/min) 412.5(105.9)

Ultrafiltration (millilitres/day) 1888 (1658)

SLED duration per treatment (hours) 10.41 (1.73)

IQR: Interquartile Range; SLED: Sustained Low Efficiency Dialysis

both 24 and 48 hours. The data on the clinical
responses and complications are presented in
Table 4. Mean arterial pressure (MAP) and number
of vasopressor used were not significantly different
after SLED. Few instances of arrhythmia and
intradialytic hypotension were observed, and there
were no bleeding complications.

The 30-day mortality rate in AKI patients treated
with SLED was 58%. Figure 1 shows the
Kaplan-Meier curve of the patients’ survival rate.
The median survival time was 17 days, with a
maximum follow up of 210 days (7 months).
During follow up, one third of the patients died
within 7 days but the survival probability stablised
after 60 days. Pre-SLED SOFA, serum creatinine,
serum magnesium, serum potassium, serum albumin,
number of SLEDs and MAP were the 7 predictors
with P value <0.2 and these were included in the
first model of Cox proportional hazards regression
model. Only 5 predictors remained significant in
the final model (Table 5). For AKI patients treated
with SLED, predictors of survival included
pre-SLED serum creatinine (adjusted HR 0.82, 95%
CI 0.71-0.94), pre-SLED serum albumin (adjusted
HR 0.57, 95% CI 0.4-0.81), pre-SLED serum
potassium (adjusted HR 1.38, 95% CI 1.1-1.73)
and number of SLEDs (adjusted HR 0.95, 95%
CI 0.91-1), while pre-SLED SOFA (adjusted HR
1.08, 95% CI 0.99-1.17) was not significant. Patients
with a high pre-SLED serum potassium had a 1.38
times higher risk for death. High pre-SLED serum
creatinine, albumin and number of SLEDs had an
18%, 43% and 5% reduction in risk, respectively.

Discussion

A short median survival time of AKI patients
treated with SLED was found and more than half of
the patients died within 30 days of treatment. The pre-

Copyright © 2020 Annals, Academy of Medicine, Singapore



Survival and Predictors using SLED—Attaphong Phongphitakchai etal 309

Table 3. Laboratory responses

Variable Pre-SLED 24 hr Post-SLED P-value 48 hr Post-SLED P-value
Serum urea nitrogen 69.58 (30.87) 50.32 (28.68) <0.001 57.92 (22.47) <0.001
(mg/dl), mean + SD
Serum creatinine (mg/dl) 4.87 (2.76) 3.75 (2.40) <0.001 4.24 (2.61) 0.002
Serum potassium (mmol/L) 4.43 (0.97) 4.02 (0.88) 0.001 3.99 (0.60) 0.001
Blood pH 7.32(0.13) 7.36(0.14) 0.09 7.40 (0.08) <0.001
SLED: Sustained Low Efficiency Dialysis
similar to our findings, admission to medical ICU
Strata =+ All . . .
was reported to be associated with mortality after
1,00/ CRRT in a study by Pérez-Fernandez et al.'® In
another study by Abdula et al., survival curve
analysis found that a third of the patients died within
2 0751 1 week of treatment, with a median survival of
'§ 15 days.’
£ 5554 Pre-SLED predictors of survival were serum
[ albumin, serum creatinine, serum potassium, and
= number of SLEDs. We found that the higher the
@ 0.259 pre-SLED serum albumin, the lower the death rate.
The reason for this is not entirely clear, a meta
0.00] analysis found that hypoalbuminemia was a
T % = & o o e 2o predictor of bpth 'AKI and death after AKI
Time (days) development.'* Likewise, pre-SLED serum creatinine
Number at fisk was a predictor for survival, which may be associated
with the number of SLED treatments in patients
Al 91 35 21 19 16 16 13 12 with high serum creatinine.>*!'* In constrast, high
pre-SLED serum potassium increased the risk of

Fig. 1 Kaplan-Meier curve showing overall survival rate of AKI patients
treated with SLED

SLED predictors serum creatinine, serum potassium,
serum albumin and number of SLEDs were useful
in predicting survival. No significant number of
haemorrhagic or haemodynamic complications
resulting from the SLED treatment occured.

The short survival time of less than 30 days found
in our study corroborated with previous studies in
Canada and the USA®%*’ but higher than studies from
China and Germany.'®"" This may be explained by
the pre-SLED differences in the severity scores of
illness as measured by SOFA, as patients with higher
scores had higher mortality rates. However, one
randomised trial showed a high 30-day mortality
(83.3%) even though the average severity score was
low'?, indicating that other factors besides the severity
score also influences the mortality rate. In addition,
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death which may be explained by hyperkalemia
being associated with cardiovascular problems.'>6

Our study found that SLED treatments provided
haemodynamic stability and were associated with
less serious complications, as other studies have also
found.®”1%!” Recently, 2 systematic reviews indicated
that SLED was a safe and effective modality for
treating AKI in critically ill patients.'®!” The findings
of our study can be generalilsed to other settings
because the patient age, gender profile, major causes
of AKI and comorbid diseases were similar to
other studies.®'® Moreover, the details of the SLED
treatment in our study in terms of SLED treatments
per patient, blood flow rate, dialysate flow rate,
duration of SLED treatments, and use of normal
saline as an anticoagulant are similar to several
previous studies.®!%2%2! Tt has been suggested that the
use of normal saline as a SLED anticoagulant
may cause clotting in the SLED circuit leading
to blood loss??, but this did not occur in our study.
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Table 4. Clinical responses and complications

Variables Pre-SLED Post-SLED P-value
MAP (mmHg), mean + SD 80.7 (15.1) 78.3 (15.8) 0.29
Number of vasopressor use 1.3 (0.6) 1.5(0.9) 0.32
Arrhythmia, n (%) 33.3)

Intradialytic hypotension, n (%) 12 (13.2)

Bleeding, n (%) 0(0)

MAP: Mean Arterial Pressure

Table 5. Predictors of survival rate of AKI patients treated with SLED by Cox regression analysis

Variable Crude HR (95% CI) Adjusted HR (95% CI) P-value
Pre-SLED serum creatinine (mg/dl) 0.81(0.71,0.9) 0.82(0.71,0.94) 0.002
Pre-SLED serum albumin (mg/dl) 0.56 (0.39,0.82) 0.57 (0.4,0.81) 0.001
Pre-SLED serum potassium (mg/dl) 1.21 (0.96,1.53) 1.38 (1.1,1.73) 0.010
Pre-SLED SOFA 1.09 (1,1.19) 1.08 (0.99,1.17) 0.075
Number of SLED (times) 0.97 (0.93,1.02) 0.95 (0.91,1) 0.038

AKI: Acute Kidney Injury; SOFA: Sequential Organ Failure Assessment; HR: Hazard Ratio; SLED: Sustained Low Efficiency Dialysis

SLED treatment led to improved acidosis after
48 hours as small molecular toxins are eliminated
by diffusion.?***

There are only a few studies that have considered
the clinical and laboratory factors associated with
survival which included clinically relevant measures
of comorbidity, baseline serum creatinine, severity
of illness and haemodynamic data, as in our study.
There are some limitations to our study. Firstly,
the study was conducted in one hospital setting.
However, the patients were all from an ICU setting
in a tertiary care center, which provides the same
high level of care as other hospitals in Thailand,
Europe and the USA. Second, this was a retrospective
study, thus the duration of SLED depended on the
decision of the attending nephrologist. Third, some
severity data such as organ failure, AKI staging and
the length of stay in the ICU were missing.

In conclusion, our study found that SLED treatment
was useful for AKI patients, resulting in less
haemorrhagic and haemodynamic complications, and
almost half of patients surviving after 30 days. We

found that laboratory responses are beneficial to predict
a patient’s survival. The effects of SLED on survival and
benefit of predictors should be assessed in other settings
as the SLED procedures in other settings may vary.
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Abstract

Transmission of coronavirus disease 2019 (COVID-19)—caused by novel severe
acute respiratory syndrome coronavirus 2—through aerosolised saliva and respiratory
droplets is possible when aerosol-generating dental procedures are performed.
Consequently, dental practitioners are at increased risk of being infected when treating
COVID-19 patients. A comprehensive review of the current literature on precautions
when providing dental care during the COVID-19 pandemic is discussed and
recommendations for dental practitioners are made. Dental practitioners should
actively keep themselves abreast of the guidelines published by both national and
international authorities and adhere strictly to them.
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Keywords: Aerosol-generating procedures, Infection control, Infectious disease,
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by
novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and was first reported to the World
Health Organization (WHO) as pneumonia of unknown
aetiology in the Chinese city of Wuhan on 31 December
2019. Since then, COVID-19 has spread across the globe
and a pandemic was declared on 11 March 2020 by the
WHO.! COVID-19 is transmitted through respiratory
droplets and contact routes.” Respiratory droplets are
defined by the WHO as >5 pum in diameter and can be
either aerosols (<50 pm) or spatters (>50 um).> Although
airborne transmission by droplet nuclei (<5 um) has

not been ruled out, it is unlikely to be the main route
of transmission.**

Aerosol-generating procedures are routinely
performed in dentistry. Since SARS-CoV-2 has been
found in saliva,’ it is also possible that COVID-19 can
be transmitted by aerosolised saliva. The risk of
nosocomial transmission is considered high in a dental
setting. The WHO has recommended droplet and
contact precautions for healthcare workers who are
caring for COVID-19 patients.” This guideline included
additional precautions for airborne transmission in
clinical settings for aerosol-generating procedures.
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Past experience in respiratory infection pandemics
suggests that the dental profession can be overlooked
when new infections emerge.® Currently, there is also a
lack of guidance on precautions when providing dental
care during the COVID-19 pandemic. In this review, we
examine the literature on the subject and recommend
several precautionary measures that can be taken.

Transmission Routes in Dentistry

Contact transmission is one of the main modes of
transmission in COVID-19,? and it can occur through
fomites in the immediate environment or through
objects used by an infected person.” Environmental
contamination is shown to be possible even in infected
patients who showed mild symptoms.” SARS-CoV-2
can persist on surfaces from between a few hours to
several days, depending on the surface type, temperature
and humidity of the environment.*'® A laboratory
experiment that used droplet nuclei of SARS-CoV-2
(<5 pum) had demonstrated that viable viruses could
remain suspended in the air for up to 3 hours." On
plastic and stainless steel surfaces, the virus can
remain viable for up to 72 hours; on copper and
cardboard surfaces, it becomes non-viable after 4 and
24 hours, respectively.!!

Another established mode of transmission of
COVID-19 is through expelled respiratory droplets
(>5 um),> and they are classified as either aerosols
(<50 pum) or spatters (>50 pm).>!'>! Direct droplet
transmission occurs after the mucosae or conjunctivae
are exposed to respiratory droplets from an infected
patient in close proximity. Since the SARS-CoV-2
virus measures approximately 50-200 nm, aerosols
can contain large amounts of viruses.'* Aerosols can be
suspended in the air for up to 30 minutes before they
settle on surrounding surfaces or are inhaled into the
respiratory tract.!> Smaller aerosol particles that measure
5-10 pm have the potential to penetrate deeper into
the smaller lung passages and have the highest risk of
transmission.>'>1%!7 When they are ejected from the
oral cavity, splatter particles behave in a ballistic
manner and follow an arcing trajectory that is similar
to that of a bullet. These larger particles are only
suspended in the air for a brief interval.'®

Airborne transmission by droplet nuclei (<5 pum) is
a controversial issue since it has not been ruled out
by current evidence.* Droplet nuclei are either
formed from the evaporation of larger droplets or are
found in dust particles. They have the ability to remain
suspended in the air for longer periods and can be
transmitted over distances >1 m.>* Although it is
theoretically possible to generate droplet nuclei
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from aerosol-generating procedures, results from an
analysis of 75,465 COVID-19 cases in China did not
reveal airborne transmission.’

Contact, aerosols, spatters and airborne transmissions
are potential routes for infection in dentistry.'® Large
amounts of aerosols are produced when rotary air-
driven dental handpieces, ultrasonic scalers, air
polishers, air abrasion units and water jets are used in the
operatory.®!® Consequently, dental practitioners are at
increased risk of being infected during the COVID-19
pandemic. Additional measures must be put in place
to mitigate the risks of infection in dental setting.'®
The recommendations for dental practice during the
COVID-19 pandemic are summarised in Table 1.

Triage of Patients

Dental practitioners should be aware of emerging
infections and exercise heightened vigilance. They must
keep abreast of disease features, transmission modes
and incubation periods. The ability to identify a
suspected COVID-19 patient is crucial and it can
be performed at triage by using updated suspect
case definition. During the COVID-19 pandemic, all
patients should be screened for fever and current
health status, as well as any travel history and/or close
contact with confirmed COVID-19 cases.'® Patients who
present with symptoms of acute respiratory illness
should be isolated and referred to a medical physician
for treatment.

The median incubation period of COVID-19 is
4 days and the quarantine and monitoring period is
14 days.?*?! Accordingly, for patients with a history
of travel or close contact with COVID-19 cases,
elective dental treatment should be deferred for at
least 14 days from the date of return or last contact with
COVID-19 cases. The WHO has recommended the
use of a negative pressure room to treat suspected and
positive COVID-19 patients who require emergency
dental treatment.> Such facilities are typically located
in designated dental institutions that have been fitted
with the appropriate infrastructure and equipment to
manage these cases safely.

Standard Precautions

“Standard Precautions” were described by the
Centers for Disease Control and Prevention (CDC) in
the United States (US) in 1996% and pertain to contact
with blood, any type of body fluids, secretions and
excretions (excluding sweat) regardless of whether
they contain blood, non-intact skin and mucous
membranes. A secondary level of precautions,
“Transmission-Based Precautions”, were designed to
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Table 1. Recommendations for Dental Practice During COVID-19 Pandemic

Phase

Measures

Preprocedural

Improve knowledge related to COVID-19 and be aware of disease features, transmission modes and incubation period.

Triage of all patients using updated suspect case definition:

¢ Screen for fever, current health status, travel history and/or close contacts with confirmed COVID-19 cases. Defer treatment

for 14 days if needed.

¢ Refer patients with acute respiratory illness to a medical physician.

Dental practice management measures:

¢ Implement a staff health surveillance system.

¢ Staff training for donning of PPE and fit-testing of particulate respirators.

* Redeploy staff who are at risk.

* Reduce number of people in clinic.

¢ Adhere to guidelines published by the authorities.

Business continuity plans:

¢ Segregate staff into teams to minimise interactions.

¢ Establish a reliable form of communication with staff.

Procedural Observe Standard Precautions.
Practise proper hand hygiene.
Don appropriate PPE suitable for the procedure.

Reduce contamination of operatory:

* 0.23% povidone-iodine mouthwash as a preprocedural mouthwash.

* Dry field technique.

* High-volume excavator.

Only perform urgent/emergency dental treatment.

For dental treatment of suspect and confirmed COVID-19 cases, PPE should include gloves, long-sleeved gowns, eye protection
and fit-tested particulate respirators (N95 or equivalent, or higher level of protection). Treatment should be performed in a
negative pressure room and only essential staff are to be in the room.

Remove PPE and dispose it appropriately.

Postprocedural

Common areas and appliances are cleaned regularly.

Proper handling and disposal of biohazard waste.

Equipment and surface decontamination with suitable disinfectants such as sodium hypochlorite and alcohol solutions.

COVID-19: Coronavirus disease 2019; PPE: Personal protective equipment

reduce the risk of transmission of pathogens through
contact, droplets or airborne routes. The guidelines
were revised in 2003 and expanded in 2007 to include
isolation protocols that include more details on
Transmission-Based Precautions.?*>* Examples of
diseases that require Transmission-Based Precautions
include influenza A (HINT1), severe acute respiratory
syndrome coronavirus (SARS-CoV), tuberculosis and
varicella zoster.

Standard Precautions were reported to be adequate in
the prevention of transmission of infectious diseases—
such as influenza and rhinovirus—from dental aerosols.?
Samaranayake and Peiris reported that there were

no cases of dental health workers who were infected
during the SARS-CoV outbreak in 2003." Therefore, it
is postulated that the practice of Standard Precautions
by dental practitioners provides adequate protection
against COVID-19 transmission and obviates the spread
of COVID-19 in the dental setting.!®?* It is, however,
important to note that all available guidelines have
advised increased infection control measures in the
treatment of COVID-19 patients.!%>"?

Personal Protective Equipment

The use of personal protective equipment (PPE) is
an important part of Standard Precautions that includes
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caps, protective eyewear, face masks, face shields,
protective clothing and gloves. PPE protects the skin
and mucous membranes of healthcare workers
from exposure to or contact with infectious agents.
Additionally, PPE protects patients from any pathogens
that are found on health workers. Appropriate PPE
should be donned in accordance to the modes of
transmission of pathogens.?> During the SARS-CoV
outbreak in 2003, a large number of health workers
were infected by the virus after inadequate use of
PPE or improper donning of PPE was reported.!**3

Although airborne transmission of SARS-CoV-2 has
not been adequately proven, the WHO has recommended
healthcare workers who perform aerosol-generating
procedures on COVID-19 patients to use appropriate
PPE to prevent airborne transmission including gloves,
long-sleeved gowns, eye protection and fit-tested
particulate respirators (N95 or equivalent, or higher
level of protection).?” Some examples of aerosol-
generating medical procedures that were cited
included tracheal intubation, non-invasive ventilation,
tracheotomy, cardiopulmonary resuscitation, manual
ventilation before intubation and bronchoscopy.
Dental procedures were not mentioned in this guideline.
However, it can be extrapolated that under the WHO
guideline, dental practitioners should adhere to
increased infection control measures when treating
COVID-19 cases. It is also crucial that PPE is properly
removed and disposed of to prevent cross-contamination
after procedures.

Surgical Masks vs Fit-Tested Particulate Respirators

Surgical masks are effective against droplet
transmission and confer some protection against
contact transmission by limiting interaction between
the hands and face.? Thus, they are part of the standard
PPE worn routinely in dentistry where highly
transmissible infectious diseases are not commonly
encountered.'” However, surgical masks are considered
ineffective against airborne transmission.?? Instead,
fit-tested particulate respirators such as the N95
mask or its equivalent should be used.’'*? Currently,
the WHO has recommended routine use of fit-tested
particulate respirators when performing aerosol-
generating procedures on COVID-19 patients.?’

The efficacy of particulate respirators is contingent
on a good seal between the respirator and the face.
Consequently, particulate respirators should be
fitted properly and staff must be trained to don them
correctly.* Particulate respirators have 2 drawbacks:
the need for fit-testing and discomfort during usage.
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Fit-testing is a laborious task and comprises a
qualitative or quantitative fit test.’® Furthermore,
not every individual can be fitted with a particulate
respirator. Prolonged usage of respirators is also
uncomfortable due to difficulty in breathing and
tightness of fit.!%:3435

Several studies have compared the efficacy of
surgical masks and particulate respirators to prevent
infection by viral pathogens such as influenza
and SARS-CoV. While most studies did not find a
clear benefit for either surgical masks or particulate
respirators against such infections,*’ they also did
not specifically study the risks of aerosol-generating
procedures. Indeed, Loeb et al cautioned that the
results of their study should not be generalised to
aerosol-generating procedures where use of an N95
respirator would be prudent.®

Understandably, as COVID-19 is an emerging
disease, there is a paucity of scientific evidence
to support the efficacy of either surgical masks or
particulate respirators in healthcare services. In a recent
case report, 41 medical staff who treated a patient that
was later found to be positive for COVID-19 did not
contract the infection.* This was despite the fact that
aerosol-generating procedures were performed and
only 15% of the staff were wearing N95 respirators
while 85% of them wore surgical masks. The authors
suggested that with surgical masks and proper
precautions such as hand hygiene, the risk of infection
by COVID-19 might not be significantly higher
as compared to wearing an NO95 respirator. Dental
practitioners should also be reminded that surgical
masks and respirator use, although critical, are part of a
series of critical infection control measures.*

Hand Hygiene

Contact route is the most common mode of nosocomial
infection in health services and contaminated hands
are considered a significant culprit.’**' Hand hygiene
is a proven effective and critical measure to reduce the
risk of transmission of any infectious agents in the
healthcare sector.*>* Notably, it was postulated as
the single most important measure that prevented the
spread of SARS-CoV in 2003."

The WHO has recommended health workers to
practise 5 moments of hand hygiene by cleaning their
hands: 1) before touching a patient; 2) before clean/
aseptic procedures; 3) after body fluid exposure/risk;
4) after touching a patient; and 5) after touching patient
surroundings.*** Additionally, the WHO encouraged
health workers to practise hand hygiene before food
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preparation and eating and after using the restroom to
prevent COVID-19 transmission.*

Procedural Controls
Preprocedural Mouthwash

A preprocedural mouthwash can reduce the number
of viable bacteria in aerosols that are generated from
dental procedures, and the same effect is thought to
reduce viral load.*® The commonly used chlorhexidine
mouthwash is bactericidal, but it appears to be ineffective
against viruses.'*¥ Since SARS-CoV-2 is vulnerable
to oxidation, other solutions that contained oxidative
agents such as hydrogen peroxide or povidone-iodine
were suggested to be used instead.*’

The efficacy of povidone-iodine mouthwash against
respiratory tract viruses—including SARS-CoV and
Middle East respiratory syndrome coronavirus (MERS-
CoV)—has been studied.*’*® The in vitro study by Eggers
et al*® found that the use of 0.23% povidone-iodine
mouthwash for 15 seconds was sufficient to inactivate
SARS-CoV,MERS-CoV,HINI1 and rotavirus. Therefore,
0.23% povidone-iodine preprocedural mouthwash
is recommended to be used during the COVID-19
pandemic. It is especially useful in treatment
when a rubber dam cannot be used to reduce the amount
of aerosols.!*"

Dry Field Technique

During aerosol-generating dental procedures, rubber
dam usage can significantly reduce the amount of
aerosol and splatter around a 3-foot diameter of the
operational field by up to 70%.* However, the use of
rubber dam is not possible in certain procedures such as
scaling and polishing.'® It is important to note that even
with rubber dam isolation, dental practitioners should
also use a high-volume excavator to reduce further the
amount of aerosols generated.'”

High-Volume Excavator

High-volume excavators can reduce contamination
from the operative site by >90%.*'>% For the suction
system to be classified as a high-volume excavator,
it must be capable of excavating a large volume of air
within a short period. The high-volume excavator
typically used in dentistry has a large opening (usually
>8 mm) and is attached to a system that will remove
up to approximately 2.8 m? of air in 1 minute.'

Environmental Control

In the treatment of COVID-19 patients, the WHO
has recommended that they are treated in a room with

adequate ventilation. An example is a negative pressure
room that has a minimum of 12 air changes in 1 hour
or at least 160 L/s/patient in facilities that have natural
ventilation.”” Access to the room should be limited
to only essential personnel.

Postprocedural
Decontamination

Equipment and Surface

In their study, Ong et al found that surface
decontamination is effective in removing traces of
SARS-CoV-2 from an isolation room that housed
COVID-19 cases.’ As the virus can remain viable on
instruments and surfaces for a period of time, it is
important to perform thorough instrument and surface
decontamination to prevent nosocomial transmission.

The US Environmental Protection Agency has
published a list of suitable disinfectants for surface
decontamination against SARS-CoV-2.>' The list
includes sodium hypochlorite and alcohol solutions
that are readily available in dental clinics. Apart from
the dental chair, common areas and appliances that
are used within the operatory such as door handles,
chairs and desks—should also be cleaned regularly.'®

Biohazard Waste Management

SARS-CoV-2 waste is a biohazard since it can be
infectious. Staff who are involved in transporting such
waste must be aware of the possible health and safety
hazards posed when doing s0.5>%* Therefore, they must
be given proper training on appropriate handling and
disposal methods.

Dental Practice Management Measures

Dental practice management measures may need
to be implemented to reduce the risk of COVID-19
transmission in staff and patients. Staff must be trained
on proper donning and doffing of PPE and fit-testing of
particulate respirators should be done on them. Special
consideration should be made to redeploy staff who
are older, immunocompromised or have existing
comorbidities to work in positions that requires less
patient contact.”® Dental clinic managers can also
establish a staff health surveillance system to monitor
and manage staff who fall ill.>* The number of
individuals in the clinic should be reduced, including
limiting the number of those who accompany a patient
to just 1. Similar measures have also been put in place
in Malaysia.!”

At the peak of the COVID-19 outbreak in Mainland
China, dental practice management measures included
postponement of all elective dental procedures until
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the outbreak is contained and only urgent or emergency
treatments were allowed.!® Similar measures were
announced by the American Dental Association on
1 April 2020;% in Singapore, they were implemented on
7 April 2020.°%°7 In Singapore, urgent dental treatment
refers to management of conditions that require
immediate attention to relieve severe pain and/or risk
of infection. On the other hand, emergency dental
treatment refers to management of conditions that are
potentially life-threatening and require immediate
treatment to stop ongoing tissue bleeding, alleviate
severe pain or infection. Dental practitioners should
keep themselves abreast of the latest guidelines
published by both national and international authorities
and adhere strictly to them.

Business Continuity Plans

Business continuity plans should be implemented
to minimise disruption to dental clinic services. A
team-based practice that segregates staff into teams to
minimise contact with each other will help prevent
COVID-19 transmission in dental practice. Staff can
undergo cross-training in order to ensure that essential
tasks can still be performed. The establishment of
a reliable channel of communication amongst the
staff can also facilitate timely updates and sharing
of information.**

Limitation

The main limitation of this review was the paucity
of evidence on COVID-19. An attempt was made to
include the latest information on COVID-19 as much
as possible, but references to studies on SARS-CoV
and influenza outbreaks had to be made. Research is
ongoing and new information will be published in the
future. As such, best practices and recommendations
for dental practitioners during the COVID-19 pandemic
may change.

Conclusion

A comprehensive review of the current literature
on precautions when providing dental care during
the COVID-19 pandemic was discussed and
recommendations for dental practitioners were made.
Dental practitioners need to stay abreast of the latest
guidelines that are released by local and international
authorities and comply with them.
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Introduction

Abstract

Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH) is a
known sequela after acute pulmonary embolism (PE). It is a debilitating disease,
and potentially fatal if left untreated. This review provides a clinically relevant
overview of the disease and discusses the usefulness and limitations of the various
investigational and treatment options. Methods: A PubMed search on articles
relevant to pulmonary embolism, pulmonary hypertension, chronic thromboembolic
pulmonary hypertension, pulmonary endarterectomy, and balloon pulmonary
angioplasty were performed. A total of 68 articles were found to be relevant and
were reviewed. Results: CTEPH occurs as a result of non-resolution of thrombotic
material, with subsequent fibrosis and scarring of the pulmonary arteries. Risk
factors have been identified, but the underlying mechanisms have yet to be fully
elucidated. The cardinal symptom of CTEPH is dyspnoea on exertion, but the
diagnosis is often challenging due to lack of awareness. The ventilation/perfusion
scan is recommended for screening for CTEPH, with other modalities (eg. dual
energy computed tomography pulmonary angiography) also being utilised in expert
centres. Conventional pulmonary angiography with right heart catherisation is
important in the final diagnosis of CTEPH. Conclusion: Operability assessment by
a multidisciplinary team is crucial for the management of CTEPH, as pulmonary
endarterectomy (PEA) remains the guideline recommended treatment and has
the best chance of cure. For inoperable patients or those with residual disease
post-PEA, medical therapy or balloon pulmonary angioplasty are potential
treatment options.

Keywords: Balloon pulmonary angioplasty, Chronic thromboembolic pulmonary
hypertension, Pulmonary embolism, Pulmonary endarterectomy, Pulmonary
hypertension

Epidemiology

uah, 'umsss,

Chronic thromboembolic pulmonary hypertension
(CTEPH) is a form of pre-capillary pulmonary
hypertension and is classified under group 4 of
pulmonary hypertension (PH).! While CTEPH
portends significant mortality and morbidity, it is
often under-recognised and under-diagnosed.? In this
review, a pertinent overview of the topic is provided
and the usefulness and limitations of the various
investigational and treatment options are covered.

The incidence of venous thromboembolic disease
(VTE) varies in different populations. In Asian countries
like Singapore, the population-based incidence of VTE
and pulmonary embolism (PE) was noted to be 57 and
15 per 100,000 respectively, compared to more than
100 per 10,000 in Caucasians.* CTEPH is a known
complication after acute PE and this may account for
the different incidences in different countries. In the
USA and Europe, the crude annual incidence of
CTEPH was 3 to 5 cases per 100,000 population, while
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in Japan the incidence was noted to be 1.9 cases per
100,000 population.* Among survivors of acute PE,
between 0.4-6.2% will develop CTEPH by invasive
haemodynamic definition."* A significant proportion of
patients diagnosed with CTEPH have no known history
of PE. Historical retrospective data reported as high
as 40-60% of CTEPH subjects having no prior history
of VTE.® A recent prospective international registry
reported 25.2% and 43.9% of CTEPH patients
without prior PE or VTE respectively.” This may partly
be a result of under diagnosis of VTE. In an old autopsy
study of over 100 patients who passed away from
PE, the diagnosis was only discovered at autopsy in
77.1%,> with the deaths initially attributed to ischemic
heart disease.

Pathophysiology

CTEPH is defined as symptomatic PH due to
incomplete or non-resolution of PE despite
anticoagulation. The pathogenesis is mutifactorial,
including inflammation and infection, biological
and genetic factors, fibrinogen and fibrinolytic
abnormalities, platelet dysfunction and impaired
angiogenesis.® These lead to the reorganisation of
thrombi into collagen deposits, which become
incorporated into the vessel wall and become
endothelialised, impeding blood flow and increased
pulmonary vascular resistance (PVR). In addition,
small vessel disease may also play a role in the genesis
of PH. This occurs when the pulmonary flow is
redistributed into non-obstructed pulmonary arteries,
causing high pressure and shear stress which results
in endothelial dysfunction.® Altered mutations in
bone morphogenetic protein receptor type II
(BMPR2) and the transcription factor, Forkhead box
class O transcription factor 1 (FoxOl), have also
been implicated in the process of abnormal
vascular remodelling.’

Risk Stratification

Predicting CTEPH after pulmonary embolism
is challenging. Universal screening of all post PE
patients with echocardiogram has not proven to be
cost-effective and remains controversial.'"® Some risk
factors which predispose patients to CTEPH have been
identified: 1) Related to the acute PE event: younger
age, larger perfusion defects, unprovoked PE, PH at
presentation (right ventricular (RV) systolic pressure
above 50 mmHg);" 2) Autoimmune or haematological
disorders: lupus anticoagulant, antiphospholipid
syndrome, non-O blood group; 3) Associated medical
conditions: cancer, ventriculoatrial shunts, infected
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pacemaker leads, splenectomy, chronic inflammatory
disorders and hypothyroid.'*!* Klock et al. studied
772 consecutive patients with acute PE and CTEPH
was confirmed in 22 patients (2.8%) on follow-up.
Four significant risk factors: unprovoked PE, known
hypothyroidism, symptom onset >2 weeks before
PE diagnosis and RV dysfunction on computed
tomography (CT)/echocardiography and 2 protective
factors- diabetes mellitus and thrombolytic therapy/
embolectomy were identified. A “CTEPH prediction
score” was developed based on the 6 variables, yielding
an area under the receiver operating characteristic
curve (AUC) of 0.89 in predicting PE patients with
a high risk of CTEPH diagnosis after PE.!

Symptoms and Outcomes

The primary symptoms of CTEPH include dyspnoea
(99.1%), edema (40.5%), fatigue (31.5%), chest pain
(15.3%) and/or syncope (13.7%).” However, these
symptoms are often non-specific. Hence, together
with the lack of awareness of this disease entity, the
diagnosis is frequently missed. It has been reported
that average delay from the embolic event to symptom
onset was about 18 months'® and at diagnosis, the
majority of patients were in New York Heart
Association (NYHA) functional class III or IV.” If
untreated, historically, the 3-year survival was 30%
and 5-year survival of 10% in those with a mean
pulmonary artery pressure (mPAP) >30 mmHg;'
and 2-year survival was only 20% in those with
mPAP >50 mm Hg."”

Methods
Definition

CTEPH is categorised as Group 4 in the classification
of PH. The diagnosis of CTEPH is based on the
following criteria:'®

* Pre-capillary PH (combination of mPAP >25 mmHg,
pulmonary arterial wedge pressure <15 mmHg and
pulmonary vascular resistance (PVR) >3 Wood Units.
at rest and

* Mismatch on ventilation/perfusion (V/Q) scintigraphy
(usually V/Q single-photon emission computed
tomography [SPECT]) with at least one large perfusion
defect in one segment or in two subsegments, or
evidence of pulmonary vascular lesions on computed
tomography (CT) and/or magnetic resonance imaging
(MRI) or pulmonary angiography.

* These findings should be obtained after at least 3
months of effective anticoagulation.
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Chronic thromboembolic disease (CTED) is a similar
entity to CTEPH, but without PH at rest (mean PAP <25
mmHg)." Currently a new threshold for PH (mean PAP
(mPAP) >20 mmHg, and PVR >3 Wood units) has been
proposed to diagnose pulmonary hypertension.?’ The
impact on the diagnosis of CTEPH and CTED has not
yet been established.

Investigational Modalities

Due to the non-specific nature of symptoms and the
heterogenicity of the aetiologies, diagnosing CTEPH
has been challenging. The varying availability of the
different investigations as well as the ability to interpret
these investigations across different centres add to
this challenge. In the following section, the utility and
limitations of these investigations are discussed.

Echocardiography

Echocardiography serves as a first-line screening
tool. Although it is not specific for the diagnosis of
CTEPH, it enables indirect assessment of PA pressure
and permits exclusion of intracardiac shunt or left heart
disease as a cause for PH. Patients with intermediate to
high echocardiographic probability of PH will be further
evaluated to exclude CTEPH.?! This is determined by a
tricuspid regurgitant (TR) velocity of more than or equal
to 2.8 m/s, or, if the TR velocity is less than 2.8 m/s or
unmeasurable, with additional features of pulmonary
hypertension, which comprises abnormalities in two
out of the three categories: 1) abnormal right ventricle
(dilated right ventricular size, or left-shifting of the
interventricular septum); 2) abnormal pulmonary artery
(shortened acceleration time of the systolic flow in
right ventricular outflow tract, increased early diastolic
pulmonary regurgitant velocity, or dilated pulmonary
artery); 3) abnormal inferior vena cava or right atrium
(dilated and plethoric inferior vena cava, or enlarged
right atrial area) (Figure la).!

A clinical screening protocol has been established at
the authors’ institution to identify patients with CTEPH
post-PE. In summary, a follow-up echocardiogram is
recommended in all acute PE patients with high risk
features defined as any one of the following a) acute
massive PE (Systolic BP <90 mm Hg for at least 15
minutes or requiring inotropic support, not due to other
causes), b) acute PE with RV dysfunction, or echo
features of pulmonary hypertension and c) acute
PE with CTEPH clinical prediction score >6.'* In
patients without high risk features but continue to be
symptomatic at follow-up, an echocardiogram is
also recommended. The follow-up echocardiogram

is recommended to be performed after at least 3
months of anticoagulation. If there is intermediate
to high echocardiographic probability of pulmonary
hypertension, these patient will be referred to pulmonary
hypertension clinic. If the clinical suspicion is high
and the echocardiogram does not show pulmonary
hypertension, a dual energy computed tomography
pulmonary angiogram (discussed below) to
exclude recurrent acute PE or symptomatic chronic
thromboembolic disease (CTED) without PH
is considered.

Ventilation/Perfusion (V/Q) Scan

The V/Q scan is the gold standard screening modality
for the exclusion of CTEPH in patients with PH.2!: 22
Despite this, the V/Q scan is underutilised, with registry
data showing only 57% of patients with a diagnosis
of pulmonary arterial hypertension (PAH) having had
a V/Q scan done leading up to their diagnosis. This
could potentially lead to misdiagnosis of CTEPH cases
as PAH.%2 A normal V/Q scan rules out CTEPH with a
sensitivity of 90-100% and a specificity of 94 100%.%
In addition, V/Q scan interpretation requires less
additional training beyond what is standard of care.
In contrast, inexperienced CT readers might miss
distal segmental or subsegmental disease; misinterpret
pulmonary artery sarcoma,” or misdiagnose proximal
lining thrombi associated with PAH.?

CTEPH features on V/Q scans include one or more
segmental or larger mismatched perfusion defects
(Figures 1b, 1c). Other causes of PH (e.g., PAH and
pulmonary veno-occlusive disease) generally present
with normal scans or unmatched/non-segmental
perfusion abnormalities (i.e., “mottled” perfusion scans)
secondary to diffuse narrowing of small vessels.?”-*
However, false interpretation of matched V/Q defects
can happen in areas that reflect compensatory
hypoventilation from chronic lung hypoperfusion.
Another pitfall of planar V/Q is “shine-though”,
which occurs when normally perfused areas overlap
hypoperfused areas, resulting in underestimation of the
presence and extent of PE.?** The latter can be improved
using SPECT V/Q scanner.?'*?

Computed Tomography Pulmonary Angiogram (CTPA)

Despite V/Q scan being a good screening tool, its
non-specificity limits its use in the definitive diagnosis
of CTEPH. Pathologies such as PA sarcoma, fibrosing
mediastinitis, vasculitis and extrinsic compression
of pulmonary vasculature may also produce large
segmental perfusion defects that cannot be
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differentiated from CTEPH on V/Q scan. Hence,
any abnormal perfusion scan requires additional
diagnostic imaging to allow determination of
the magnitude, location and extent of disease.®
Recent evidence suggests high sensitivity and
specificity of CTPA for detecting CTED at the main/
lobar (89-100% and 95-100% respectively) and
segmental (84-100% and 92-99% respectively)
levels.’* Nevertheless, a negative CTPA does not
definitively exclude CTEPH, especially in diseases
confined to distal subsegmental level which CTPA
may have difficulty in detecting.

Typical CT features of CTEPH includes stenosis with
ring-, web- or slit-like filling defects, tapered vessels,
or complete absence of the vessel branches (Figure
1d). Besides these, CTPA can detect CTED-associated
findings such as mosaic perfusion pattern and

Review of CTEPH Management—Wen Ruan etal 323

bronchial artery collaterals, and lung infarcts. It may
also serve as screening for underlying mediastinal
disease or parenchymal lung disease.®

Dual-Energy Computed Tomography Pulmonary
Angiogram (DECTPA)

DECTPA is a newer technology which measures the
contrast uptake in the parenchyma as an expression
of perfusion (this resembles a V/Q scan perfusion
abnormality) in addition to the normal CT findings
(Fig. le). However, careful interpretation is required.
Firstly, although a mosaic perfusion pattern is common
in CTEPH, it can also be observed in up to 12% of
patients with PAH. Secondly, underlying lung
parenchyma disease, such as bullous emphysema
can lead to pseudo-defects.’® Thirdly, unlike
99mTc-macroaggregated albumin in V/Q scan,

Fig. 1. (a) Echocardiogram demonstrating grossly dilated right heart chambers suggestive of pulmonary hypertension (RV/LV ratio >1); (b) Ventilation
portion of V/Q scan showing normal ventilation of both lungs (c) Perfusion portion of the V/Q scan showing wedge-shaped perfusion defects at
peripheral lung fields; (d) Conventional CTPA; (e) Dual energy CTPA; (f) Invasive pulmonary angiogram. These images are from an elderly female
patient who was diagnosed with CTEPH. Multifocal perfusion defects in both lungs (R>L) are demonstrated on both the V/Q scan and DECTPA
(white stars). These perfusion defects correspond to the attenuated and occluded pulmonary arteries (white arrows) on the CTPA. Proximal dilatation
and abrupt truncation (hollow arrow) of the distal portion of the right upper lobe branches was noted on both CT and invasive pulmonary angiogram.
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iodine is capable of entering collateral vessels. Hence,
perfusion defects can be missed (i.e. false negative)
in areas of lung distal to affected vessel due to
collateralisation or sub-occlusive thrombi.’” Despite
these limitations, the sensitivity and specificity of
DECTPA in diagnosis of CTEPH were reported as
96—-100% and 76-92% respectively.’®* In cases with
severe lung parenchymal disease, poor blood flow
to the scarred areas may lead to artefactual filling
defects on conventional CTPA, and hence false
positive results. DECTPA is a potentially useful tool
that incorporates both anatomical and functional
abnormalities, allowing for the differentiation of true
versus false filling defects. Its role in the diagnosis of
CTEPH is currently evolving.

Magnetic Resonance Pulmonary Angiogram (MRPA)

MRPA allows for not only the anatomical assessment
of the PA circulation with no radiation exposure,
but also the evaluation of pulmonary perfusion and
haemodynamics.* The diagnostic performance of
MRPA for CTEPH diagnosis is still inferior to
CTPA.2341 Ley et al.** compared CTPA, MRPA, and
digital subtraction angiography (DSA), showing the
sensitivity and specificity of MRPA for diagnosing
disease at the main/lobar level to be 83.1% and
98.6%, and at the segmental level 87.7% and 98.1%,
respectively. Subsegmental arteries were demonstrated
in only 75% of cases, compared with 87% by DSA.
Usage of MRPA is highly dependent on local practice
and is not yet integrated in the guidelines. A longer scan
time and the association with nephrogenic systemic
fibrosis in renally impaired subjects are some of the
disadvantages of this method.

Catheter-based Pulmonary Angiogram

Catheter based pulmonary angiography while
invasive has a generally low complication rate. It
has the advantage of being able to combine imaging
with haemodynamic assessment via right heart
catheterisation, and accurately localise or “map out”
lesions in the determination of surgical accessibility.* In
addition, assessment of central and subpleural capillary
perfusion score is possible. Poor subpleural perfusion
in the context of PH is associated with distal vessel
angiopathy or other primary lung disease. This is
associated with a higher surgical risk.*

A disadvantage is the higher contrast load needed
compared to a conventional CTPA. This can be
improved by using cardiac output tailored minimal

contrast exposure, or rotational pulmonary angiogram.
It is not used as a routine screening tool for patients
under investigation for PH, but as one of the final
step to determine CTEPH operability. This requires
relevant experience. Typical signs of CTEPH (Figure
1f) include bands, intimal irregularities, pouch defects,
abrupt vascular narrowing, and complete obstruction
of pulmonary arteries.* A classification system based
on the lesion opacity and the blood flow distal to it has
been described—Type A: ring-like stenosis, Type B: web
lesion, Type C: subtotal lesions, Type D: total occlusion,
and Type E: tortuous lesion.* These has implications on
the success of balloon angioplasty (see below).

Cardiopulmonary Exercise Testing (CPET)

Exertional dyspnoea can be multifactorial in origin.
CTEPH may be difficult to diagnose especially when
there is chronic pulmonary vascular obstruction but
normal PA haemodynamics at rest. CPET as an indirect
marker of cardiopulmonary function is a promising
additional tool to assess patients in this special
category.** Firstly, it helps exclude other causes of
dyspnea such as ventilatory limitation from lung or
musculoskeletal disease or deconditioning. Secondly,
it is able to demonstrate symptom and cardiovascular
limitation on exercise in a patient with otherwise
normal resting haemodynamics. Typical findings
of CTED/CTEPH show evidence of ineffective
ventilation caused by elevated alveolar-capillary
gradients of oxygen and carbon dioxide: (a) elevated
slope of minute ventilation (V'E) / carbon dioxide
output (V'CO2) ratio showing hyperventilation;
(b) elevated ventilator equivalents for oxygen and
carbon dioxide showing ineffective ventilation;
(¢) low and decreasing end-tidal carbon dioxide
tension (PETCO?2), elevated alveolar-arterial oxygen
tension gradient (PA-a02) and elevated arterial
end-tidal carbon dioxide gradient (Pa-ETCO2).¥

Understanding the limitations of each type of
imaging and having the ability to perform and interpret
different modalities of imaging is crucial at a tertiary
PH centre. Figure 2 shows a case of a young female
with history of systemic sclerosis and interstitial
lung disease involving bilateral lower lobes. The
conventional CTPA demonstrated a linear filling
defect within the lumen of the right lower lobe
pulmonary artery, suspicious of chronic
thromboembolic disease (Figure 2a). However, the
perfusion of the right lower lobe was normal in both
the VQ scan (Figure 2b) and the DECTPA iodine
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Fig. 2. (a) Conventional CTPA; (b) VQ scan; and (c) DECTPA. These are images from a young female with history of systemic sclerosis and interstitial lung
disease involving bilateral lower lobes. The conventional CTPA demonstrated a linear filling defects within the lumen of the right lower lobe pulmonary artery
(white arrow), suspicious of chronic thromboembolic disease. However, the perfusion of the right lower lobe was normal in both VQ scan (black arrow) and
DECTPA iodine perfusion map (white arrow). The filling defect was also not present on the repeat DECTPA. The initial linear filling defect on conventional

CTPA was likely a result of artefacts from poor flow to the scarred lung.

perfusion map (Figure 2c¢). The initial linear filling
defect on conventional CTPA was likely a result of
artefacts from poor flow to the scarred lung. Figure
3 shows a case of middle-aged male presented with
dyspnoea on exertion whose lung perfusion on the
initial VQ scan was normal. Due to previous history
of PE and high clinical suspicion, a CTPA was
performed which showed extensive chronic
thromboembolic diseases at multiple pulmonary
artery segments. This was in keeping with a subsequent
DECTPA which demonstrated patchy perfusion
defects corresponding to the areas supplied by
these narrowed or occluded arteries. These cases
highlight the importance of multimodality imaging to
avoid misdiagnosis.

Management

Pulmonary endarterectomy (PEA) is considered
the treatment of choice and affords potential cure.*®
In inoperable patients or those with residual disease
post-PEA, medical therapy remains an option. In recent
times, balloon pulmonary angioplasty (BPA) has emerged
as a potential treatment modality for such patients in
experienced centres.*-51:21:52

Pulmonary Endarterectomy (PEA)

The primary treatment for patients with CTEPH is
surgical PEA, which is regarded as a curative treatment
of choice (Figure 4a). Operability assessment by a
multidisciplinary team is crucial for the management
in all CTEPH patients. In general, at least moderate
disease burden with a distribution at lobar and
proximal segmental level is better suited for PEA.
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Besides technical considerations, surgical risk based
on invasive haemodynamics, other comorbidities,
as well as the experience level of the PEA surgeon
and supporting CTEPH team, plays an important role
in the decision making for the suitability for PEA.

The standard surgical technique for PEA was
established by the group from San Diego.?®* Deep
hypothermic circulatory arrest is necessary to provide
a clear operating field to enable a complete
endarterectomy with dissection into subsegmental
branches. This technique has proven safe and
reproducible and is used at most centres performing
PEA surgery. Successful PEA in suitable patients
can lead to significantly improved symptoms and
functional status, haemodynamics (mPAP reduction
by about 65%), remodelling of the PAs, improvement
of RV function, quality of life and survival.® The
international registry of incident cases of CTEPH
reported 3-year survival of 90% in those operated
compared to 70% in those who were not. Residual PH
with PVR >5.3 Woods correlated with worse survival.
Survival rates of >90% at 1 year, >80% at 5 years, and
>70% at 6-10 years have been reported.**

Common risks of surgery include bleeding,
reperfusion pulmonary edema, wound infection, and
arrhythmias. Severe cases of reperfusion lung injury
can be quite challenging to manage. For reperfusion
lung injury with severe hypoxemia, veno-venous
extracorporeal membrane oxygenation (ECMO)
support may be instituted to maintain arterial
oxygenation and to prevent further lung injury by
allowing for the use of protective ventilatory settings.>
In cases with haemodynamic instability, veno-arterial
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Fig. 3. (a) VQ scan; (b) conventional CTPA; (c) DECTPA. These are images from a middle-aged male who presented with dyspnoea on exertion. The
perfusion on the initial VQ scan was normal. The diagnosis of CTEPH was subsequently confirmed by CTPA and DECTPA. 3b shows on CTPA chronic
emboli with linear band-like appearance (white arrow) at the bifurcation of right lower lobar pulmonary artery. 3¢ demonstrates on DECTPA patchy areas
of reduced perfusion in basal segments of the right lower lobe (white stars) corresponding to the obstructed blood flow.

ECMO is necessary to support patient. Blood is
diverted away from the heart and lungs, allowing
reduction in PA pressure and offloading of the RV.
At the same time, the ECMO circuit provides cardiac
output and gas exchange. Average support duration is
a median of 5 days in most series, and reported survival
is up to 57% in those requiring ECMO support.>

The patient can also develop subdural haematoma,
renal and heart failure, as well as residual PH.3” Other
complications include that of perforation of the PA,
stroke, and death. The in-hospital mortality rate
ranges from as low as <3.5% in specialised
high-volume centres (n >50 PEAs/year), to 4.7% in
medium volume (11-50 PEAs per year) and 7.4% in
low volumes centres (<11 PEAs per year).*®

Balloon Pulmonary Angiogram (BPA)

BPA involves the wiring of target lesions and the
use of small size balloons at low pressures to expand
these lesions (Figure 4b—d). Generally, BPA is more
appropriate for diseases distributed at the distal
segmental and subsegmental levels.”® The types of
lesions usually tackled by BPA include webs and
stenosis. Sub-total or total occlusions should
not be attempted by the inexperienced operator.
In the recent few years, numerous studies have
emerged in the use of BPA to treat CTEPH that is
inoperable. 5192599 There were significant
improvements in the reported haemodynamic results
(reduction of PVR and improvement of cardiac
output) as well as improvements in the 6-min walk
distance (6MWD) and NYHA/WHO functional class,

almost equivalent to the results from PEAs by experienced
centres.*’ This technique carries risks of complications
including periprocedural mortality ranging from
0 to 10%," vessel rupture (0 to 7%), and reperfusion
lung injury. Reperfusion lung injuries range from
desaturations, haemoptysis and infiltrations to more
severe events like acute respiratory distress syndrome
requiring ECMO support. In experienced hands,
BPA has emerged as a promising treatment for
inoperable CTEPH and those with residual disease
after PEA with recent publications showing lower
complication rates than initial publications.??

Medical Therapy

The International CTEPH registry reported that
about 40% of the patients were considered inoperable
due to concern for inaccessible distal vascular
obstruction, PH out of proportion to morphological
lesions and significant comorbidities; around 20%
of the patients had residual PH post-PEA.” It is plausible
to use PAH-targeted therapy in CTEPH cases, as
they share many similar histopathological features.®! "%

Before the publication of several important
randomised controlled trials, PAH-targeted therapies
were widely used “off label” in the treatment of
CTEPH. In the BENEFiIiT (Bosentan Effects in
iNopErable Forms of chronlc Thromboembolic
pulmonary hypertension) trial, Bosetan, an oral dual
endothelin receptor antagonist, was given to patients
with either inoperable CTEPH or persistent/recurrent
pulmonary hypertension after PEA (>6 months after
PEA). This study demonstrated a positive treatment
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Fig. 4. (a) Resected tissue from pulmonary endarterectomy surgery (PEA); (b) Subtotally occluded right middle lobe segmental pulmonary artery
(black triangles); (¢) Balloon pulmonary angioplasty of the segment (d) Restored flow post balloon dilatation.

effect of Bosentan on haemodynamics (reduction
of PVR by 24% and improvement of cardiac index
by 0.3 L/min) in this patient population. However,
no improvement was observed in exercise capacity
after 16 weeks of treatment.® Subsequently, in the
CHEST-1 (Riociguat for the treatment of chronic
thromboembolic pulmonary hypertension ) trial,
Riociguat, a direct soluble guanylate cyclase
stimulator, achieved clinically meaningful primary
endpoints including an improved WHO functional
class, improved 6MWD by an average 46 m, reduction
in plasma brain natriuretic peptide levels, and
reduction in PVR by 31% after 16-weeks of
treatment.®> This improvement persisted at 1 year.
More recently, the MERIT- 1 (Macitentan for the
treatment of inoperable chronic thromboembolic
pulmonary hypertension) trial provided evidence of
using macitentan, a endothelin receptor antagonist,
in the treatment of CTEPH. CTEPH patients treated
with macitentan had a significant reduction in
PVR by 16%, as well as improvements in functional
class and 6MWD. This study provided some
evidence for using combination therapy as 51%
of the recruited patient were already treated with
baseline phosphodiesterase type 5 inhibitors and/or
oral/inhaled prostanoids at inclusion.®® There are
several ongoing clinical trials that will shed further
important knowledge on the medical management
of CTEPH. The SELECT trial (Study to Find Out
if Selexipag is Effective and Safe in Patients With
Chronic Thromboembolic Pulmonary Hypertension

May 2020, Vol. 49 No. 5

When the Disease is Inoperable or Persistent/Recurrent
After Surgery) aims to evaluate the efficacy of
Selexipag, a prostacyclin receptor agonist, in treating
inoperable CTEPH or persistent/recurrent PH
after PEA, while the SOPHA trial (The Effect of
Oxygen Therapy on 6MWD in PAH and CTEPH
Patients With Hypoxemia) aims to study the effect
of long term oxygen therapy in CTEPH and PAH
patients with oxygen deficiency (See Table 1).%

Another important aspect of medical therapy is the
pre-treatment of patient as a bridging therapy to PEA.
Retrospective data from a single centre suggested that
pre-treating patients with PAH-targeted therapy had no
impact on surgical outcomes but was associated with
a delay in referral for surgical evaluation.®” Efforts are
currently underway to prospectively study the impact
of “bridging therapy” or pre-treating patients with PAH
therapies before PEA (PEA Bridging Study).®

Conclusions

CTEPH is a debilitating disease with significant
morbidity and mortality. It is often under-recognised
with resultant delays in treatment. Understanding
the utility and limitations of the different imaging
modalities is crucial. There are effective treatment
options available. PEA is a complex surgery that
requires both good surgical technique as well as a
comprehensive multi-disciplinary team care approach.
In CTEPH patients who are ineligible for PEA and
in those with residual disease post-PEA, medical
therapy and BPA remain potential alternatives.
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Letter to the Editor

Factors that Predict Delayed Neurological Sequelae of Carbon Monoxide
Poisoning from a 10-Year Clinico-Radiological Review

Dear Editor,

Carbon monoxide (CO) is a highly toxic gas that is
formed from incomplete combustion of hydrocarbon
compounds. Worldwide, CO poisoning has gained
widespread recognition as an important public health
problem that presents with deleterious effects in the
acute and delayed phases.!> While acute complications
of CO poisoning are clinically evident, delayed
neurological sequelae (DNS) has a broad spectrum of
presentations that can mimic other medical conditions.?
Greater awareness amongst physicians of delayed
sequelae and the features that predict them may
justify appropriate initiation of potential treatment
such as hyperbaric oxygen therapy (HBOT). Better
recognition of DNS during recovery can minimise
unnecessary investigations.

In this study, we described the epidemiology of
CO poisoning in Singapore and analysed the clinical
and radiological features of patients in the acute and
delayed stages. Additionally, we identified features that
predict DNS.

Materials and Methods

A retrospective review of patients who were treated
for acute CO poisoning between 2005-15 in the
National Neuroscience Institute—a tertiary neuroscience
centre in Singapore—was performed. Patients were
identified from hospital records according to the
diagnosis codes found in the International Statistical
Classification of Diseases and Related Health
Problems, 10" revision and contained the terms “carbon
monoxide poisoning” and “toxic encephalopathy”.?
Their demographic, clinical (including information
on CO exposure), biochemical (carboxyhaemoglobin
level, creatine kinase and white blood cell count),
radiological and outcome data were collected. Inclusion
criteria included a history of witnessed or suspected
exposure to sources of CO and elevated serum
carboxyhaemoglobin (>3% in non-smokers and >10% in
smokers) at presentation. The study was approved by the
Institutional Review Board.
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All neuroimaging findings were reviewed by
an experienced neuroradiologist and detailed
neuroanatomical abnormalities were recorded.
Magnetic resonance imaging (MRI) studies comprised
at least T2 weighted (T2W), diffusion-weighted and
gradient echo (GRE) sequences of the whole brain
in all patients. In some patients, fluid-attenuated
inversion recovery (FLAIR) and T1-weighted (T1W)
images were also available. Abnormal signal
(hyperintensity) on T2W/FLAIR sequences, haemorrhage
(susceptibility on GRE and/or T1W hyperintensity)
and restricted diffusion (hyperintensity on diffusion-
weighted images with corresponding low signal on
apparent diffusion coefficient map) were documented.
MRI studies were classified as “early” when they were
performed <7 days after presentation, and “late” when
they were completed after >7 days. DNS was defined as
any new neurological, cognitive or affective disorder that
developed after an asymptomatic period of any duration
following recovery from acute CO poisoning.**

Statistical analyses were performed using SPSS
Statistics for Windows, Version 23 (IBM Corp., Armonk,
NY, USA). All variables were summarised with the
use of descriptive statistics. Chi-square and Fisher’s
Exact tests were used to assess associations between
categorical variables of interest (clinical symptoms and
investigations) and DNS development. Multiple logistic
regression was used on predictors that were deemed
significant in univariate analysis. A value of P <0.05 was
considered statistically significant.

Results

The baseline characteristics of 45 patients included
in the study are summarised in Table 1. Their median
age was 38 years (range 19-85 years) and there were
more male (n = 29, 64.4%) patients. Most of the cases
(n =35, 77.8%) resulted from non-accidental poisoning.

In 21 (46.7%) patients, loss of consciousness was
the most common presenting symptom. Five (11.1%)
patients experienced memory difficulties and 1 (2.2%)
each had hypotension and seizures. Concomitant
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Table 1. Clinical Characteristics of Patients with CO Poisoning

Variable N=45

Age in years

Mean (SD) 40 (14.2)

Median (range) 38 (19 - 85)
Male gender (%) 29 (64.4)
Medical history (%)

Psychological disorder 21 (46.7)

Depression 16 (35.6)

Previous self-harm/suicide attempt 5(11.1)
Clinical manifestations (%)

Memory difficulties 5(11.1)

Loss of consciousness 21 (46.7)
Glasgow Coma Scale (n =43)

Mean (SD) 12.8 (3.7)

Median (range) 15(3-15)

<15 (%) 16 (37.2)

<9 (%) 7(16.3)
Seizure (%) 12.2)
Hypotension (%) 1(2.2)
Non-accidental poisoning (%) 35(77.8)

Concomitant BZD use 8(17.8)

Concomitant alcohol use 5(11.1)

Concomitant BZD and/or alcohol use 12 (26.7)
Laboratory results

Carboxyhaemoglobin (n = 43)

Mean (SD) 19.3 (14.8)
>15% (%) 22(51.2)

Creatine kinase (n = 26)

Mean (SD) 391.6 (551.7)
>250 IU/L (%) 9 (34.6)
White blood cell count, mean (SD) 12.8 (5.9)
Treatment
Hyperbaric oxygen therapy (%) 7 (15.6)
Levodopa (%) 7 (15.6)
Outcomes
Delayed neurological sequelae (%) 8(17.8)
Median time to DNS in days (range) 16.5 (7 — 40)
Length of stay in days
Mean (SD) 16.5 (32.7)
Median (range) 5(1-190)
Discharge to place other than home (n = 44, %) 14 (31.8)
Improved after discharge (%) 42 (93.3)

BZD: Benzodiazepine; CO: Carbon monoxide; SD: Standard deviation

benzodiazepines and/or alcohol use was associated
with decreased consciousness with a Glasgow Coma
Scale (GCS) score of <15 at admission (odds ratio
[OR] 4.60, 95% confidence interval [CI] 1.12—-18.87,
P=0.041). HBOT was administered in 7 (15.6%) patients.

DNS was observed in 8 (17.8%) patients with the
common presentation being akinetic mutism; median
time to development was 16.5 days (range 7-40 days).
Table 2 shows the clinical risk factors associated with
the development of DNS. Only low GCS score (<9)
on admission was associated with DNS (OR 8.25, 95%
CI 1.23-55.56, P = 0.045), but the finding was not
statistically significant after adjusting for age and
treatment with HBOT (adjusted OR 7.14, 95%
CI 0.95-53.65, P = 0.056).

Mean hospital stay—including subsequent
admissions for DNS—was 16.5 days (standard
deviation [SD] 32.7). Most patients were discharged
home (n = 30, 68.2%) or to another health institution
for rehabilitation, psychiatric or long-term nursing
care (n = 14, 31.2%); 1 patient who had multiple
comorbidities that included carcinoma of the bladder
passed away from pneumonia.

Eleven of the 45 patients underwent initial computed
tomography (CT) of the brain. Bilateral globus

Table 2. Clinical Factors Associated with Development of Delayed
Neurological Sequelae

Factor Odds Ratio (95% P Value
Confidence Interval)

Age 1.05 (1.00 — 1.11) 0.053

Gender (men vs women) 1.83 (0.32-10.31) 0.691

Depression 3.94 (0.80 —19.43) 0.111

Non-accidental vs accidental
carbon monoxide poisoning

2.25(0.24 - 20.84) 0.661

Benzodiazepine and/or 0.90 (0.16 —5.22) 1.000
alcohol use
Initial memory difficulties 3.78 (0.52 — 27.60) 0.211

Glasgow Coma Scale on 8.25(1.23 — 55.56) 0.045

admission <9
Carboxyhaemoglobin
>15% 2.11 (0.34 - 12.97) 0.664
As continuous variable 1.00 (0.95 - 1.06) 0.949
Creatine kinase >250 TU/L 8.00 (0.69 —92.70) 0.104
White blood cell count 1.02 (0.86 — 1.21) 0.840

Treatment with hyperbaric
oxygen therapy

0.20 (0.03 - 1.18) 0.094

Copyright © 2020 Annals, Academy of Medicine, Singapore



pallidus hypodensities was found in 3 of them, and
all went on to develop DNS (Fig. 1A). In 2 patients
with normal CT findings, T2/FLAIR white matter
hyperintensities were seen on contemporaneous brain
MRI, 1 was performed on the same day and the other, 4
days after CT was done.

During the study period, 13 patients underwent
MRI; 10 were done “early” and 3 were done “late”.
The main indications for MRI were persistently low
or deteriorating levels of consciousness in the acute
phase and/or development of clinical features of
DNS. MRI abnormalities in each patient are described
in Table 3.

In the 10 patients who had early MRI, 7 showed T2/
FLAIR hyperintensities in the globus pallidus; 1 of them

had concomitant haemorrhage (Fig. 1B). In 3 patients,
MRI findings revealed diffuse extensive T2/FLAIR
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white matter hyperintensities; restricted diffusion was
seen in 2 of them.

In the 3 patients who had late MRI, abnormalities
were seen in 2 that showed bilateral globus pallidus
hyperintensities with haemorrhage. In the remaining
patient (Patient 5), extensive T2/FLAIR deep white
matter hyperintensities with restricted diffusion was
seen on interval scan at day 35 (Fig. 1C-E).

In 8 patients who developed DNS, globus pallidus
abnormalities were seen in early MRI of 5 patients
and late MRI of 2 patients. Extensive bilateral T2/
FLAIR white matter hyperintensities were seen in 4
patients; in 3 of them, they were seen in early MRI.
Restricted diffusion in the white matter was seen in 3
patients, 1 of them in late MRI. In 1 patient (Patient §),
generalised cerebral volume loss was seen on MRI at
5 years (Fig. 1F). All 3 patients with normal early

Fig. 1. Neuroimaging in acute and delayed phases of carbon monoxide poisoning. A: At presentation, axial non-contrast computed tomography of
brain showed bilateral symmetrical hypodensities in globus pallidus (dashed white arrows). B: On day 7, axial T2W MRI post-exposure showed
bilateral hyperintensities in globus pallidus (short dashed white arrows). C: On day 35, axial T2ZW MRI showed bilateral confluent hyperintensities
in cerebral white matter (thick white arrows). D and E: On day 35, ADC showed confluent DWI (b = 1000 s/mm?) hyperintensities in bilateral
centrum semiovale (white arrows) with corresponding low signal on ADC (thick white arrows), indicating restricted diffusion. F: At 5 years
postexposure, axial T2ZW MRI showed widened sulci and increased ventricular dilatation (compared with 1B), indicating volume loss. ADC:
Apparent diffusion coefficient; DWI: Diffusion-weighted image; T2W MRI: T2-weighted magnetic resonance image
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MRI did not develop DNS, while 5 (71.4%) of 7
patients with abnormal early MRI developed DNS.

Discussion

In this 10-year review of acute CO poisoning, no
clinical prognostic factors were identified in the
development of DNS. Previous studies also did not
conclusively identify these factors. In their study, Pepe
et al showed that patients aged >36 years old who were
exposed to CO for >24 hours and did not receive HBOT
or had cerebellar abnormalities on presentation had an
increased risk of developing cognitive sequelac.’ Weaver
et al also found that GCS score of <9 and leucocytosis
at presentation were associated with DNS onset.®

On the other hand, radiological investigations that
were performed at acute presentation may be helpful
to identify features that predict DNS and could
potentially guide acute clinical management. In our study,
radiological features of CO poisoning were better
demonstrated on MRI. Florid globus pallidus
abnormalities could be detected on early CT and may
portend the development of neurological complications
as all 3 of our patients who had CT-detectable changes
developed DNS. In our 8 patients who developed
DNS, MRI findings showed a combination of globus
pallidus and deep white matter involvement; 3 of them
had white matter with restricted diffusion. A recent
study concluded that diffusion abnormalities seen on
MRI in the acute phase of CO poisoning was associated
with a 14-fold increase in risk of developing DNS.’

In our patients, the most common abnormal finding on
MRI was bilateral globus pallidus T2 hyperintensities
which is consistent with those of previous studies.® !
The vulnerability of the globus pallidus to tissue hypoxia
in CO poisoning is not well understood, but it may be
attributed to poor anastomotic blood supply. Another
possibility is that due to its high iron content, CO binds
selectively to the globus pallidus which leads to infarction
and haemorrhagic conversion.?

Extensive confluent T2/FLAIR hyperintensities in
the cerebral white matter—with or without restricted
diffusion—were also observed in our patients in the acute
and delayed phases of presentation. While some authors
have postulated that restricted diffusion in the acute
phase, which often normalises, is caused by reversible
ischaemia, others have attributed it to acute myelinopathy
secondary to failure of cellular energy.”!'? In the delayed
stage, white matter hyperintensities are thought to result
from delayed posthypoxic demyelination that is caused
by biochemical changes triggered by accumulation of
metabolic byproducts.'” In a study by Kim et al, this was
associated with delayed-onset encephalopathy.'

May 2020, Vol. 49 No. 5
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Similar to an earlier local cohort in 2005 who had a
mean age of 38.9 years with a preponderance of male
(75%) patients,” most of the patients in our study were
young men. However, unlike a 1975 study that found
only 9% of patients presented with non-accidental CO
poisoning, in our study the incidence was 77.8%.'* This
finding might be attributed to safer workplace practices
and declining popularity in the use of gas water heaters.
Strict legislation has also curbed the abuse of illicit
drugs in the country; consequently, this has led to death
by CO poisoning as an alternative suicide method, a
phenomenon that is peculiar to Asian countries.!® Since
a significant proportion of patients (60%) had a history
of psychiatric illnesses, managing physicians should
consider CO poisoning in patients with pre-existing
psychiatric illnesses who present with a history of
unwitnessed loss of consciousness. Additionally,
concomitant sedative use should be screened when a
patient has a low GCS score at admission.

In our patient cohort, there was significant morbidity
with prolonged hospital stay; a third of them also required
institutionalisation. DNS occurred in 17.8% of patients,
which was slightly lower than rates (24.1-26.1%)
reported elsewhere.*”!* This finding could be attributed
to the younger mean age (38 years old) of our patients
than other studies (41-63 years old) that translated to
fewer comorbidities.

Although the indications for HBOT remain poorly
defined, they have included loss of consciousness,
neurological deficits, cardiac ischaemia or pregnancy
and, more recently, the finding of restricted diffusion
on MRI done in the acute phase.®”!¢ In this review, the
reasons for the initiation of HBOT were not documented.
However, none of the clinical parameters that were
examined were associated with HBOT delivery.
Additionally, findings of neuroimaging studies were
apparently not used to guide clinical care since none
of our patients had undergone MRI prior to HBOT.
Finally, only 3 of 7 patients who received HBOT had
undergone prior brain CT, and only 2 had normal
findings. The overall usage of HBOT was low (15.6%)
and the small patient numbers also prevented any
meaningful conclusions that can be drawn on the role of
HBOT in preventing DNS onset.

Our study has several limitations. Since it was
a retrospective review, the data was not complete.
Radiological investigations were only performed in
a third of patients and comorbidities such as
cardiovascular risk factors that could account for white
matter hyperintensities on MRI were not captured.
However, given the young mean age of our patients,
the prevalence of these risk factors is likely to be low.
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Multivariate analysis of clinical risk factors that affected
the development of DNS was also limited by the small
sample size. Since most of our patients did not undergo
a systematic assessment of their functional status or
cognitive function, long-term neurological outcomes
could not be studied. Nonetheless, to date this is the
largest study of CO poisoning in Singapore. It also
identified potential areas for improvement in
multidisciplinary care of this relatively young and
vulnerable group of patients, particularly the appropriate
use of early preventive therapies that is guided by
neuroimaging studies in the acute phase, better
recognition of DNS, more comprehensive neuro-cognitive
assessments and targeted rehabilitative strategies.
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Letter to the Editor

A “Saga” of Adenanthera Pavonina Seed Ingestion in a Toddler

Dear Editor,

The adenanthera pavonina tree is commonly found
in Southeast Asia, India and Southeast China. It has
been introduced into some countries in the Americas
(United States, Brazil, Costa Rica, Venezuela, Trinidad,
Tobago, Cuba, Jamaica, and Puerto Rico).!? The trees
are usually planted in many countries along roadsides,
parks, and gardens to provide shade and as ornamental
trees. The adenanthera pavonina seeds are seen inside
curved hanging pods, which split open into two twisted
halves to reveal the hard seeds. The seeds are glossy
scarlet red (Fig. 1) and are commonly used as toys
and ornaments. Children are attracted to these seeds
due to the appealing look and use them as playthings.
Often, toddlers might mistake these seeds for sweets
and ingest them due to their attractive appearance.

The most adverse effects of this seed ingestion
are limited to local gastrointestinal symptoms like
vomiting and diarrhea. However, the majority of the

Fig. 1: Adenanthera pavonina seeds
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adenanthera pavonina seed ingestions often cause
few or mild symptoms because the shell remains
intact, and there is limited exposure to the toxic
contents within the seed. We report a case of a child
with the unintentional ingestion of raw adenanthera
pavonina seeds resulting in gastrointestinal toxicity
requiring hospitalisation. To our knowledge, this is
the first paediatric case report on adenanthera
pavonina toxicity.

Case Report

A 3 year-old boy who was previously well, presented
to the paediatric emergency department (PED) with
one episode of vomiting, which was non-bilious and
non-projectile, and four episodes of non-bloody
diarrhoea. There was also severe abdominal distention
noted by the parents. The child had been playing with
adenanthera pavonina seeds in front of the house.
A few minutes after entering the house, the child
suddenly had an episode of vomiting, the contents of
which showed multiple scarlet red-colored fragments.
Four hours after the ingestion, the child began
complaining of intermittent abdominal pain lasting
a few minutes during each episode, the intensity of
which gradually worsened over time. Subsequently,
the parents also noticed progressively worsening
abdominal distention. There was no history of fever,
lethargy, or decreased urine output, although the oral
intake was reduced to less than half of the normal.
There was also no history of contact with a person
with symptoms of acute gastroenteritis or a significant
travel history.

Upon arrival to the paediatric emergency department,
he was awake, alert, and oriented, with initial vital
signs at blood pressure of 91/59 mmHg, pulse of
103 beats/minute, respiratory rate of 22 breaths/
minute, and a temperature of 36.7°C. Cardiac
monitoring showed sinus tachycardia without ectopy
or arrhythmias. On physical examination, his head,
neck, heart, lung, and neurological exams were
normal. The abdominal exam revealed gross
distention, with generalised mild diffuse tenderness
and hyperactive bowel sounds. The hernial orifices and
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external genitalia were normal. The rectal examination
revealed no blood on the examining finger, and the
anal tone was normal. The initial blood gas analysis
was normal, and the electrocardiogram (ECG) showed
normal sinus rhythm with a QTc 444 msec.

Laboratory tests revealed: sodium of 139 mEq/L,
potassium of 4.2 mEq/L, chloride of 106 mEq/L,
bicarbonate of 20 mEq/L, urea of 17 mg/dL, creatinine
of 0.27 mg/dL and glucose of 106 mg/dL. Liver
function tests, prothrombin time (PT), activated partial
thromboplastin time (APTT), and complete blood
counts were normal. Abdominal x-rays showed
dilated small and large bowel loops till the descending
colon with absent rectal gas (Fig. 2 and 3). Multiple
air-fluid levels were also noted in the erect abdomen
x-ray (Fig 2 and 3). There was no air under the
diaphragm, and no radio-opaque foreign bodies
were seen in the abdomen.

Intravenous access was secured, maintenance volume
of intravenous fluid, and intravenous anti-emetic were
administered. The patient was initially kept nil by
mouth and was admitted for further monitoring. Upon
re-evaluation in the inpatient ward, the patient persisted
to have abdominal distension with diffuse tenderness,
and the bowel sounds were sluggish on auscultation.
He had intermittent episodes of diarrhoea, but vomiting
had subsided. Over the next 72 hours, the abdominal
distension and pain gradually resolved. Oral feeds
were steadily escalated, and the patient was able
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Fig. 2: X ray abdomen erect showing dilated small and large bowel
loops with multiple air fluid levels and no air under the diaphragm or
radio-opaque foreign bodies

SUPINE

Fig. 3: X ray abdomen supine showing dilated small and large bowel
loops till the descending colon with absent rectal gas

to achieve good oral intake. There were no further
episodes of vomiting, diarrhoea, or abdominal
discomfort. The patient was discharged home after
72 hours of inpatient monitoring. Two weeks follow
up after the ingestion revealed no further sequelae
from the ingestion.

Discussion

Adenanthera pavonina is an ornamental tree, which
produces scarlet red, glossy seeds commonly used
as toys and ornaments. While cooked adenanthera
pavonina seeds are edible, the raw seeds are poisonous.
These seeds are considered to possess medicinal
value®*% and are used in traditional medicine.
Powdered seeds are made into plastering pastes to
quicken the removal of pus from the furuncle, cure
headaches, and rheumatism.> Adenanthera pavonina
is a source of simple aromatic natural products
like 2,4-dihydroxybenzoic acid, and flavonoids
(ampelopsin, butein, dihydrorobinetin, androbinetin),
as well as aliphatic natural products like
O-acetylethanolamine and 1-octacosanol.? It also
contains carbohydrate (galactitol), terpenoids
(echinocystic acid and oleanolic acid), steroids
(daucosterol, B-sitosterol, and stigmasterol), amino
acids and peptides (2-amino-4ethylidenepentanedioic
acid and y-methyleneglutamine), and alkaloids
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(O-acetylethanolamine and 1H-imidazole).*® The
exact content within the seed which acts as the
toxin is unknown, but the presence of aromatic and
aliphatic natural products, flavonoids, terpenoids,
natural steroids, amino acids, peptides, and alkaloids
could act as gastrointestinal irritants.>®

Due to the presence of the hard seed shell, which
insulates the toxin from gastrointestinal absorption,
oral ingestion of whole seeds usually does not produce
serious illness. Symptomatic ingestions are more
likely to happen after the consumption of new crops
with immature seeds, which have a softer shell. In
the case of older seeds, consumption, after chewing
or grinding will disrupt the hard shell resulting in
exposure of the gastrointestinal tract to the toxic
contents of the seed. This mechanism likely increases
the severity of toxicity and decreases the time to onset
of symptoms.

The main symptoms from ingestion of these seeds
are gastrointestinal in origin. These symptoms
include nausea, vomiting, and diarrhoea, which, if
untreated, can lead to severe dehydration. Significant
abdominal distention due to toxic paralytic ileus,
which happened in our paediatric patient, has not
been previously reported in the literature. Severe
toxicity can result in central nervous system stimulation
and seizures. Adenanthera pavonina seed ingestion
can also cause tachycardia, mydriasis, headache,
hallucinations, weakness, and tremors. The plant may
be irritating to the skin and the eye.”” Due to the
irritative properties of the plant and seed contents,
corrosive burns of oral mucosa and haematemesis
may often be apparent within hours after ingestion.””
There is no known toxicity level in humans. Gastric
emptying techniques, including induced emesis,
activated charcoal, gastric lavage, and whole bowel
irrigation, have not been found to be useful in this
ingestion. However, in case of eye or skin exposure to
the plant, copious irrigation has been recommended.
There is no specific antidote for adenanthera pavonina
seed poisoning. The treatment is mainly supportive
with intravenous fluids, anti-emetics, and correction
of electrolyte abnormalities. The stool and vomitus
should not be discarded until the diagnosis is
confirmed, as seed remnants may be present within
these specimens.

Summary

The majority of cases of adenanthera pavonina seed
poisoning in children involve the ingestion of a small
number of intact seeds resulting in minimal or mild
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symptoms. However, the ingestion can be associated
with significant gastrointestinal toxicity like toxic
paralytic ileus, when the seeds are chewed. Intravenous
fluids and supportive care in such cases will likely
result in good outcomes. Emergency physicians
should be aware of this toxic exposure and provide
appropriate advice to parents.
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Letter to the Editof

Caution with Hair Dye: Foreign Body Skull Erosive Granuloma from
Exogenous Hair Pigmentation

Dear Editor,

Modification of hair colour with the use of hair dye
is common. Allergic reactions and contact dermatitis
and are common side effects of hair dye on the
scalp that have been described in literature.'?*
Scalp nodules related to pigments of hair dye is a rare
condition, with only a few isolated case reports
from overseas.?

In this letter, we will present a rare case of a 40-year-
old gentleman who presented to us with a scalp lump,
with associated skull bone erosion seen on the
radiological imaging. Final histology from surgical
excision concluded a foreign body granulomatous
reaction to hair dye substances.

Case Presentation

The patient who had dyed his hair a few months
earlier, presented to our Department of Neurosurgery
with a 2-month history of a tender left parietal-
occipital scalp lump. He had no history of scalp trauma.
There were no previous infections or tattoos at the
area, and the patient did not have a family history for
dermatological malignancies. Physical examination
revealed a 2cm tender and hard lump at the left
parietal-occipital scalp area.

A computed tomography (CT) scan of the head
confirmed an enhancing lesion at the index location
with erosion of the outer cortex of the underlying skull
(Figures 1 and 2). The initial differential diagnosis for
the condition included that of a foreign body granuloma,
sebaceous cyst, nodular melanoma, dermatofibroma and
histiocytosis.

The patient underwent an excision of the left
parietal-occipital scalp lesion. Intraoperatively, we
noted a hard, rubbery, grey-coloured flat-based lesion
beneath the galea at the index location, measuring
approximately 1.5cm x 1.5cm. The epicentre of this
lesion was attached to and eroding the outer cortex
of the underlying bone, leaving an indentation of the
outer cortex. The lesion was separated from the
surrounding bone and excised completely using sharp
dissection. It was sent for both frozen section and
formal histology.

Fig. 1. Contrasted CT scan of the head showing the contrast enhancing
left parietal scalp lesion with outer cortex skull erosion.

Fig. 2. Bone window of the same CT scan showing the outer cortex of skull
erosion at the left parietal area.
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The intraoperative frozen section revealed aggregates
of atypical oval to spindle cells. In view of the frozen
section findings, which suggested a possibility of
malignancy, a small craniotomy was fashioned around
the margins of the lesion where it had eroded the
skull. The inner cortex of the bone flap was noted
to be normal. The underlying dura was normal with
no breach.

The craniotomy defect was repaired with a
titanium mesh secured with micro-screws and
this mesh was overlaid with a thin layer of tobramycin
antibiotic cement.

The patient had an uneventful recovery and the final
histology confirmed features indicative of a foreign
body granulomatous reaction to exogenous blackish
material, which may represent exogenous pigment
or dye. A diagnosis was made by the histopathologist
of foreign body granulomatous reaction in the presence
of known hair dye substances.

The patient remained well on follow-up with no
recurrence of the scalp lump. The surgical wound healed
well and he was discharged from regular follow-up.

Discussion

Histologically, granulomas are aggregates of
mononuclear inflammatory cells or modified
macrophages, which are usually surrounded by a
rim of lymphocytes and often contain a few giant
cells. Granulomas typically form to protect the host
from persistent inflammatory stimuli which, if
ongoing, may produce locally inflammatory and
destructive effects.’

Primary granuloma formation can be classified
into autoimmune, infectious, idiopathic and hereditary
causes. Secondary granuloma formation in the scalp
can be a result of foreign body implantation and
chemical exposure, such as that of the hair dye in
this case.

Hair dyes are classified as either “semi-permanent” or
“permanent” dyes according to their ability to permeate
the hair shaft. The main difference between the two
types dyes lie in their capacity to either penetrate the
hair follicle cortex permanently, or to stay shallow on
the cuticle surface and be washed after a few rounds
of shampooing. To overcome the cuticle and reach
the cortex layer, the product must have an alkaline
pH able to open the scales of the hair follicle.
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Most permanent dyes use ammonia to increase the
pH. The permanent dye works by an oxidation reaction
that allows the pigments to get inside the cortex of
the hair. These pigments are: paraphenylenediamine,
paratoluenediamine, and paraaminophenol, with
hydrogen peroxide to liberate oxygen. Once inside the
cortex, they combine with aniline dyes to produce the
required colour molecules.?

Semi-permanent dyes, on the other hand, do not
contain ammonia or ethanolamine. They do however
also contain hydrogen peroxide, resorcinol and
paradyes. The concentration of hydrogen peroxide in
semi-permanent dyes is lower (2%) as compared to that
of permanent hair dyes (6%).2

While foreign body type secondary scalp granuloma,
in association with lipid material (mineral oil)
deposited in tissues used for cosmetic body contour
augmentation was reported previously,® modification
of hair colour with the use of hair dye is now the more
common trend. In this case, the patient had a short
history of hair dye exposure, coupled with rapid
growth and partial involvement of the outer cortex of
the skull. In the presence of the frozen section report of
atypia, this does raise the concern of malignancy with
skull bone involvement. Such concern would augment
the clinical context from a simple cosmetic scalp lump
open resection surgery, to a more extensive surgery
requiring part of cranial bone removal (craniectomy).

Conclusion

This is, to our knowledge, the first report of
granulomatous inflammation of the scalp, causing
erosion of the skull bone after the use of colouring
hair dye. Hair dye granulomas may mimic malignant
scalp lesion, as demonstrated in this case. Anamnesis
is the physician’s most important basis of diagnosis,
with skin biopsy being performed in suspicious lesions.
Our case is unusual due to the uncommon aectiology
and the atypical location. The histological findings
were decisive to making the correct diagnosis
and treatment.

Following this case report, we would like to sound a
note of caution for those who consider using such hair
dyes, and alert our medical colleagues to seek a history
of hair dye usage when patients present to them with
suspicious scalp lumps or pigmented scalp lesions.
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