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Early reperfusion of ST-segment elevation myocardial infarction
(STEMI) leads to better outcomes. Interventions that have
resulted in shorter door-to-balloon time include prehospital
cardiovascular laboratory activation and prehospital
electrocardiogram transmission, which are only available for
patients who arrive via emergency ambulances.

A Singapore retrospective study examined data of patients who
arrived at the emergency department by emergency
ambulances and via their own transport. The findings revealed
that arrival via ambulance was associated with a decreased
door-to-balloon time for STEMI patients compared to arriving
via own transport. In spite of this, only a third of the patient
cohort had arrived by ambulance.

Public education can help to increase awareness of STEMI
symptoms and the use of emergency transportation when
experiencing such symptoms. Findings from the study can
guide further investigations and workflow to improve
door-to-balloon time.
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Reducing the total ischaemic time in ST-segment elevation myocardial

infarction: Every step matters
Yew Woon Chia 'rrer, Michael Yih Chong Chia *rrcem

Ischaemic heart disease (IHD) is the third leading cause
of death in Singapore, accounting for 18.8% of all
mortalities in 2019." With our ageing population, there
is an increased prevalence of cardiovascular risk factors
such as hypertension, hyperlipidaemia and diabetes
mellitus (15.6%, 13.6% and 6.9% of the population,
respectively).? The Singapore Myocardial Infarction
Registry (SMIR) revealed a significant increase in the
crude incidence rate of acute myocardial infarction
(AMI) from 235.6 to 364.8 per 100,000 population
from 2010 to 2019, with a 30-day case fatality rate
of 8.4%.°

In 1977, Reimer et al. elegantly described using
experimental circumflex artery ligation the wavefront
phenomenon of myocardial infarction propagation.*
They demonstrated that myocardial necrosis started in
the subendocardial myocardium after coronary artery
occlusion and, with increasing duration of ischaemia,
irreversible injury progressed as a wavefront towards
the subepicardial myocardium. It was noted that after
40 minutes of occlusion, 55% of the myocardium at
risk was still salvageable by reperfusion; by 3 hours,
the salvageable area was down to 33%; and in 6 hours,
only 16%. Therefore, any benefit of reperfusion therapy
is time-dependent and should be implemented as soon
as possible after an acute coronary artery occlusion
to delay and prevent ischaemic myocardial cell death.
Primary percutaneous coronary intervention (PCI)
is now the preferred revascularisation strategy for
ST-segment elevation myocardial infarction (STEMI) as
it had demonstrated greater reduction in mortality, non-
fatal reinfarction and stroke compared to thrombolytic
therapy and is currently the standard of care for
STEMI in Singapore.’

The “total ischaemic time” includes several key time
intervals that are determinants of patient outcomes and
should be systemically collected and analysed (Fig. 1).
They include, temporally, time from symptom onset
to first medical contact (“patient delay”), time from
first medical contact to arrival at a PCl-capable centre

(“emergency medical service [EMS] delay”), and time
from arrival at a PCI-capable centre to revascularisation
(“in-hospital delay” i.e. the “door-to-balloon” [DTB]
time). The optimal approach to reduce each time
interval differs in terms of strategy and medical
resources needed.

With the recognition that earlier revascularisation
confers better survival with less long-term adverse
consequences e.g. poor left ventricular function,
guidelines from international societies, such as the
American College of Cardiology and American Heart
Association, have advocated a DTB time of 90 minutes
or less, which has become a key performance indicator
in many healthcare systems.® DTB time refers to the
time from arrival at the Emergency Department (ED) to
restoration of antegrade flow down the infarct-related
artery (either at the time of balloon inflation or wire
crossing of the culprit lesion); it reflects the timeliness
of hospitals in treating STEMI patients and quantifies
the “in-hospital delay”.

Is there a limit beyond which further reduction in
the DTB time does not lead to additional improvement
in clinical outcomes? Nallamothu et al. performed
a multilevel model analysis of the US National
Cardiovascular Data Registry (NCDR) CathPCI
Registry and showed that every 10-minute reduction in
patient-specific DTB time was strongly and consistently
associated with lower in-hospital mortality (adjusted
odds ratio [aOR] 0.92, 95% confidence interval [CI]
0.91-0.93, P<0.0001) and 6-month mortality (aOR
0.94, 95% CI 0.93-0.95, P<0.0001) at the individual
patient-level although there was no association
between decreases in annual DTB times and mortality
at the population-level because of secular trends
towards increased mortality risk in the primary
PCI population.” More recently, a Taiwan registry
demonstrated that patients with a DTB time of less
than 60 minutes had lower incidences of thrombolysis
in myocardial infarction flow grade less than 3 (aOR
0.4, 95% CI 0.20-0.76), 30-day reinfarction (aOR 0.3,
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Fig. 1. The “Total Ischaemic Time”, time intervals and components.

Cath Lab: cardiac catheterisation laboratory; ECG: electrocardiogram; ED: emergency department; EMS: emergency medical service;

PPCI: primary percutaneous coronary intervention

95% CI 0.10-0.91) and 30-day mortality (aOR 0.3,
95% CI 0.09-0.77) than those with a DTB time of
60 to 90 minutes.® Park et al. also revealed, using
the Korea Acute Myocardial Infarction Registry, that
every 30-minute reduction in the DTB time showed
continuous reduction in 1-year mortality (90 to 60
minutes: absolute risk reduction [ARR] 2.4%, number
needed to treat [NNT] 41.9; 60 to 30 minutes: ARR
2.0%, NNT 49.2).°

The SMIR indicated that, barring exceptional cases
of equivocal electrocardiographic (ECG) changes
or patients who needed prolonged resuscitation or
occasions when there were delays in obtaining informed
consent, our local healthcare institutions are able to
achieve a DTB time of 90 minutes or less in more than
90% of the time.? An earlier study by Sim et al. identified
major system and non-system factors causing delays
in the DTB time in a Singapore PCI-capable centre.!”
Among 1,268 STEMI patients who underwent primary
PCI over a 4-year period, 202 (15.9%) had a DTB time of
more than 90 minutes. The most common reasons were
a delay in ED processes, atypical clinical presentation
and unstable patient condition requiring stabilisation.
It was reported that the delayed group had a 2.6%

higher in-hospital mortality, although this did not reach
statistical significance.

Initiatives to improve the DTB time have often
focused on ED processes (e.g. “door-to-ECG” time,
“door-to-cardiac catheterisation laboratory activation”
time, “activation-to-arrival at cardiac catheterisation
laboratory” time, etc.) and cardiac catheterisation
laboratory processes (e.g. activation workflow especially
after office hours, logistics such as having prepacked
cardiac catheterisation sets, and having a well-rehearsed
cardiac catheterisation team).!! Improvements in these
components have contributed to a significant reduction
in the DTB time.

Optimal care of a STEMI patient demands a
coordinated, multidisciplinary approach and prehospital
processes play an equally significant role. In this issue
of the Annals, Liu et al. performed a retrospective
cohort study of 321 STEMI patients who presented
to the ED of a PCl-capable centre and underwent
primary PCI. They compared the DTB time between
patients who arrived via emergency ambulances with
those who self-conveyed to the hospital.!> The
investigators showed that the median DTB time was
shorter for patients who were transported to the

Ann Acad Med Singap Vol 50 No 9 September 2021 | annals.edu.sg
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hospital via the Singapore Civil Defence Force (SCDF)
ambulances (52 minutes, interquartile range [IQR]
45-61) compared to those coming by their own transport
(67 minutes, IQR 59-74, P<0.001). Furthermore, 74
(74.7%) patients in the ambulance group achieved
a DTB time of less than 60 minutes compared to only
67 (30.2%) patients in the self-conveyance group.
Nonetheless, the lack of a mortality benefit despite
the shorter DTB time will need further evaluation. It
might be because patients who came by the ambulances
were sicker as shown in earlier studies.'*!*

Liu et al. further analysed the components of the
DTB time, which were affected by the different modes
of transport, and revealed that the improvement in
DTB time was attributed to a shortening in the ED
processes, such as the door-to-ECG time and the
door-to-activation time. This is not entirely surprising
because when a STEMI diagnosis is suspected in the
prehospital setting, the SCDF ambulance will convey
the patient to a PCl-capable centre. The receiving
hospital ED will also be notified to standby and the
patient’s ECG will be transmitted to the ED before
ambulance arrival, which had been shown in a
previous Singapore before-and-after study to reduce
the DTB time by 23 minutes."”” The awaiting ED team
will also be primed to perform a confirmatory ECG
immediately upon patient’s arrival and the cardiac
catheterisation team may also be activated in advance
if the prehospital ECG is clearly diagnostic of a
STEMI. Both prehospital ECG transmission and
prehospital cardiac catheterisation laboratory activation,
which are only possible when patients are conveyed
by the emergency ambulances, can clearly contribute
to a shorter DTB time.

It was noted that self-conveyed patients had a median
door-to-ECG time (11 minutes, IQR 5—15 versus 1 minute,
IQR 0-3; P<0.001) and a median door-to-activation
time (18 minutes, IQR 12.0-25.0 vs 2 minutes, IQR
0.1-7.5; P<0.001), which were significantly longer
compared to patients who arrived via the EMS. This
provides an opportunity to explore quality improvement
initiatives to reduce the gap and enhance the triaging
of walk-in patients who may have symptoms suggestive
of an AMI.' In addition, the authors revealed a
significantly longer DTB time after office hours
attributed to a 21.1% (95% CI 13.2-28.3, P<0.001)
prolongation in the lab-to-balloon time. Healthcare
institutions should collect more information on this and
refine the activation workflow outside office hours.

While not specifically studied in the paper, conveyance

by ambulance also provides an added layer of safety as
AMI patients have a propensity to deteriorate and may

go into cardiogenic shock or suffer a cardiac arrest en
route to the ED. The patients are closely monitored in
the ambulance and the trained paramedics will be able to
commence immediate resuscitation, including providing
supplementary oxygen, performing defibrillations and
administering medications. All these may confer a
higher chance of survival compared to patients taking
either private or public transport to the hospital.

Unfortunately, only 99 (30.8%) patients in this study
arrived in the ED via the EMS. Although the SMIR
indicated an overall higher ambulance-conveyance
rate of about 50%, this is still much lower compared
to a Canadian registry of 59.9%.'" There is certainly
much work for the cardiovascular community to study
the health-seeking behaviour of patients, educate the
public in recognising the signs and symptoms of an
AMI, and call 995 early.

Liu et al. had highlighted through the findings of
their study the importance of public education to
promote awareness of AMI symptoms and use of the
EMS to improve STEMI outcomes. Concurrently, as
there will always be self-conveyed patients, we should
look at refining the triaging of patients who walk into
ED with chest pain syndromes and how activation
workflows can be enhanced after office hours.

The Singapore healthcare system has done well to
meet the international benchmark DTB time of 90
minutes. We could certainly reduce this further but we
should also look into shortening the prehospital delay
(Fig. 1). We should collect routine data on “symptom-
to-balloon” (STB) time as this reflects the total
ischaemic time and had been shown to correlate better
with infarct size and left ventricular ejection fraction
compared to DTB time."” Importantly, the STB time
incorporates a patient’s dimension into the quality
matrix as it includes the time from symptom onset to
first medical contact (the “patient delay”) and reflects
the success of our public educational efforts. The
trends of both DTB time and STB time should be
monitored in a national STEMI registry with steps
taken to identify and address system and non-system
related delays.

Ultimately, the overarching goals in treating patients
with AMI are to reduce their mortality and improve
their left ventricular function. Beyond tracking time
metrics such as DTB and STB times, the holistic
management of a STEMI patient will also necessarily
include compliance with guideline-directed medical
therapy, aggressive cardiovascular risk factors control,
lifestyle modifications, and participating in a tailored
cardiac rehabilitation programme.
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Hepatic artery anastomosis in liver transplantation

Siew-Weng Ng 'rcs (&din)

Liver transplant is the definitive therapy for end-stage
liver failure. The challenges include overcoming technical
difficulties of the transplant surgery followed by medical
therapy to prevent organ rejection. The most important
surgical hurdle is the prevention of hepatic artery
thrombosis (HAT) that can occur in up to 9% of cases.'?

The native liver is able to tolerate significant ischaemia
with rich collateral supply but the biliary system is
primarily supplied by the hepatic artery. HAT in the
transplanted liver is poorly tolerated with graft loss
and more than 50% mortality and a 75% incidence
of retransplantation.® Jain et al. noted that in 4,000
consecutive liver transplants at the University of
Pittsburgh, one third of retransplantations was caused
by HAT and technical failure was the main reason.*
Early detection and prevention of HAT is most dependent
on microvascular surgical techniques and the regular
use of Doppler ultrasound screening.’

In Singapore, at least 30% of liver transplant involves
living donors due to a low donation rate.® Compared
with deceased donor liver transplantation (DDLT), living
donor liver transplantation (LDLT) is associated with
higher incidences of hepatic artery thrombosis, thus
increasing the risk of morbidity and mortality. The
donor vessels in LDLT are usually smaller and shorter,
thereby increasing technical difficulty.” To address this,
a collaborative effort between the transplant surgeon and
plastic surgery team at the Singapore General Hospital
was established. There was a lower incidence of short-
and long-term arterial complications, especially in
LDLT when the plastic surgery team performed arterial
anastomosis under microscopy.®

In this issue of the Annals, Tan et al. reviewed 51
consecutive cases of liver transplantation (31 cases of
DDLT and 20 cases of LDLT) at the Singapore General
Hospital from January 2015 to December 2018.% The
mean age was 58 and the most common indications for
liver transplantation were non-alcoholic steatohepatitis,
alcoholic liver disease and chronic hepatitis. A transplant
surgeon performed the initial anastomoses of hepatic and
portal veins. This was followed by arterial anastomoses

under microscopy (10x magnification) by a pair of
plastic surgeons. The transplant team then completed
the transplant with biliary reconstruction. Serial
postoperative ultrasound examinations were done on
day 1, 3, 5, 7, 9 and 14 to assess patency of the hepatic
artery and biliary reconstruction.

A total of 61 arterial anastomoses were performed.
There was 1 incident of hepatic thrombosis that was
salvaged successfully with a radial artery interpositional
graft. The hepatic arterial anastomosis was fraught with
difficulties: small and short donor vessels (especially in
LDLT); poor vessel quality; mismatch between donor
and recipient vessel size; and microsurgery in deep
recess worsened by respiratory movements. The authors
outlined the technical challenges faced and illustrated
the various techniques used to improve outcome for
the important step of arterial reconstruction in liver
transplantation.

In general, the planning of arterial anastomosis need
careful consideration of (1) choice of recipient vessels;
(2) methods to overcome vessel length deficiency; (3)
careful preparation of poor quality vessels; and (4)
meticulous techniques for anastomosis.

Choice of recipient vessels. The recipient vessel
of choice is the right or left hepatic artery. However,
where there is a donor vessel size mismatch, the site of
recipient arterial anastomosis would need to be more
proximal. This site ranges from the hepatic artery proper
or the take-off of the splenic artery all the way up to the
common hepatic artery. The arterial anastomosis may
also be sited upstream if there is possible damage to
the hepatic artery after transarterial chemoembolisation
(TACE), in which case the gastroduodenal artery can be
used instead.

Another situation for proximal anastomosis is when
2 recipient vessels are needed to vascularise a large
liver graft. This duo anastomosis configuration may
involve the gastroduodenal and common hepatic
arteries. In an extreme situation of HAT salvage,
revascularisation using the right gastroepiploic artery
has been described.’

! Sweng Plastic Aesthetic and Reconstructive Surgery, Farrer Park Hospital, Singapore
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Options for short vessels. Vessel length deficiency
may be encountered in LDLT or in HAT salvage after
thrombectomy and trimming of vessels. An arterial or
venous interpositional vessel graft may serve as a
vascular funnel where vascular inflow and outflow
mismatch.

Venous grafts (e.g. from the saphenous or common
iliac vein) tend to be thinner and dilate post-
manipulation. A thrombosis rate of up to 23.8% has
been reported,'® with long-term patency rate of less
than 50% at 10 years."" However, vein grafts have also
been reportedly used with good effects in head and neck
arterial reconstruction,'? as well as severe vasospastic
condition." Arterial grafts are generally preferred for
better patency rates—up to 83% at 5 years in coronary
bypass has been reported.'*'> The radial artery
interpositional graft is a common choice. The descending
branch of lateral circumflex femoral artery can be used
for patients with an abnormal Allen’s test result.'® This
option provides a long length and possible Y-shape
configuration for double anastomoses.

The need to use interpositional graft, which increases
the number of anastomoses, needs to be weighed against
the increased risk of early HAT." This risk is increased
by twofold for every extra anastomosis.

Preparation of poor quality vessels. The hepatic
vessels tend to be of poor quality in liver transplantation.
They can be fibrotic from previous peritonitis, or
atherosclerotic related to a fatty liver, or fragile after
TACE. Tan et al. outlined the steps taken to prepare the
vessels for anastomosis in a deep recess using customised
instruments. The vessels were trimmed using a number
11 blade held by a specially angled blade holder, on a
custom-bent angulated platform for support. It was
important not to skeletonise the adventitia.

Anastomotic techniques. Several important pointers
were discussed by the authors to overcome the problem
of friable vessels with a tendency to tear or delaminate.
The anastomosis was done with 8/0 suture at varying
distances from the vessel edge. The staggered suturing
pattern decreased the risk of circumferential tear of
friable vessels. If there was a tendency for endothelial
delamination, the stitching was done inside-out with
the needle tagging against the endothelium downwards,
rather than lifting off if the needle entered from outside-
in. If both recipient and donor vessels had a tendency
to delaminate, every stitch was done in the inside-out
manner, thus using a single strand of dual-ended suture

for each stitch of the anastomosis. The adventia was
then closed with 9/0 suture to improve the seal. Fibrin
glue was then sprayed over and around the anastomosis,
akin to having a sealant to set the vessels in the desired
orientation to optimise the lie and prevent any kinking.

The discussed methodologies are essential for good
vessel coaptation. The anastomosis should be watertight
with no intimal damage or exposure, tension-free with
no length redundancy, laid in a manner to avoid kinking
or compression of vessels (by the biliary system).

Further development. With the advent of
supermicrosurgical techniques for vessels less than 1mm
in diameter, it may be feasible to anastomose very small
donor vessels to the recipient hepatic arterial system in
an end-to-side manner.'® This may require special
double-ended short strands of fine sutures, possibly
using intraoperative indocyanine green angiography to
verify patency.

Further improvement in liver transplantation outcome
may be possible with the use of implantable Doppler
to continuously monitor the status of the anastomosis.
Implantable Doppler improved the lead time for
identifying vascular compromise by an average of 10
hours, providing a specificity of 94.44% and positive
predictive value of 66.66% with an overall accuracy of
95%.' In another study, the sensitivity and specificity
of implantable Doppler has been reported to be as high
as 100%.* Any abnormal findings by an implantable
Doppler would still require confirmation by conventional
transcutaneous Doppler.

In conclusion, hepatic artery reconstitution is one
of the most important and challenging steps of liver
transplantation. In comparison with most free flap
reconstruction surgery, the liver transplantation patient
is usually in a poorer nutritional state, with a suboptimal
coagulation profile. The liver graft is probably a more
precious resource than the autologous musculocutaneous
free flap harvested from the patient. The recipient vessel
quality may be worse than those encountered in crush
injury and less amenable to further cutback. There
is the additional technical challenge of performing
anastomosis in a deep recess, interrupted by respiratory
movement. Therefore, it is exemplary to engage a team of
experienced microsurgeons to organise the harvest of
interpositional graft if needed, and perform the critical
anastomosis to ensure the best outcome—what is often
described as one-bite-of-the-cherry. These coordinated
efforts are well illustrated in the article by Tan et al. with
a very successful outcome.
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Phenotyping in COVID-19: Making the case for why science needs philosophy

Yi-Hern Tan 'wrcp zainp, Chee Kiang Tay 'wrcp wona)

COVID-19 pneumonia is caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
Among patients with SARS-CoV-2 infection, the most
frequent reason for intensive care unit (ICU) admission
is the development of acute respiratory distress
syndrome (ARDS) and consequent hypoxaemia.'

There has been much academic discourse and debate
around clinical phenotypes of COVID-19-associated
ARDS (CARDS). Gattinoni et al. first described the
unusual combination of profound hypoxaemia and
relatively preserved lung compliance in a series of
COVID-19 patients with ARDS.? Based on distinct
physiologic profiles observed in their case series,
they postulated that 2 distinct phenotypes exist: type
L that is primarily characterised by low elastance
and low recruitability, and type H that is more akin
to typical severe ARDS with high elastance and high
recruitability. By attributing hypothesised differences
in lung mechanics and pathophysiologic mechanisms
to type L CARDS, they posited tailored treatments
that ran counter to evidence-based recommendations
in the management of ARDS.? It is our view that this
postulation, which became a trending topic in no time,
did engender a welcomed shift in CARDS treatment
from the frenetic chase for effective therapeutics to
pathophysiology-based intensive care management.
At this juncture, it is pertinent to highlight that the
concept of phenotyping ARDS is neither a novel nor
recent phenomenon. Investigators had previously
identified hyperinflammatory and hypoinflammatory
subphenotypes in non-COVID-19 ARDS, and the
implications of this dichotomy on treatment.**

In this issue of the Annals, Puah et al. described
a prospective cohort study that examined factors
associated with mortality in 102 mechanically ventilated
patients with CARDS.® Older age, use of high-flow
nasal cannula (HFNC), and acute kidney injury (AKI)
and/or renal replacement therapy correlated with
higher mortality. Post-intubation static compliance
(Cya) data were available for 67 patients. Using a
Ciu threshold of 40mL/ecm H,O, 24 (35.8%) and 43
(64.2%) patients were classified as high and low
compliance phenotypes, respectively.” Follow-up Cg,

data at 1-week post-intubation were available for
29 patients (12 and 17 patients in the high and low
compliance groups, respectively). A significant
reduction in Cy, (-10.5 mL/cm H,O, interquartile
range -4.9 to -18.15; P=0.01) was observed only in the
high compliance group. Patients in this group also had
higher mortality (33.3% versus 11.6%; P=0.03); this
observation remained statistically significant after
correcting for age, use of HFNC and AKI (odds ratio
3.5, 95% confidence interval 1.1-12; P=0.04). The
authors likened the high compliance phenotype in their
study to previously described ARDS subtypes such as
the hypoinflammatory phenotype 1 by Calfee et al.
and focal ARDS by Constantin et al.® However, no
significant between-group differences in inflammatory
biomarkers, e.g. C-reactive protein or procalcitonin
were found to support this hypothesis.

The study findings suggest that CARDS patients
who presented with higher C,, that subsequently
deteriorated are at a higher risk of death. However,
it is imperative to evaluate the limitations and context
of this study before the findings could be interpreted
plainly. First, only 67 patients had post-intubation Cyy
measurements, with less than half of them having a
repeat measurement on day 7 after intubation. Considering
that the median duration of mechanical ventilation
was 11-12 days in this subgroup, it remains unclear
if the marked “attrition” in numbers could be mostly
accounted for by patients who had recovered quickly
and adequately to undergo weaning or liberation from
mechanical ventilation. Second, data such as the onset
of symptoms and hypoxaemia/respiratory failure
preceding intubation were unreported. As heterogeneity
in CARDS (e.g. clinical trajectory, pathophysiologic
mechanisms, respiratory mechanics and inflammatory
profiles) is increasingly recognised, inclusion of time-
related variables could reduce their potential confounding
effects on study results.” Third, this study was conducted
relatively early during the COVID-19 pandemic in
Singapore. Following this study, dexamethasone and
remdesivir were shown to have potentially important
clinical benefits in mechanically ventilated patients
with severe COVID-19 pneumonia, and are now
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recommended as standard-of-care for this patient
subgroup.'®!> Notwithstanding the unknown impact
of these therapeutics on pulmonary physiology and
mechanical ventilation, the effect is largely mitigated
by the study’s impressively low mortality rate of
14.7%. Finally, analysis using data from the Large
Observational Study to Understand the Global Impact
of Severe Acute Respiratory Failure (LUNG-SAFE)
study—a multinational ESICM-led prospective cohort
study—revealed a wide range of respiratory system
compliance (C,) among 1,171 non-COVID ARDS
patients with 1 in 8 having preserved compliance,
and that lower C, was independently associated with
higher mortality.”* In other words, the so-called type
L CARDS phenotype existed even before the current
pandemic among patients with ARDS. Rather than
a novel disparate entity, it is more appropriate to
conclude that it lies on a spectrum of the same clinical
syndrome, namely ARDS.

The take-home message from the evolving narrative
of COVID-19 phenotyping is perhaps best encapsulated
by the words, “purpose”, “process” and “pragmatism”.
Phenotyping should have a clear purpose that is
preferably actionable, e.g. an intervention that leads
to improved patient-centred outcome.!* It is equally
important to recognise that scientific rigour is requisite
in the phenotyping process that entails among others:
systematic data collection from large multicentre
cohorts, robust and unbiased statistical data analysis,
internal consistency measurements, and demonstration
of reproducibility via prospective validation in disparate
cohorts.'*!5 Lastly, it is easy to be overwhelmed by an
overload of new information (whether true or false) in
this digital age. In philosophy, one of the core tenets
in pragmatism is enquiry, which as pragmatists are
persuaded, requires a presuppositionless starting-point
that is only possible in the presence of doubt. Perhaps
more so than ever, science needs philosophy.'®
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ABSTRACT

Introduction: Early reperfusion of ST-segment elevation myocardial infarction (STEMI) results in
better outcomes. Interventions that have resulted in shorter door-to-balloon (DTB) time include
prehospital cardiovascular laboratory activation and prehospital electrocardiogram (ECG) transmission,
which are only available for patients who arrive via emergency ambulances. We assessed the impact
of mode of transport on DTB time in a single tertiary institution and evaluated the factors that affected
various components of DTB time.

Methods: We conducted a retrospective cohort study using registry data of patients diagnosed with
STEMI in the emergency department (ED) who underwent primary percutaneous coronary
intervention. We compared patients who arrived by emergency ambulances with those who came via
their own transport. The primary study end point was DTB, defined as the earliest time a patient arrived
in the ED to balloon inflation. As deidentified data was used, ethics review was waived.

Results: A total of 321 patients were included for analysis after excluding 7 with missing data. The
mean age was 61.4+11.4 years old with 49 (15.3%) females. Ninety-nine (30.8%) patients arrived
by emergency ambulance. The median DTB time was shorter for patients arriving by ambulance
versus own transport (52min, interquartile range [IQR] 45-61 vs 67min, IQR 59-74; P<0.001), with
shorter door-to-ECG and door-to-activation time.

Conclusion: Arrival via emergency ambulance was associated with a decreased DTB for STEMI
patients compared to arriving via own transport. There is a need for public education to increase the

usage of emergency ambulances for suspected heart attacks to improve outcomes.

Ann Acad Med Singap 2021;50:671-8
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INTRODUCTION

Early reperfusion of ST-segment elevation myocardial
infarction (STEMI) has been shown to result in
better outcomes,'? and guidelines for treatment of
STEMI recommend a rapid and coordinated response.*
The American Heart Association guidelines released in
2014 recommend a door-to-balloon (DTB) time of less
than 90 minutes,” and timings of less than 60 minutes
have been associated with better outcomes.*

In Singapore, patients presenting to the emergency

departments (ED) of our public hospitals with acute
STEMI are usually offered emergency percutaneous

coronary intervention (PCI) as first-line treatment. In line
with international recommendations, the national target
for DTB time is 90 minutes. This target is met by public
hospitals more than 90% of the time.’

Worldwide, interventions that have resulted in shorter
DTB time include direct emergency physician activation
of cardiovascular laboratory (CVL), prehospital CVL
activation and prehospital electrocardiogram (ECG)
transmission.*!°As these interventions are only available
to patients being conveyed by emergency ambulances,
it is recommended that patients should call an emergency
ambulance when experiencing symptoms such as severe
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CLINICAL IMPACT

What is New

* This study shows that emergency ambulance
usage is associated with shorter door-to-balloon
(DTB) time largely due to shorter door-to-
electrocardiogram timing.

® Other aspects that require attention include
after-office-hours timing.

Clinical Implications

® The study supports the need to increase the
awareness and usage of emergency ambulances
when a heart attack is suspected.

® The findings can guide further investigations and
quality improvement projects to reduce DTB time.

chest pain, especially when associated with sweating,
breathlessness, nausea or vomiting. Despite this, some
international studies report that only 60% of STEMI
patients use an ambulance.!! In Singapore, a previous
study found that only 50% percent of STEMI patients
come to hospital by emergency ambulance.'?

We aimed to study the impact of mode of arrival on
DTB time in our institution, Singapore General
Hospital. We hypothesise that usage of emergency
ambulances will be associated with shorter DTB time
compared to arriving via own transport. Subsequently,
we aimed to analyse the impact of mode of transport
on the various components of DTB time. Amongst
patients conveyed by emergency ambulances, we further
analysed the impact of hospital ED standby, ECG
transmission and CVL activation on the various
components of DTB time.

METHODS
Study design

We conducted a single-centre retrospective cohort study
of all patients who underwent emergency PCI for
STEMI from the ED from January 2018 to August 2019.
We conducted a chart review combining emergency
department records, cardiology department registry data,
as well as an ongoing national myocardial infarction
registry. Ethics review was waived by the SingHealth
Centralised Institutional Review Board (2020/3011).

Setting

Singapore General Hospital is Singapore’s largest
tertiary hospital with 1,735 beds. The ED sees an annual
volume of more than 125,000 patients, with emergency

PCI supported by the National Heart Centre Singapore,
a specialist heart centre.

All patients presenting to the ED with a complaint
that could represent an acute coronary syndrome are
prioritised for an ECG. This is done in the ambulatory
triage area for ambulatory patients and in the critical
care area for non-ambulatory patients. All ECGs are
immediately reviewed by a senior doctor, who would
assess for the presence of STEMI.

Singapore’s emergency medical services system is
run by the Singapore Civil Defence Force (SCDF). The
service is activated by a centralised 995 dispatching
system, with the service handling 191,468 ambulance
calls in 2019."* SCDF’s 60 ambulances are manned by
specially trained paramedics, who are able to put an
ED on standby for patients in whom they suspect a
STEMI, and are also able to fax ECGs on route to the
ED. On receipt of an ECG diagnostic of a STEMI,
the emergency physician has the option to activate the
CVL lab prior to the patient’s arrival.”'?

Data source and study population

All patients who presented to the ED with STEMI and
subsequently underwent emergency PCI were included
for analysis. Patients with missing data on mode of
arrival or DTB time were excluded from analysis.

We obtained the list of patients from the Primary
PCI database that is maintained by the National Heart
Centre Singapore. This database comprises patients who
underwent primary PCI from the emergency department.
It contains demographic data and a breakdown of the
components of DTB time, including the time of arrival,
time of ECG, time of CVL activation, time of arrival to
the CVL lab, as well as time of perfusion. The database
has exclusion criteria that exclude patients who suffered
a cardiac arrest, had cardiogenic shock requiring
resuscitation or showed a non-diagnostic ECG. As such,
only patients with clear STEMI on ECG and did not
require prolonged resuscitation in the ED were included
in this cohort. Full exclusion criteria are available in
Table S1 of Supplementary Materials (in the online
version of this article.)

Data on mode of arrival were obtained from the ED
records. The triage note written by nurses contains
information on the mode of arrival. We also matched
outcomes from the Singapore Myocardial Infarction
Registry,'* which is a national registry that contains
outcome data pertaining to our patients. We also
accessed the SCDF ECG transmission records to identify
patients for whom prehospital ECGs were transmitted.
Data were extracted by 2 study team members, with
disagreements resolved by consensus.
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Study variables

Our primary outcome was DTB time in minutes, defined
as the earliest time the patient was registered in the ED
to the time the balloon was inflated. We also examined
inpatient mortality as well as the components of DTB
time as secondary outcomes, such as door-to-ECG time,
and door-to-CVL time. Components of DTB time were
recorded by the ED staff and CVL staff, and extracted
from the Primary PCI database.

The independent variable was mode of arrival, which
was obtained from the ED patient records. Other
independent variables included prehospital transmission
of ECG as well as whether the ED was put on standby.
These were obtained from the ED records and SCDF
ECG transmission records.

Data analysis

We described patient characteristics using percentages
for categorical data. Mean and standard deviation, or
median and interquartile range (IQR) were used for
normally and non-normally distributed continuous
variables, respectively. Statistical comparisons for
differences in baseline characteristics among patients
arriving by emergency ambulance and own transport
were performed using chi-square tests for categorical
variables. T-test and Wilcoxon rank-sum test were used
for normally and non-normally distributed data,
respectively. DTB time and its components were described
using median and IQR based on mode of transport.

Subsequently, we conducted multivariable linear
regression with DTB time in minutes as the primary
outcome. For the predictors, we included factors that
have been reported to be associated with DTB time,
including age, sex, presentation during working hours,
and ambulance usage.'>!'® Secondary outcomes include
door-to-ECG time, door-to-activation time, activation-
to-lab time and lab-to-balloon time.

The primary and secondary endpoints (in minutes)
were log transformed for use in regression models
to maintain normality. Statistical output is therefore
reported as percent change in time and 95% confidence
interval. All tests were 2-sided, with statistical significance
predefined as a P value <0.05.

All statistical analyses were performed using R
software version 4.0.2.

RESULTS

Patient characteristics

There were 328 patients in the cohort from January
2018 to August 2019. After excluding 7 patients due to
missing data, 321 patients were included for analysis.

Table 1 lists the patients’ characteristics. Median age
was 61.2 years and 82.9% were men. In terms of
ethnicity, 62.6% were Chinese, 13.1% were Malay and
13.4% were Indian. Compared to Singapore Census of
Population 2020 data (Chinese 74.3%, Malays 13.5%,
Indians 9.0%), a larger proportion of our study cohort
were Indians.

In total, 99 (30.8%) patients arrived by emergency
ambulance and 222 (69.2%) arrived via own transport.
Fig. 1 shows the study flow chart. Among the
characteristics listed in Table 1, age, diabetes mellitus
and smoking status was different between those arriving
via emergency ambulance versus own transport.

Association between DTB timings, inpatient mortality
and mode of transport

Fig. 2 shows that the median DTB time was shorter
for patients arriving by emergency ambulance (52min,
IQR 45-61) than by own transport (67 min, IQR 59-74,
P<0.001). Further analysis showed that arrival via
emergency ambulance was also associated with shorter
median door-to-ECG time (11 min, IQR 5-15 vs 1 min,
IQR 0-3; P<0.001) and door-to-activation (18 min,
IQR 12-25 vs 2 min, IQR 0.10-7.50; P<0.001)
(Table 2). There was no difference in inpatient mortality
among patients arriving by emergency ambulance vs
own transport (6.1% vs 2.7%, P=0.252)

DTB timings and prehospital measures

Table 3 shows median DTB time of patients based
on whether they had prehospital ED standby, ECG
transmission and CVL activation. Patients arriving via
emergency ambulance without prehospital standby had
a median DTB time of more than 60 minutes. With
each additional measure (standby, prehospital ECG
transmission and prehospital CVL activation), there
was a trend towards shorter DTB times.

Other factors affecting various components of
DTB time

Table 4 shows the results of multivariate adjustment for
potential confounders (age, sex, office hours arrival).
Usage of emergency ambulance remained significantly
associated with shorter DTB time (18.5% shorter, 95%
CI -22.3% to -14.5%, P<0.001), largely attributable
to decreased door-to-ECG (87.7% shorter, 95%
CIl -91.7% to -81.8%, P<0.001) and door-to-CVL
activation times (90.6% shorter, 95% CI -93.6% to
-86.2%, P<0.001). Presentation during office hours
was also significantly associated with shorter DTB
time (8.5% shorter, 95% CI -12.5% to -4.3%, P<0.001),
largely attributable to decreased time from arrival
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Fig. 1. Study flow chart.
SCDEF: Singapore Civil Defence Force

Table 1. Characteristics of patients
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at CVL lab to balloon inflation (21.1% shorter, 95%
CI-28.3% to -13.2%, P<0.001)

DISCUSSION

Emergency ambulance usage and DTB time

In this study, we found that arrival via emergency
ambulance was associated with DTB times roughly
15 minutes shorter than arriving via other modes
of transport.

Prior studies have found that prehospital ECG
transmission and CVL activation reduces DTB time.
A nationwide, before- after-study in Singapore, showed
a reduction of DTB time of 24 minutes after

Characteristics Own transport (n=222) Emergency ambulance (n=99) P value
No. (%) No. (%)

Man 182 (82.0) 90 (90.9) 0.059
Age, mean (SD), years 62.47 (11.01) 58.98 (11.85) 0.011
Race 0.085

Chinese 147 (66.2) 54 (54.5)

Malay 26 (11.7) 16 (16.2)

Indian 31 (14.0) 12 (12.1)

Others 18 (8.3) 17 (17.1)
Office-hours presentation 81(36.5) 45 (45.5) 0.163
Day of the week 0.152

Monday 31(14.0) 10 (10.1)

Tuesday 35 (15.8) 16 (16.2)

Wednesday 30 (13.5) 13 (13.1)

Thursday 26 (11.7) 16 (16.2)

Friday 29 (13.1) 21 (21.2)

Saturday 37 (16.7) 7(7.1)

Sunday 34 (15.3) 16 (16.2)
Diabetes mellitus 78 (35.3) 20 (21.1) 0.017
Hypertension 123 (55.7) 46 (48.4) 0.289
Dyslipidaemia 128 (57.9) 47 (49.5) 0.207
Current smoker 72 (32.6) 43 (45.3) 0.043
Prior myocardial infarction 23 (10.4) 8(8.4) 0.735
Cerebrovascular disease 10 (4.5) 3(3.2) 0.761
Peripheral arterial disease 5(2.3) 1(1.1) 0.672
Current dialysis 4(1.8) 1(1.1) 1

SD: standard deviation
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Fig. 2. DTB time by mode of arrival.
DTB: door-to-balloon

Table 2. Door-to-balloon (DTB) parameters and mortality by mode of arrival

675

DTB parameters Own transport (n=222) Emergency ambulance (n=99) P value
DTB time, median (IQR), min 67.00 (59.00-74.00) 52.00 (45.00-60.50) <0.001
DTB time <60 min, no. (%) 67 (30.2) 74 (74.7) <0.001
DTB time <90 min, no. (%) 210 (94.6) 98 (99.0) 0.124
Deceased during stay, no. (%) 6(2.7) 6(6.1) 0.252
Door-to-ECG time, median (IQR), min 11.00 (5.00-15.00) 1.00 (0-3.00) <0.001
Door-to-CVL activation time, median (IQR), min 18.00 (12.00-25.00) 2.00 (0.10-7.50) <0.001
CVL activation to CVL arrival, median (IQR), min 29.00 (25.00-33.00) 30.00 (25.00-36.00) 0.178
19.00 (14.00-24.00) 17.00 (13.00-22.75) 0.126

CVL arrival to balloon, median (IQR), min

CVL: cardiovascular laboratory; ECG: electrocardiogram; IQR: interquartile range

Table 3. Door-to-balloon (DTB) time for various prehospital factors

Prehospital factor

DTB time, median (IQR), min

Arriving via own transport (n=222)
Arriving via SCDF but ED not put on standby (n=7)

Arrived via SCDF, ED put on standby but no ECG transmitted (n=37)

Arrived via SCDF, ED put on standby, ECG transmitted but no prehospital activation (n=15)

Arrived via SCDF, ED put on standby, ECG transmitted with prehospital activation (n=40)

67.00 (59.00~74.00)
62.00 (58.00~71.50)
54.00 (44.00-67.00)
51.00 (45.50-60.00)

51.00 (43.00-57.25)

ECG: electrocardiogram; ED: emergency department; IQR: interquartile range; SCDF: Singapore Civil Defence Force
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Table 4. Variables associated with change in components of door-to-balloon time after adjustment for confounders

Ambulance usage (95% CI) P value

Door-to-balloon time 18.5% shorter (-22.3 to -14.5%) <0.001

Door-to-ECG time 87.7% shorter (-91.7 to -81.8%) <0.001

Door-to-activation time 90.6% shorter (-93.6 to -86.2%) <0.001
Activation-to-lab time 10.5% longer (-2.5 to 25.5%) 0.12
Lab-to-balloon time 6.2% shorter (-15.2 to 3.8%) 0.22

Office-hours presentation (95% CI) P value

Door-to-balloon time 8.5% shorter (-12.5 to -4.3%) <0.001
Door-to-ECG time 1.5% longer (-29.6 to 46.2%) 0.93
Door-to-activation time 1.4% shorter (-31.1 to 41.1%) 0.94
Activation-to-lab time 9.7% shorter (-19.8 to 1.64%) 0.09

Lab-to-balloon time 21.1% shorter (-28.3 to -13.2%) <0.001

CI: confidence interval; ECG: electrocardiogram
P values in bold are significant

implementation of out-of-hospital ECG recording and
transmission.” Another study by Rao et al. showed that
mean DTB time for patients was reduced from 90.5 to
60.2 minutes when ECG was transmitted prehospital.®
In both studies, prehospital CVL activation was done
if STEMI was diagnosed on the transmitted ECG prior
to hospital arrival.

As such capabilities are only available to patients
arriving by emergency ambulance, this might account
for some of the reduction in DTB time that our study
has identified. The main timings impacted by mode
of transport relate to processes within the ED such as
obtaining an ECG, with no impact on timings after
CVL activation. This suggests that there are workflows
within the ED pertaining to the patients arriving via
emergency ambulance that allow for speedier CVL
activation, and deeper analysis of the processes might
identify potential areas of improvement for patients
arriving via own transport. Notably, a prior study by
Lee et al. has suggested that door-to-ECG time is a
key in reducing DTB time.'” In their study, they
achieved a median door-to-ECG time of 5 minutes for
walk-in patients.

Low rates of emergency ambulance usage

Our study population had a low proportion of
STEMI patients who arrived via emergency ambulance.
Compared to an emergency ambulance usage rate
of 50-60% reported by national and international

studies,'"'? our study population had an ambulance
usage rate of 30.8%. This could be due to the National
Heart Centre Singapore being co-located with our
hospital. Existing patients on follow-up with the
specialist centre as well as patients who wish to
be treated there might opt to be transported via their
own transport, as there is public awareness that
emergency ambulances do not allow users to choose
their destination, and always convey patients to the
nearest hospital. This is an area that would benefit from
public education campaigns on the appropriate usage
of ambulances.

Other factors affecting DTB time

When we analysed other factors that impacted various
components of DTB time, we noted that presentation
after hours was associated with a longer DTB time,
which was largely related to longer timings after
activation of CVL. This is in agreement with a large
prospective observational study in England, which
showed that after-hours admission was associated
with a longer DTB time.'"® Our findings are unique
as we were able to break down the components
of DTB time to see which aspect was impacted. Based
on our findings, we recommend that departments
looking to improve after-hours DTB times focus on the
processes after CVL lab activation such as movement of
patients to the CVL as well as the call-back process
for on-call CVL personnel.
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Further research

Three areas would benefit from further research. Firstly,
exploring the reasons behind a patient’s choice of
transport to the hospital would guide the crafting and
delivery of public education campaigns. For example, a
lack of awareness might have contributed to a patient’s
decision to call an ambulance, and further research
would help us understand the extent of this problem.
Secondly, deeper analysis of the PCI process in the
hospital might identify the reasons for the slower door-
to-ECG time we identified among patients who came via
their own transport. Lastly, further studies on the impact
of reduced DTB time on long-term outcomes of the
patients should be conducted.

Limitations

This was not a randomised trial, and thus certain factors
such as presenting complaint or patient comorbidity
could have served as confounders. However, as inclusion
in the database required clear-cut ECG changes of
STEMI and the presence of symptoms, we believe that
this should have a fairly small effect.

Secondly, in our institution, the patient’s arrival time
(first time stamp) is created upon scanning their
identification at the screening area. For patients
arriving by ambulance, this is done concurrently by the
paramedics while the patient receives care (e.g. ECG,
assessment). For these cases, if the ECG time was before
the registration time, we recorded an ECG time of 0
minute (ECG on arrival). This might represent a source
of bias if the patient had delayed ECG but had an even
more delayed registration. We think this is unlikely to
present a large bias, as the registration process in our
institution is electronic, and unlikely to cause a long delay.

Thirdly, the SCDF ECG database might not be
complete, as for some cases, the prehospital ECG
might be transmitted prior to identification of the
patient. Subsequently, when the patient has been
identified and registered in the hospital, this prehospital
ECG is not linked retrospectively. As such, some of the
cases that were deemed not having a prehospital ECG
might have actually had one. We tried to mitigate this
by a medical record review as physicians document
prehospital ECG interpretation and CVL activation.

Fourthly, we did not have information on the patients’
clinical presentations, STEMI types, or long-term
follow-up. While the entire cohort had to present with
ECG changes and symptoms before being included,
patients with very typical symptoms might opt for
ambulance use, while others with milder/atypical
symptoms might opt for their own transport. More

subtle ECG changes might also affect the decision by
the provider to activate the CVL. These might be sources
of bias. Also, while we did not detect a difference
in inpatient mortality, outcome differences might be
present on long-term follow-up.

Lastly, while we were able to identify certain aspects
of DTB time that was affected by mode of transport and
time of arrival, the process of CVL activation is unique
to every institution and thus the findings might not be
generalisable. However, such a framework for studying
the process can still serve as a guidance to other
institutions looking to improve their DTB times.

CONCLUSION

For patients with STEMI undergoing PCI, arriving
via emergency ambulance is associated with shorter
DTB time. Mechanisms such as prehospital ECG
transmission and CVL activation could contribute to
this, but processes within the ED also account for part
of the reduction in DTB time. Considering that only a
third of patients with STEMI arrive via emergency
ambulance, public education is sorely needed to
increase awareness of STEMI symptoms and to utilise
emergency transportation when experiencing those
symptoms. Further studies that look into the various
processes in detail would be useful to guide measures
and workflows to improve DTB time, especially for
walk-in patients and patients who present after hours.
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Strategies for a successful hepatic artery anastomosis in liver transplantation:

A review of 51 cases
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ABSTRACT

Introduction: Hepatic artery reconstruction is a critical aspect of liver transplantation. The microsurgeon
faces several challenges when reconstructing the hepatic artery—the donor hepatic artery stalk is short
and often a poor match for the usually hypertrophic recipient vessels. Previous inflammation impedes
vessel dissection, and recipient vessels have a tendency to delaminate with manipulation. We review 51
consecutive liver transplantations to highlight these problems and propose strategies for a successful
reconstruction of the hepatic artery.

Methods: A prospective study involving all adult patients undergoing liver transplantation at the
Singapore General Hospital from January 2015 to December 2018 was undertaken. All hepatic artery
anastomoses were performed by 2 microsurgeons at 10x magnification. Patients were started on a
standard immunosuppressive regimen. Postoperative ultrasound scans on days 1, 3, 5, 7, 9 and 14
were used to confirm arterial patency.

Results: There were 51 patients who underwent liver transplantation during the study period. Of this
number, 31 patients received deceased donor grafts and 20 received living donor grafts. A total of 61
anastomoses were performed (5 dual anastomosis, 4 radial artery interposition grafts) with 1 case of
hepatic artery thrombosis that was successfully salvaged. The mean (range) postoperative resistive
index and hepatic artery peak systolic velocity were 0.69 (0.68-0.69) and 1.0m/s (0.88-1.10m/s),
respectively.

Conclusion: Hepatic artery thrombosis after liver transplantation is poorly tolerated. The challenges
of hepatic artery reconstruction in liver transplantation are related to vessel quality and length. The use
of microsurgical technique, appropriate recipient vessel selection, minimisation of vessel manipulation
with modified instruments, variation in anastomosis techniques, and use of radial artery interpositional

grafts are useful strategies to maximise the chances of success.

Ann Acad Med Singap 2021;50:679-85
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INTRODUCTION

Liver transplantation is a life-saving procedure for
patients with chronic end-stage liver disease, and selected
patients with acute liver failure. While 75% of total blood
flow into the liver comes from the portal vein, the sole
supply of oxygenated blood to the biliary system comes from
the hepatic artery.! A patent hepatic arterial anastomosis
is critical in liver transplantation as thrombosis can result
in ischaemia of the bile duct, presenting as biliary leak
and resulting in eventual liver failure. Hepatic artery
thrombosis leads to retransplantation in 50-75% of
patients, with a mortality rate approaching 50%.>

While the introduction of microsurgical techniques has
been instrumental in decreasing the rate of hepatic artery
thrombosis, the microsurgeon faces unique challenges
when reconstructing the hepatic artery. Firstly, the
donor hepatic artery stalk is short, and of small calibre,
mismatching with the recipient vessels. Secondly,
previous peritonitis may render the coeliac axis fibrotic,
impeding vessel dissection. Thirdly, a high proportion
of patients undergoing liver transplantation have liver
steatosis and atherosclerosis, or vessels that have been
subjected to transarterial chemoembolisation (TACE),
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CLINICAL IMPACT

What is New

* The challenges in hepatic artery reconstruction
in liver transplantation are related to a mismatch in
vessel size between donor and recipient hepatic
arteries, and poor quality of recipient vessels.

* A multispecialty approach using modified
operating instruments, meticulous microsurgical
operating techniques, and interpositional arterial
grafts can help maximise the long-term patency of
the reconstructed hepatic artery.

Clinical Implications

®* These solutions are particularly applicable to
patients in Singapore, whose recipient vessels tend
to be smaller and are more affected by previous
transarterial interventions or atherosclerosis.

resulting in vessel walls that are fragile (Fig. 1). In this
series of 51 patients, we aim to highlight these challenges
and discuss our surgical strategies for a successful
anastomosis.

METHODS

A review was conducted of all adult patients who
underwent deceased or living donor liver transplantation
at the Singapore General Hospital from January 2015
to December 2018. All hepatic artery anastomoses were
performed with the aid of an operating microscope by
2 surgeons. Demographic and operative data collected
were age, indication for transplantation, type of
transplantation, artery calibre and recipient vessel.
Outcome data collected were postoperative hepatic
artery resistive indices and peak systolic velocities
at postoperative days 1, 3, 5, 7, 9 and 14, and any
occurrence of biliary leak or hepatic artery thrombosis
was recorded. Patients were on a standardised
immunosuppression regimen in accordance with the
department liver transplant protocol.

Surgical technique

Following hepatectomy and inset of the donor liver, the
liver transplant surgeons proceeded with reconstitution
of the hepatic vein and portal vein. This was followed
by anastomosis of the hepatic artery by the plastic
surgery team, and subsequent biliary reconstruction
by the transplant team. The operating microscope,
positioned at the patient’s left, was used for all hepatic
artery anastomosis. Utilising a moist penny towel and

a Thompson retractor, the donor liver was retracted
superiorly to expose the recipient vessels. A second
assistant, standing at the patient’s left side, manually
retracted any protrusive loops of bowel with a moist
penny towel. Vessel preparation and anastomosis were
performed at 10x magnification. To obtain a linear
arteriotomy, the recipient vessel was supported on an
angled cutting platform, and an 11 blade, mounted on
an angled blade holder, was used to trim/incise the
vessel. The vessel edge was freshened (but not
skeletonised) before the arterial wall was coapted in
2 layers. The sutures used for anastomosis were 8/0,
and the repair was reinforced with interrupted 9/0
adventitial stitches. Fibrin sealant was applied over the
anastomosis to reinforce the watertight seal and also to
fix the lie of the vessel. Intraoperative duplex ultrasound
was used to confirm patency of the anastomosis.

RESULTS

There were 51 patients who underwent liver transplantation
(Table 1). The mean (range) age was 58 (41-71)
years and 69% of the patients were men (n=35). The
most common indications were chronic hepatitis,
non-alcoholic steatohepatitis and primary biliary
cirrhosis.

There were 31 patients who received deceased donor
liver grafts (DDLT) and 20 received living donor liver
grafts (LDLT). The mean DDLT graft weight was
1,353.3g, while the mean LDLT graft weight was
570.5g. The most common recipient artery was the
left or right hepatic artery (n=31), followed by the
common hepatic artery (n=10) and gastroduodenal artery
(n=4). Dual anastomoses were performed in 5 cases
and radial artery interpositional grafts utilised in
4 cases. An end-to-end anastomosis was performed
by default; an end-to-side technique was employed in
2 cases due to calibre mismatch. The average time for
a single arterial anastomosis was 75min. The mean
(range) postoperative resistive index and hepatic artery
peak systolic velocity were 0.68m/s (0.68-0.79) and
0.98m/s (0.86—1.06). One patient developed hepatic
artery thrombosis on postoperative day 5. This was
detected on ultrasound surveillance, confirmed on
computed tomographic angiography, and successfully
salvaged with arterial thrombectomy and the use
of a radial artery interpositional graft. During the
study period, 3 patients died from unrelated causes
(sepsis: n=2, 9 months and 22 months post-transplant;
recurrent hepatocellular carcinoma: n=1, 7 months
post-transplant). Two patients developed postoperative
biliary stenosis that was successfully treated with biliary
stenting. In both cases, ultrasound sonography showed
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Table 1. Patient demographics

Table 2. Outcome data recorded

Characteristics N=51 Complications No. of patients
Sex Hepatic artery thrombosis 1*
Female 16 Biliary stenosis 20
Male 35 Mortality
Age Sepsis 2¢
Age, mean (range), years 58 (41-71) Recurrent hepatocellular carcinoma il
Diagnosis Postoperative day number Peak systolic velocity,
mean (range), m/s

Hepatitis B or C 23

1 1.06 (0.15-3.12)
Non-alcoholic steatohepatitis 11

3 0.86 (0.20-3.05)
Primary biliary cirrhosis 5

5 0.95 (0.28-2.36)
Hepatocellular carcinoma 4

9 1.00 (0.23-2.13)
Alcoholic liver disease 3

14 1.06 (0.15-3.12)
Others 5

Postoperative day number Resistive index,
Transplant type mean (range)
Living donor grafts 18 1 0.68 (0.33-0.97)
Deceased donor liver grafts 31 3 0.69 (0.30-0.97)
Graft weight, mean, g 5 0.69 (0.41-0.84)
Living donor grafts 570 9 0.69 (0.40-0.82)
Deceased donor liver grafts 1353 14 0.69 (0.45-0.88)

normal resistive indices and triphasic intrahepatic
arterial flow, indicating patency of the hepatic artery
anastomosis (Table 2).

DISCUSSION

In this series of 51 patients, we draw special attention to the
microsurgical challenges of hepatic artery reconstruction
in liver transplantation. The problems related mainly to
vessel adequacy (length, calibre and thickness mismatch)
and vessel quality (vessel fibrosis and a preponderance for
intimal separation).

Problem 1: Calibre and thickness mismatch

Some degree of vessel mismatch is always anticipated
as patients with liver cirrhosis develop hypertrophy
of the coeliac axis from chronic portal hypertension.
The difficulties of working with a short vessel stump,
particularly with LDLT, are compounded by the deep
cavity wherein the recipient vessels reside.

The ideal recipient artery should have adequate length,
minimal fibrosis and a good pressure head. The left or
right hepatic artery is our first choice. Arising from
the bifurcation of the proper hepatic artery at or just

*postoperative day 5, salvaged

®hepatic artery Doppler ultrasound normal
¢9 months and 22 months post-transplant
47 months post-transplant

proximal to the porta hepatis, the mean diameter of
these vessels in our study population was 2.3mm,
making them a good size match for donor vessels up
to the level of the proper hepatic artery. For larger
calibre donor vessels, the bifurcation of the left and
right hepatic arteries at the proper hepatic artery, or the
take-off of the splenic artery can be used.

If the hepatic arteries are fibrotic or delaminated, the
coeliac axis offers several alternatives. The common
hepatic artery, arising from the coeliac axis, runs
superolaterally along the upper border of the pancreas
to the left side of the portal vein, before splitting into
the gastroduodenal artery and the proper hepatic artery.
With a mean diameter of 4.2mm, the common hepatic
artery is useful if the donor pedicle is large, with
some redundancy. In our series, it was used in DDLT
(n=10), where the donor graft was procured at the level
of the coeliac trunk or common hepatic artery, or in
conjunction with the gastroduodenal artery as part of a
dual anastomosis (n=3).
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The gastroduodenal artery is a useful option in patients
who have undergone transarterial chemoembolisation
as these vessels are spared during treatment. It can also
be used in conjunction with the common hepatic artery
in a dual anastomosis configuration (n=3) for large
grafts. A branch of the common hepatic artery, it
passes inferiorly towards the first part of the duodenum,
and bifurcates into the right gastroepiploic and superior
pancreaticoduodenal artery. The mean diameter of the
gastroduodenal artery was 3.2mm in our series. If a
larger calibre is required, the bifurcation of the
gastroduodenal artery at the common hepatic artery is
the preferred location for the anastomosis. The vessel
should be prepared carefully as aggressive dissection
can cause injury or devascularisation of the pancreatic
head.

Other recipient vessels that have been employed
included the right gastroepiploic artery® and the distal
abdominal aorta (in conjunction with a donor iliac artery
vascular graft).* If the donor stump is small but of sufficient
length, end-to-side anastomosis can be performed to
overcome calibre mismatch. A slit arteriotomy is used,
in contrast with a traditional excision type arteriotomy,
as it is mechanically advantageous® and minimises
vessel manipulation.

Problem 2: Short vessel stump

In the situation where vessel size and length are
inadequate, a radial artery interpositional graft is used
as a vascular funnel. With a mean diameter of 4mm, it
serves as a bridge between donor recipient vessels that
are severely mismatched (Fig. 2) while allowing for
a tension-free anastomosis. Preoperatively, previous
percutaneous vascular interventions (intra-arterial blood
pressure monitoring, access for coronary angioplasty)
should be noted and Allen’s test performed.

The radial artery is palpated or traced using Doppler
scanning along its axis, just deep to the flexor carpi
radialis (FCR). Under tourniquet control, a Scm incision
is made on the radial forearm. The FCR is retracted
radially to expose the radial artery and a 5—8cm segment
is harvested. The graft is clamped proximally and
flushed through with heparinised saline to check for
leaks before the distal anastomosis, at the donor graft, is
performed on the back table. In our series, radial artery
interpositional grafts were used in 4 cases of LDLT in an
end-to-end configuration. In 3 patients, artery grafting
was performed primarily to overcome a short donor
stump, while in 1 patient who underwent previous
TACE, it was performed as a secondary procedure
following the development of hepatic artery thrombosis
on postoperative day 5.

The use of saphenous® and common iliac vein grafts’
have been reported, but they have been associated with
thrombosis rates of up to 23.8%.% Moreover, in our
estimation, arterial grafts were a better match for the
hepatic artery as vein grafts were less suited for the
transmission of high arterial pressures.

Problem 3: Poor recipient vessel quality

Due to previous transarterial chemoembolisation,
peritonitis or atherosclerosis, the recipient vessels of
patients undergoing liver transplantation are fragile, with
a tendency to tear or delaminate with manipulation.

To preserve vessel integrity, handling of the adventitia
and vessel skeletonising should be minimised during
preparation. This process is greatly facilitated with the
use of angled instruments (Fig. 3). The vessel is
positioned on a cutting platform that is fashioned from
a 60-degree angulated steel blade. The microsurgical
assistant steadies this buttress while the primary
surgeon uses an 11 blade, mounted at a similar angle,
to incise the vessel edge in a guillotine fashion. Unlike
reusable instruments, the edge of the disposable blade is
guaranteed, producing a crisp, uniform vessel edge in a
single pass, with minimal disruption of the intima.

Anastomotic techniques specific to hepatic artery
reconstruction

Anastomotic leak is poorly tolerated as the underlying
coagulopathy and high driving pressures across the
anastomosis may herald postoperative haematoma.
We have modified our suture technique to minimise
anastomotic leak.

Far and near stitching

A staggered stitching technique was employed in vessels
that have previously undergone chemoembolisation.
Due to excessive friability, a linear line of perforations
in the vessel wall has a tendency to fissure (Fig. 4).
To circumvent this, interrupted stitches were taken at
varying distances from the vessel edge to produce a
staggered suture line.

Intimal tagging

In cases where intimal dissection had occurred and
further cutback of the vessel was not feasible, the intima
was tagged down to the tunica media by passing the
suture intraluminally to extraluminally, past the point of
separation. If dissection had occurred in both donor and
recipient vessels, a double arm suture was used, and the
suture introduced intraluminally on both sides, directed
past the area of delamination and thence through the
vessel wall (Fig. 5).
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Adventitial stitches

Following completion of the anastomosis with 8/0 or
9/0 suture, reinforcing 9/0 or 10/0 adventitial stitches
were applied before the anastomosis was secured with
application of fibrin sealant. These external stitches
sealed any gaps which may only become evident
following release of the vessel clamps.

Case examples
We discuss 4 case examples from our series.

Case 1: Living donor liver transplant
Problem: Short stump

Solution: Radial artery graft

A 7l1-year-old man with multifocal hepatocellular
carcinoma (HCC) secondary to chronic hepatitis B
and a model for end-stage liver disease (MELD) score
of 20 underwent LDLT. The graft weight was 661g. The
stump of the donor hepatic artery was 6mm, necessitating
the use of a radial artery interposition graft in order
for end-to-end anastomosis to the recipient common
hepatic artery. The donor anastomosis was performed
on a benchtop before the radial artery was anastomosed
to the recipient common hepatic artery. Postoperatively,
he developed a biliary anastomotic leak that was
managed successfully with endoscopic stenting.
Surveillance ultrasound confirmed patent arterial flow

Fig. 1. Pathological condition of atherosclerotic and chemoembolised
vessels. Centre: The presence of intimal plaque in atherosclerotic
vessels results in a tendency for intimal separation. Right: Previous
chemoembolisation renders vessels fibrotic with pan-vessel oedema
and fragility.

Fig. 2. The radial artery graft (4mm mean diameter) acts as a vascular
funnel in cases of severe mismatch, while allowing for a tension-free
anastomosis.

with normal resistive indices. He was discharged well
6 weeks postoperatively.

Case 2: Living donor liver transplant
Problem: Vessel mismatch

Solution: End-to-side anastomosis

A 63-year-old man with non-alcoholic steatohepatitis-
induced cirrhosis and a MELD score of 18 underwent
LDLT. A 3:1 size mismatch between the recipient left
hepatic artery and donor common hepatic artery
branch was noted, necessitating the use of end-to-side
anastomosis technique. Postoperative duplex ultrasound
showed patent inflow and normal resistive indices. He
was discharged well on day 19 postoperatively (Fig. 6).

Case 3: Living donor liver transplant

Problem: Previous TACE with poor vessel quality, hepatic
artery thrombosis

Solution: Salvage with radial artery graft

A 56-year-old man with recurrent HCC despite 4
previous sessions of transarterial chemoembolisation
and radio frequency ablation underwent LDLT. A 2:1
mismatch in vessel size was overcome with standard
microsurgical technique, and end-to-end anastomosis
between the recipient left hepatic artery and donor right
hepatic artery was performed. Initial postoperative

Fig. 3. Angled cutting platform. Angled instruments facilitate
vessel preparation and the use of a disposable 11 blade guarantees
a sharp cutting edge.
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Linear suture line with
increased risk for fissure

Staggered suture line
reduces risk of fissure

Fig. 4. Far-and-near stitching. Left: A linear line of sutures has a tendency to
cause fissuring. Right: Interrupted stitches can be taken at variable distances
from the vessel edge to create a staggered suture line.

Intimal tagging
Single arm

Intimal tagging
Double arm

L L J

Fig. 5. Intimal tagging sutures. Left: The suture is taken past the point of
delamination to tag it down to the tunica media. Right: If both recipient
and donor vessels have delaminated, a double arm suture is used.
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Fig. 6. Living donor liver transplant. Intraoperative photograph showing how a 3:1 vessel calibre mismatch between the
recipient left hepatic artery and donor common hepatic artery was overcome. Left: An end-to-side anastomosis was
performed. Right: Postoperative ultrasonography showed good flow with a resistive index of 0.77.
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Fig. 7. Living donor liver transplant in a patient with previous transarterial chemoembolisation and radiofrequency
ablation. Left: Anastomotic thrombosis was salvaged with an interpositional radial artery graft on postoperative day 5.
Right: Post-salvage ultrasonography showed good flow with a resistive index of 0.67.
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Fig. 8. Deceased donor liver transplant using a large donor liver (1,500g). Two separate inflows were created to improve
global perfusion. Left: The main inflow was through the common hepatic artery (right arrow), and a second inflow created
through the gastroduodenal artery (left arrow) supercharged the graft. Right: The postoperative ultrasonography showed

good flow with a resistive index of 0.68.
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Doppler ultrasound showed a downtrending resistive
index of 0.62—0.53. On postoperative day 5, the hepatic
arteries were not identifiable on Doppler ultrasound.
A computed tomography (CT) angiogram confirmed
complete thrombosis of the hepatic artery. On
investigation, it was found that the posterior vessel
wall had delaminated during placement of the posterior
stitch. Following unsuccessful balloon thrombectomy,
the decision was made to use the gastroduodenal artery
with a radial artery interposition graft. CT angiography
on day 16 post-revision confirmed a patent anastomosis
with enhancement of small calibre intrahepatic arteries.
The patient was transferred to a rehabilitation hospital
1 month postoperatively (Fig. 7).

Case 4: Deceased donor liver transplant
Problem: Large graft size (>1,000g)

Solution: Dual anastomosis

A 60-year-old woman with acute on chronic hepatitis
B flare and fulminant liver failure underwent DDLT.
The donor graft was 1,583g. In view of the significant
size of the graft, dual end-to-end anastomosis between
the right hepatic artery to the recipient gastroduodenal
artery, and left hepatic artery to the recipient common
hepatic artery was performed. Postoperative Doppler
ultrasound showed patent intrahepatic arterial flow and
normal resistive indices. The patient was discharged
well on day 21 postoperatively (Fig. 8).

CONCLUSION

Hepatic artery thrombosis after liver transplantation is
poorly tolerated with high morbidity and mortality.

The challenges of hepatic artery reconstruction in
liver transplantation are related to vessel quality and
adequacy. Recipient vessel selection, radial artery
interpositional grafts, selective vessel manipulation and
variations in anastomosis technique are useful strategies
to maximise the chances of success.
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ABSTRACT

Introduction: Acute respiratory distress syndrome (ARDS) in COVID-19 is associated with a high
mortality rate, though outcomes of the different lung compliance phenotypes are unclear. We aimed to
measure lung compliance and examine other factors associated with mortality in COVID-19 patients
with ARDS.

Methods: Adult patients with COVID-19 ARDS who required invasive mechanical ventilation at 8
hospitals in Singapore were prospectively enrolled. Factors associated with both mortality and differences
between high (<40mL/cm H,0) and low (<40mL/cm H,0) compliance were analysed.

Results: A total of 102 patients with COVID-19 who required invasive mechanical ventilation were
analysed; 15 (14.7%) did not survive. Non-survivors were older (median 70 years, interquartile
range [IQR] 67-75 versus median 61 years, IQR 52-66; P<0.01), and required a longer duration of
ventilation (26 days, IQR 12-27 vs 8 days, IQR 5-15; P<0.01) and intensive care unit support
(26 days, IQR 11-30 vs 11.5 days, IQR 7-17.3; P=0.01), with a higher incidence of acute kidney injury
(15 patients [100%] vs 40 patients [46%]; P<0.01). There were 67 patients who had lung compliance
data; 24 (35.8%) were classified as having high compliance and 43 (64.2%) as having low compliance.
Mortality was higher in patients with high compliance (33.3% vs 11.6%; P=0.03), and was associated
with a drop in compliance at day 7 (-9.3mL/cm H,O (IQR -4.5 to -15.4) vs 0.2mL/cm H,0 (4.7 to -5.2)
P=0.04).

Conclusion: COVID-19 ARDS patients with higher compliance on the day of intubation and a
longitudinal decrease over time had a higher risk of death.
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CLINICAL IMPACT

What is New

* Aportion of COVID-19 ARDS patients can
present with high lung compliance following
endotracheal intubation.

* This study shows that mechanically ventilated
COVID-19 patients who had high initial lung
compliance that subsequently decreased during
their intensive care unit stay had an increased
risk of mortality.

Clinical Implications

* Patients with COVID-19 ARDS may initially have
high compliance, which can deteriorate over time.

* Lung ventilation strategies have to be adapted
and monitored to manage COVID-19 patients
with ARDS who show high initial lung compliance
upon intubation.

INTRODUCTION

In December 2019, the city of Wuhan in China was the
centre of a pneumonia outbreak caused by an unknown
agent.'” It was subsequently discovered to be a novel
betacoronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2),* while the resulting
clinical disease has been known as coronavirus
disease 2019 (COVID-19). Since then, SARS-COV-2
has spread around the world, resulting in over 219
million cases of COVID-19 and more than 4.5 million
deaths as of 20 September 2021.

It is estimated that 15-30% of hospitalised
COVID-19 patients develop critical illness and require
either non-invasive or invasive respiratory support.'-*
The need for invasive ventilation due to acute
respiratory distress syndrome (ARDS) in COVID-19
patients is associated with high mortality, with rates
of up to 48-65% in reports from Wuhan.'*¢ High rates
were similarly observed in other countries.>’”” In
comparison, reported mortality rates for non-COVID-19
ARDS range from 35-46%.!° One possible explanation
proposed for the higher mortality includes atypical
pulmonary physiology observed in ARDS patients
with COVID-19."" It has been reported that 70%
of intubated Italian patients had preserved lung
compliance, despite severe hypoxaemia.!! This has
been described as a high compliance phenotype—
associated specifically with COVID-19—compared to
the more familiar ARDS phenotype where compliance
is low.'12

Recognition of different ARDS phenotypes may have
clinical relevance, since they may respond differently to
the same ventilator settings, leading to different
outcomes.'>!? Heterogeneity within non-COVID-19
ARDS patients has previously been described—Iatent
class analysis identified 2 distinct phenotypes based on
inflammatory profiles in well-defined clinical cohorts.!
However, lung compliance data were not assessed.

The differences between COVID-19 patients with
high and low compliance phenotypes have not been
well described within the literature, and the impact
of ventilation strategy on the outcomes among the 2
groups has also not been documented. Such data is
necessary for informed phenotype-specific ventilatory
management.'? In this prospective case series of
intubated COVID-19 patients in Singapore, we aimed
to investigate factors that affect mortality in patients
with COVID-19 ARDS and the implication of lung
compliance phenotypes on mortality.

METHODS

Study population

All adult patients with COVID-19 ARDS who required
invasive mechanical ventilation were enrolled from 23
January to 11 May 2020, and followed up prospectively.
COVID-19 diagnosis was confirmed by SARS-CoV-2
real-time polymerase chain reaction as previously
described.!® Patients were isolated and managed in the
intensive care units (ICUs) of 8 public hospitals with
negative pressure facilities. Collection of deidentified
clinical data and waiver of written informed consent
were approved by the Ministry of Health, Singapore
under the Infectious Disease Act.

Data collection

We collected epidemiological data (age, sex, ethnicity,
clinical symptoms and comorbidities), laboratory results
on hospital admission and ICU transfer (haemoglobin,
leukocyte, neutrophil, lymphocyte and platelet counts;
lactate dehydrogenase, C-reactive protein, creatinine
and arterial blood gas levels), fraction of inspired
oxygen (FiO,) concentration, radiological findings,
ventilator mechanics (modes of ventilation, plateau
pressures, positive end-expiratory pressures [PEEPs]
and tidal volumes) and supportive therapy (oxygen
therapy, dialysis and vasopressors) for all patients
admitted to ICU. Data collection was completed on
18 May 2020 and outcomes were collated on 1 June
2020. Two researchers individually reviewed the data
forms, and inconsistent or missing data were clarified
with site investigators. If inconsistencies were not
resolved, the patient’s data were rejected and not analysed.
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Definitions

We defined the date of onset of disease as the first day
of symptoms reported by the patient. We defined ARDS
and their severity according to the Berlin criteria,'
and acute kidney injury in accordance with the Kidney
Disease: Improving Global Outcomes (KDIGO)
guidelines.”

Patients were managed using a lung protective
strategy, as defined by the Acute Respiratory Distress
Syndrome Clinical Network (ARDSnet) guidelines
(i.e. targeting plateau pressures below 30cm H,O by
keeping tidal volume settings between 4 and 8mL/kg of
predicted body weight). Driving pressure was defined
as the difference between plateau pressure and PEEP.
Plateau pressures were acquired by performing an end-
inspiratory breath hold manoeuvre, with the patient
either on neuromuscular blockers or deep sedation to
prevent spontaneous respiration. This was done within
the first 12 hours of ventilation and was repeated based
on the discretion of the treating physician.

High compliance phenotype was defined as a static
compliance of <40mL/cm H,O while low compliance
was defined as a static compliance of <40mL/cm H,O
as previously described.!'®!'® In this study, static
compliance was calculated using exhaled tidal volumes
divided by the driving pressure.

Statistical analysis

The group characteristics, respiratory physiological
parameters, and outcomes in all patients were analysed.
The difference in outcomes between the high and low
compliance phenotypes were evaluated. Continuous
variables were expressed as mean (standard deviation
[SD]) or median (interquartile range [IQR]) depending

Table 1. Patient demographics, comorbidities and lab investigations

on distribution, and categorical variables were
expressed as frequency and percentage. We compared
differences for continuous variables using two-sample
t-test or Wilcoxon rank-sum test depending on the
distribution, and chi-square test or Fisher’s exact test for
categorical variables. Logistic regression was used to
adjust for factors associated with death and the high and
low compliance phenotype. We used an agnostic approach
to determine the covariates included in the model,
performing forward variable selection with the likelihood
ratio test to add covariates one at a time. At each variable
selection step, the most significant covariate that was not
in the current model was added if its P value was <0.05.
No further covariates were added if the remaining
covariates had P values >0.05. Tests were two-sided
with significance level set at <0.05. Analyses were
performed using MedCalc statistical software version
19.1.7 (MedCalc Software Ltd, Ostend, Belgium) and
STATA version 13.1 (StataCorp, College Station, US).

RESULTS

Baseline characteristics

There were 102 patients with confirmed COVID-19
who required invasive ventilation in the ICU between
23 January and 11 May 2020. The median age was 62
years (IQR 54-68), 75 (73.5%) were male and the
median body mass index was 26 (IQR 23.3-30.5).
There were 64 (62.8%) patients with hypertension, 52
(51%) with hyperlipidaemia, 38 (37.3%) with diabetes
mellitus and 17 (16.7%) with ischaemic heart disease.
A total of 15 (14.7%) patients had a fatal outcome. There
was no difference in baseline demographics, comorbidities
and baseline lab investigations between survivors and
non-survivors (Table 1).

Total patients Survivors Non-survivors P value
(N=102) (n=87) (n=15)
Demographics
Age, median (IQR), years 62 (54-68) 61 (53—66) 70 (64-75) <0.01
Male, no. (%) 75 (73.5) 62 (71.3) 13 (86.7) 0.34
BMI, median (IQR), kg/m? 26 (23.2-30.6) 26 (23.4-30.7) 26.3 (22.7-28) 0.29
Race, no. (%)
Chinese 62 (60.8) 54 (62.1) 8(53.3) 0.52
Malay 17 (16.7) 16 (18.4) 1(6.7) 0.46
Indian 10 (9.8) 7 (8.0) 3(20) 0.16
Others 13 (12.7) 10 (11.5) 3(20) 0.40
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Table 1. Patient demographics, comorbidities and lab investigations (Cont’d)
Total patients Survivors Non-survivors P value
(N=102) (n=87) (n=15)
Comorbidities, no. (%)
Hypertension 64 (62.7) 55(63.2) 9 (60) 0.81
Diabetes mellitus 38(37.3) 32 (36.8) 6 (40) 0.81
Hyperlipidaemia 52 (51) 45 (51.7) 7 (46.7) 0.72
Ischaemic heart disease 17 (16.7) 12 (13.8) 5(33.3) 0.13
Cerebrovascular accident 5(4.9) 5(5.7) 0 1.00
Congestive cardiac failure 4(3.9) 4(4.5) 0 1.00
Cancer 8(7.8) 6(6.9) 2(13.3) 0.33
Chronic obstructive pulmonary disease 3(2.9) 3(3.4) 0 1.00
Asthma 43.9) 3(3.4) 1(6.7) 0.48
Severity scores, median (IQR)
APACHE II 14 (10-22) 14 (10-22) 13.5(10.8-20.3) 0.93
SOFA 4(2-7) 4(2-8) 3(2.84.3) 0.01
Lab investigations, median (IQR)
White cells, x10°/L 7.8 (5.6-10.2) 8.1 (6.1-10.1) 5.7 (3.4-12.7) 0.47
Neutrophils, x10%/L 6.2 (3.9-8.5) 6.6 (4.3-8.5) 4.2 (2.7-10.2) 0.09
Lymphocytes, x10°/L 0.78 (0.57-1.14) 0.79 (0.59-1.2) 0.61 (0.5-0.9) 0.07
Haemoglobin, mg/dL 13.3 (12.1-14.2) 13.1 (12-14.1) 13.5 (12.6-14.6) 0.34
Platelets, x10°/L 223 (161-288) 223 (164-291) 203 (128-259) 0.41
C-reactive protein, mg/dL 140.8 (81.9-192) 141 (81.6-198.3) 129 (91.1-161) 0.74
Procalcitonin, pg/L 0.31 (0.13-0.69) 0.31 (0.13-0.71) 0.29 (0.11-0.44) 0.47
Creatinine, pmol/L 82 (64-100) 79.5 (62.5-100) 91 (72-107) 0.34
Lactate dehydrogenase, U/L 675 (449-919) 658 (433-891) 721 (517-1161) 0.22
Albumin, g/L 33 (30-36) 33 (30-36) 33 (30-35) 0.34
Alanine transaminase, U/L 39 (24-60) 40 (24-83) 36 (25-44) 0.41
Aspartate aminotransferase, U/L 51 (38-74) 50.5 (37.5-81.3) 55.5 (34-67.5) 0.50
Alkaline phosphatase, U/L 84 (59-108) 85 (61-118) 61 (55-90) 0.12
Outcomes, no. (%)
Shock 59 (57.8) 52(59.8) 7 (46.7) 0.34
Cardiac event® 23 (22.5) 17 (19.5) 6 (40) 0.08
Ventilator associated pneumonia 36 (35.3) 27 (31) 9 (60) 0.03
Pneumothorax 5(@4.9) 5(5.7) 0 1.00
Extracorporeal membrane oxygenation 5(4.9) 3(3.4) 2(13.3) 0.24
Acute kidney injury 55(53.9) 40 (46.0) 15 (100) <0.01
Dialysis 30(29.4) 16 (20.3) 14 (93.3) <0.01

APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: body mass index; IQR: interquartile range; SOFA: sequential organ failure score

# Non-ST-elevated myocardial infarction, type 2 myocardial infarction or atrial fibrillation
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Table 2. Oxygen requirements prior to intubation, patients’ severity of ARDS, lung ventilation mechanics and mortality outcomes of patients with

compliance data

Total High compliance Low compliance P value
(N=67) (n=24) (n=43)

Oxygen delivery prior to intubation

Nasal cannula, no. (%) 10 (15.2) 5(20.8) 5(11.6) 0.48
Venturi mask, no. (%) 19 (28.8) 8(33.3) 11 (25.5) 0.54
Non-rebreather mask, no. (%) 20 (30.3) 6 (25) 14 (32.5) 0.48
High-flow nasal cannula, no. (%) 22 (32.8) 6 (25) 16 (37.2) 0.31
PaO,/FiO, prior to intubation® 128 (85-170) 145 (112-183) 112 (76-161) 0.05
PaO,/FiO, after intubation® 175 (138-223) 166 (137-226) 176 (138-220) 0.53
Patients’ severity of ARDS, no. (%)

Mild ARDS 23 (34.3) 10 (41.7) 13 (30.2) 0.35
Moderate ARDS 36 (53.7) 13 (54.2) 23 (53.5) 0.96
Severe ARDS 8 (11.9) 1(4.2) 7(16.3) 0.24
Lung ventilation mechanics

Positive end-expiratory pressure, cm H,0* 12 (10-14) 12 (10-13.5) 10 (10-14) 0.94
Tidal volume, mL/kg* 6.4 (6-7) 6.5 (6-7.3) 6.3 (5.9-6.9) 0.53
Plateau pressure, cm H,0* 24 (20-26) 20 (18-22) 25 (23-28) <0.01
Driving pressure, cm H,0* 11 (9-14) 8 (8-10) 13 (12-15) <0.01
Compliance, mL/cm H,0* 35(28.5-46.8) 50 (46-55.9) 30 (25.1-34.6) <0.01
Days on ventilator® 12 (6-22) 12 (6-27) 11 (5-17) 0.32
Prone, no. (%)° 38 (57.6) 16 (66.7) 22 (52.4) 0.26
Neuromuscular blockade, no. (%)¢ 50 (75.8) 19 (79.2) 31(73.8) 0.63
Tracheostomy, no. (%) 10 (14.9) 3(12.5) 7(16.3) 1.00
Non-survivors, no. (%) 13 (19.4) 8(33.3) 5(11.6) 0.03

ARDS: acute respiratory distress syndrome

* Values expressed as median (interquartile range)

®Received prone ventilation to manage respiratory failure

¢Received neuromuscular blockade agents to manage respiratory failure

Non-respiratory complications

A large proportion of patients developed organ
dysfunction with 55 (53.9%) diagnosed with acute kidney
injury; renal replacement therapy was required in 30
(29.4%) patients (Table 1). A total of 23 (22.5%)
patients had cardiac complications during the ICU
stay, 6 (5.8%) diagnosed with non-ST elevation acute
myocardial infarction, 5 (4.9%) with type 2 myocardial
infarction and the remaining 12 (11.7%) with probable
myocarditis. Echocardiograms were done for 24 patients
with no significant abnormality detected except for right
ventricular wall motion abnormalities in 1 patient. There
were 12 (11.7%) patients with shock requiring multiple
inotropes, while 47 (46%) required short-term inotrope
use mainly around the time of intubation. The incidence

of confirmed thrombotic events was low; 2 (1.9%)
patients were diagnosed with ischaemic cerebrovascular
accidents, 2 (1.9%) with deep venous thrombosis and
none with pulmonary embolism, with 10 computed
tomography (CT) pulmonary angiograms done to
exclude the diagnosis.

Lung compliance

Lung compliance data were available for 67 patients;
24 (35.8%) were classified as having a high compliance
phenotype and 43 (64.2%) as having a low compliance
phenotype. Among the total of 102 patients with
confirmed COVID-19 who required invasive ventilation
in the ICU, 21 were excluded because no lung
compliance data was available. Nine patients did not
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meet ARDS criteria post-intubation, and the PaO,/FiO,
(PF) ratio was not assessed after intubation in 5 patients,
who were also excluded from the analysis.

Patients with high compliance were significantly
older than those in the lower compliance group (median
67 years [IQR 59-71] vs median 58 years [IQR 51-64];
P<0.01), but there were no other significant differences
with regards to demographics, symptoms, days from
the development of clinical symptoms to intubation and
laboratory results between the 2 groups (Supplementary
Online Table 1).

After intubation, the median PF ratio between the 2
groups were not significantly different (low compliance:
166 [IQR 137-226] vs high compliance: 176 [IQR
138-220]; P=0.53), but plateau and driving pressures
were higher in patients with low compliance (Table 2).
Lung compliance data were available on day 7 after
intubation for 29 patients, allowing assessment of
longitudinal changes. Patients who were classified as
having low compliance had no significant change at
day 7 (1.8mL/cm H,O [IQR -4.9 to 3.1], n=17). However,
there was a significant reduction for patients initially
classified as having high compliance (-10.5mL/cm H,0,
[IQR -4.9 to -18.15], n=12; P=0.01) (Fig. 1).

Outcomes

There were 87 patients who were extubated and discharged
from the ICU, and 15 (14.7%) had a fatal outcome. Non-
survivors were older (median 70 years, IQR 67-75 vs
median 61 years, IQR 52-66; P<0.01), stayed on the
ventilator longer (26 days, IQR 12-27 vs 8 days, IQR
5-15; P<0.01), stayed in the ICU longer (26 days, IQR
11-30 vs 11.5 days, IQR 7-17.3; P=0.01) and a higher
proportion had acute kidney injury (15 patients [100%]
vs 40 [46%]; P<0.01). Non-survivors received high-flow
nasal oxygen before intubation (8 patients [53.5%] vs 16
[18.6%]; P=0.01), prone ventilation (15 [100%] vs 38
[43.7%]; P<0.01), neuromuscular blockers (15 [100%] vs
55 [63.2%]; P=0.01), and required dialysis (14 [93.3%]
vs 16 [20.3%]; P<0.01) (Table 3). Non-survivors also had
a significant decrease in compliance (n=8, -9.3mL/cm
H,O, IQR -4.5 to -15.4) between the day of intubation and
day 7 of post-intubation, compared with survivors (n=21,
0.2mL/cm H,0, IQR 4.7 to -5.2; P=0.04) (Fig. 1).

Mortality was significantly higher in patients who
were initially in the higher compliance group compared
to the those classified as low compliance (33.3% vs
11.6%; P=0.03) (Table 3). Using logistic regression to
adjust for age, use of high-flow nasal oxygen and acute
kidney injury, the effect on mortality remained significant
(odds ratio [OR] 3.5, 95% confidence interval [CI]
1.1-12; P=0.04). Within the high compliance group,

mortality was higher in the subgroup that switched from
having high to low compliance (5/7 patients, 57.1%)
compared with those that did not (1/5, 20%) but this
was not statistically significant (P=0.1). Other outcomes
were not significant between the groups (Supplementary
Online Table 2).

DISCUSSION

In our prospective study of 102 mechanically ventilated
patients with COVID-19, we found that mortality was
associated with older age, high-flow nasal cannula
(HFNC) use, and development of acute kidney injury
requiring dialysis. Among patients with lung compliance
results post-intubation, mortality was significantly higher
in those initially classified as having high compliance
compared with low compliance. Among patients with
high compliance initially, mortality was associated with
a significant decrease in lung compliance in the first
week after intubation.

It has been proposed that COVID-19 patients are
more likely to present with an “atypical” form of ARDS
characterised by severe hypoxaemia with relatively
preserved lung compliance and low elastance, termed
the L phenotype.'!"!31%20 This is in contrast to the H
phenotype, which describes ARDS with low compliance
and high elastance, the phenotype more familiar to
intensivists.?! Distinguishing the ARDS phenotype is
important because the 2 phenotypes are predicted to
respond differently to alveolar recruitment strategies
and high PEEP. In those with preserved compliance,
these interventions risk worsening lung injury through
overdistention.'?

Calfee et al. used latent class analysis to identify 2
ARDS phenotypes based on inflammatory markers.
They found that recruitment manoeuvres and PEEP
were associated with reduced mortality in patients with
a hyperinflammatory profile (termed phenotype 2),
whereas these manoeuvres increased mortality in those
with a less inflammatory phenotype type 1.'* More
recently, Constantin et al. have shown that ARDS
patients can be broadly classified into focal or non-focal
ARDS. They reported mortality improvement in those
with non-focal ARDS if lower tidal volumes and higher
PEEP were used. In contrast, mortality was lower in
those with focal ARDS if higher tidal volumes and
lower PEEP were used. Equally important, they found
that the misclassification resulted in an increased
mortality.”? It is possible that the clinical response of
patients starting with higher compliance is similar to the
less hyperinflammatory phenotype 1 as described by
Calfee et al., and focal ARDS described by Constantin
et al., whereas patients with lower compliance is similar
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Fig. 1. Lung compliance on the day of intubation and 7 days post-intubation. (A) Patients with high compliance following intubation with a fatal outcome.
(B) Patients with high compliance following intubation who survived. (C) Patients with low compliance following intubation with a fatal outcome. (D) Patients

with low compliance following intubation who survived.

to inflammatory phenotype 2 and non-focal ARDS.
However, C-reactive protein and procalcitonin levels were
not significantly different between the groups, although
other markers may be more sensitive in the evaluation
of inflammation and cytokine release syndrome.

Critically ill COVID-19 patients have an increased
risk of cardiac complications and thrombosis. The
proportion of patients in the study with cardiac
complications appears similar to previous reports.>*
More than half had non-specific elevation in troponin
levels with normal electrocardiograms, while the
remainder had no evidence of myocardial ischaemia.
However, echocardiography done on these patients were

normal, except for reduced left ventricular contractility
in one patient. Incidences of confirmed ischaemic
cerebrovascular accidents, deep venous thrombosis and
pulmonary embolism were low in the study.

The mortality rate in the current study was 14.7%,
which is lower than that reported among COVID-19
patients with ARDS in Wuhan, where mortality rates
ranged from 50 to 65%.!*¢ Mortality rates have also
been reported in the US, with studies from Seattle and
New York reporting rates of 50-70%.>?* Although the
mortality rates reported from northern Italy and the UK
are lower, they are still close to twice the mortality we
observed at 28% and 37%, respectively.”® Interestingly,
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Table 3. Oxygen delivery and lung ventilation mechanics for patients who survived and did not survive

693

Total patients Survivors Non-survivors P value

(N=102) (n=87) (n=15)
Oxygen delivery prior to intubation
Nasal cannula, no. (%) 17 (16.7) 14 (16.3) 3(20) 0.71
Venturi mask, no. (%) 34 (33.3) 29 (33.7) 5(33.3) 1.00
Non-rebreather mask, no. (%) 32 (31.4) 31 (36.0) 1(6.7) 0.03
High-flow nasal cannula, no. (%) 24 (23.5) 16 (18.6) 8(53.3) 0.01
PaO,/FiO, prior to intubation® 126 (87-174) 126 (90-176) 122 (83-169) 0.83
PaO,/FiO, after intubation® 183 (135-244) 188 (140-256) 155 (116-189) 0.07
Lung ventilation mechanics
Positive end expiratory pressure, cm H,0* 10 (10-12) 10 (10-13) 10 (8-12) 0.54
Plateau pressure, cm H,0* 23 (20-26) 24 (20-27) 22 (19-23) 0.17
Driving pressure, cm H,0* 12 (9-14) 12 (9-15) 10.5 (8-13.3) 0.29
Compliance, mL/cm H,0* 35.3(29-47) 34.5(29.1-43.9) 46.8 (27.9-53.1) 0.17
Days on ventilator® 10 (5-17.3) 8 (5-15) 26 (12-27) <0.01
Days in ICU® 13 (7-20) 11.5 (7-17.3) 26 (11-30) 0.01
Prone, no. (%)° 53 (52) 38 (43.7) 15 (100) <0.01
Neuromuscular blockade, no. (%)° 70 (68.6) 55(63.2) 15 (100) 0.01

ICU: intensive care unit

* Values expressed as median (interquartile range)

®Received prone ventilation to manage respiratory failure

¢Received neuromuscular blockade agents to manage respiratory failure

a study from Boston, US reported a mortality rate of
16.7%, and also a preponderance of lower over higher
compliance.”

In Singapore, there has been increased use of
HFNC therapy for COVID-19-associated respiratory
failure, coupled with awake prone ventilation that has
been reported to improve oxygenation.”* However, in
our study, use of HFNC was associated with increased
mortality. Patients may be taking large-volume breaths
resulting in patient self-inflicted Iung injury, although
there was no difference in compliance post-intubation
between those who received HFNC and those that did
not. A PF ratio of <200 has been associated with
HFNC failure and the need for invasive ventilation,
which may also explain the poorer outcomes in this
group.?” More studies are needed to understand the
optimal usage of HFNC in COVID-19 patients.

Our study had several limitations. Firstly, although
ventilator strategies were similar across institutions,
the mode of ventilation and management were left to
the discretion of the treating physician. Secondly, day 7
compliance data were not available for more than half

the patients because most patients were already extubated
or undergoing weaning from the ventilator, preventing
measurement of plateau pressure. Thirdly, the evolving
therapeutic landscape in COVID-19 meant that the
majority of critically ill patients received a variety of
antiviral therapies, and the effects of these on our ICU
outcomes cannot be assessed.

CONCLUSION

In summary, mortality in mechanically ventilated
COVID-19 patients was higher in patients who were
older, had acute kidney injury and/or placed on dialysis,
and had higher lung compliance at intubation that was
associated with decreasing compliance over time.
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ABSTRACT

Introduction: There are limited data on the descriptive lifestyle behaviour of school-age children
in Singapore.

Methods: A total of 100 parents of children ages 5 to 14 participated in a parents’ proxy-reported
survey. Frequency of moderate physical activity (PA) and vigorous PA was assessed, while t-tests or
chi-square test was used to examine differences between weekdays and weekends for sleep, screen
viewing time (SVT) and sedentary behaviour (SB).

Results: Of the 100 children (68% of Chinese ethnicity, 59% boys, mean age 9.1£2.9 years), 31%
were overweight or obese, with body mass index z-score of >1. For moderate and vigorous PA
participation in a typical week, 32.0% and 43.0%, respectively, did not participate, while median
(interquartile range) days of participation were 3 (2-3) days/week and 2 (1-3) days/week for a duration
of 60 (interquartile range 30-120) minutes/session. When comparing weekends with weekdays, the
means (standard deviation) of both SVT and sleep duration were higher on weekends (SVT: 4.1 [2.9]
versus 3.3 [3.1] hours/day, P=0.07; sleep: 8.8 [1.5] vs 8.3 [1.3] hours/day, P=0.02), while there were
no significant differences for SB. A higher proportion of children had SB of >10 hours/day and slept
<8 hours/day on weekdays compared with on weekends (SB: 23.5% vs 20.6%, P>0.05; sleep:18.8%
vs 2.1%, P<0.05), while the proportion exceeding SVT of 2 hours/day were higher on weekends than
on weekdays (63.8% vs 45.4%, P=0.03). Overall, there was higher parental awareness of sleep
guidelines (80.0%), but lower awareness of PA (51.0%) and SVT (59.0%) guidelines.

Conclusion: Lifestyle behaviours were suboptimal in Singapore children compared with existing

overseas guidelines, indicating a need for an integrated guideline with greater dissemination.

Ann Acad Med Singap 2021;50:695-702

Keywords: Childhood and adolescents, integrated guideline, lifestyle behaviours, physical activity, screen

viewing time, sleep

INTRODUCTION

Evidence from longitudinal studies in Singapore has
suggested that long-term health implications on children
stems from less-than-optimal lifestyle behaviours,'?
encompassing physical activity (PA),* sleep® and
sedentary behaviour (SB) which includes screen
viewing time (SVT).®

In recent years, specific combinations of integrated
movement behaviours (i.e. sufficient PA, low SB,
limited SVT and adequate sleep) known as the 24-hour
movement guidelines for children 5-17 years were
developed in Canada’ and Australia.® The greater the

number of integrated guidelines accomplished, the better
the health-related quality of life.” These behaviours have
also been independently associated with desirable health
indicators related to cardiometabolic health*>!° and
better psychosocial health.>!" The recommendations
from these guidelines include sufficient PA (e.g.
moderate to vigorous PA of >60 min/day), limited
SVT (=2 hours/day) and adequate sleep duration (e.g.
9-11 hours/night for children aged 5-13 years).”® Data
of children aged 5.5 years from the Growing Up in
Singapore Towards Healthy Outcomes birth cohort
study has shown that relatively few children (5.5%)"
adhered to these guidelines.”!* The study further
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CLINICAL IMPACT

What is New

® This study highlights the suboptimal lifestyle
behaviours of the Singaporean children aged
5-14 years.

® Findings also point to the lack of awareness
of existing activity guidelines among parents with
children in this age group.

Clinical Implications
® This study led to the development of the
Singapore Integrated 24-Hour Activity Guidelines
for Children And Adolescents to help with better
monitoring and improvement of these behaviours.

suggested the adaption of the integrated movement
guidelines for Singapore to better monitor children’s
daily activities to achieve the desirable health indicators.
However, more data on lifestyle behaviours are first
required in children from older age groups to support
the development of such guidelines.

Currently, most of the data we have on lifestyle
behaviours of children in Singapore come from those of
preschooler age (3—6 years)'*'21%16 or younger (below
2 years).>!7 Cross-sectional data in the preschooler age
group have shown that time spent engaged in moderate
to vigorous PA is low, while time spent in SB is high;"
the duration of night-time sleep is significantly lower
than recommended values.'® At ages 2-3 years, 50% of
children were already spending >2 hours/day on SVT,
exceeding the recommended guidelines for this age
group.' Studies in children of ages 5 years and above
from Singapore spanning across the school-going age
groups (kindergarten, primary and secondary school)
are not as comprehensive, especially on evidence
surrounding SVT, SB and sleep. Existing studies
have focused on either the younger age group only
(primary school at ages 7—12)—with only one study on
PA"™—and the adolescent age group only (secondary
school at ages 13—18 years), examining PA'" and sleep.?’

In view of the limited data in children aged 5 years
and older, our study aimed to comprehensively assess
the lifestyle behaviours of Singapore children aged
5-14 years. Specifically, this survey aimed to (1)
describe PA, SVT, SB and sleep; (2) compare SVT, SB
and sleep between weekdays and weekends; and (3)
describe the parental perceptions of child health and
awareness of existing guidelines.

METHODS

Study sample

A convenience sampling method was used to recruit
participants from the KK Women’s and Children’s
Hospital for this survey. Eligible participants had to
be Singaporean or permanent resident parents (mother
or father) of children aged 5-14 years, who were able
to read and understand English. Parents would need to
give verbal consent for an anonymous survey before
they were given either a hard copy of the survey
to complete or an electronic version via FormSG
(https://form.gov.sg/). Parents who completed the
survey received SGD25 in cash, and 100 parents
completed this survey within a 1-month period from
1 October to 1 November 2020. The research procedures
in this study received formal approval for an exempt
review by the SingHealth Centralised Institutional
Review Board.

Data collection

The survey comprised 33 items that collected data on
demographics, PA, SB, SVT, sleep habits (night-time
sleep and day-time napping), parental perceptions on
child’s health and well-being, and parental awareness
of lifestyle guidelines for children and adolescents.
The parents would self-report their demographic
characteristics and report their child’s demographics
and lifestyle behaviours by proxy. They were asked to
recall their child’s past 7-day lifestyle and activities
while completing the survey questions. Items on PA
and SB were adapted from the International Physical
Activity Questionnaire,?! while the items on sleep were
adapted from the Child Sleep Habits Questionnaire;*
both questionnaires have been widely used to assess
PA or sleep.” Recreational SVT was captured as the
average time a child spends on a screen.'* The entire
survey took parents approximately 10—15 minutes
to complete.

Assessment of physical activity and sedentary behaviour

Examples of activities common in children were stated
as a guide for parents alongside questions on PA levels:
vigorous (i.e. fast running, fast swimming, or fast
cycling), moderate (i.e. fast walking or regular-paced
cycling) and light (i.e. recreational or leisure walking).
Parents reported by proxy their child’s SB separately
for weekdays and weekends, with SB being defined
as time spent at school and at home, including time
spent sitting at a desk studying and reading, as well as
reclining, sitting or lying down to watch television.*
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Assessment of screen time

Screen viewing time duration (in hours and minutes)
was assessed using the questions “In a typical week, how
much time does your child spend on recreational screen
viewing time on a weekday?” and “In a typical week,
how much time does your child spend on recreational
screen viewing time on a weekend?” Screen time
included the use of 3 types of screen devices: television
(viewing or playing television games), computer and
handheld devices.

Assessment of sleep

Parents reported their child’s bedtime, waketime,
naptime duration (in hours and minutes) and naptime
frequency separately for weekdays and weekends.
Bedtimes and waketimes were used to calculate total
24-hour sleep times for each child. Naptime frequency
was captured with the question “In the past week, how
many naps does your child take per day?”, with the
response options of “No naps”, “1 nap”, “2 naps” and
“3 naps or more”. Naptime duration was captured
with the questions “What is the average time spent on
a nap during a weekday?” and “What is the average
time spent on a nap during a weekend?”.

Parental perception of child’ health

Parental perception of their child’s weight, calorie
intake, PA, screen time exposure and sleep were
assessed with the question “Do you think your child
is ...”, with the response options of “Overweight”,
“Normal weight” and “Underweight”. The other 4
questions were (1) “Do you feel that your child receives
adequate amount of physical activity to benefit his/
her growth, development and health?”; (2) “Are you
concerned about the amount of recreational screen time
your child is currently exposed to?”; (3) “Do you think
your child is getting adequate sleep to support his/her
growth, development and health?”, with the response
options of “Yes” and “No”; and (4) “Do you think
your child is receiving adequate calories to support
his/her growth, development and health?”, with the
response options of “Yes”, “Too much” and “No”.

Parental awareness of lifestyle guidelines for children

To assess parental awareness of available lifestyle
guidelines for children, parents were asked 3 separate
questions regarding PA, sleep and screen time: “Are
you aware of the current recommendations regarding
the amount of physical activity/sleep/screen time your
child should be receiving per day?”, with the response
options of “Yes” and “No”.

Statistical analyses

Continuous datasets that were normally distributed were
presented as mean and standard deviation (SD), while
non-normally distributed datasets were presented as
median and interquartile range (IQR). SVT, SB and
sleep were analysed as continuous variables and
categorical variables. SVT was categorised into 3
levels (<2, >2—4 and >4 hours), as evidence has shown
that recreational SVT of more than 2 hours daily is
associated with the most adverse health outcomes.”!!?
SB was categorised into <10 and >10 hours, based
on reported evidence that SB taking up more than
60-70% of one’s waking day is considered high SB.*
In this survey, 10 hours of SB out of 15 waking hours
(considering mean duration of 9 hours of sleep) is
about 67% of a child’s day. Sleep was categorised into 3
levels (<8, 8-9 and >9 hours) based on the recommended
amount of sleep for school-aged children of 7-18
years (i.e. 8-9 hours/day).?’” The independent t-test and
the chi-square test were used to compare continuous
and categorical variables, respectively, between the
weekday and weekend. Sex- and age-specific body
mass index (BMI) z-scores were derived using the
World Health Organization (WHO) references.?®
The cut-offs for overweight and obese were defined
as +1SD and +2SD, respectively, above the reference
distribution as per WHO recommendations.” Statistically
significant results were determined at 2-sided P<0.05.
All analyses were performed using the STATA
software version 13 (StataCorp, College Station, US).

RESULTS

Study participants

Parent and child characteristics are detailed in Table 1.
The mean age of the 100 respondents was 40.5+4.8
years, with the majority being mothers (89.0%). Of all
the parents, 68.0% were Chinese, 62.6% had a university
education and 63.0% were reporting by proxy for their
first child.

Child demographics revealed that 50.9% were boys,
the mean age was 9.1£2.9 years, and 92.0% did not
have any chronic illnesses. The mean BMI z-score was
-0.224+2.27; 18.0% of the children were overweight
with a BMI z-score of >1, and 13% were obese with a
BMI z-score of >2.

Parents’ proxy-reported physical activity

Table 2 shows the descriptive characteristics of parents’
proxy-reported child engagement in PA. In a typical
week, 57.0%, 68.0% and 92.0% of children participated
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Table 1. Characteristics of the parent respondents of the survey and
their children (N=100)

Table 2. Parents’ proxy-reported engagement in physical activity,
frequency per week and duration per session of vigorous, moderate and
light physical activity in children aged 5-14 years

Characteristics No. (%) or mean % standard
deviation Physical activity No. (%) or median (IQR)
Respondent characteristics Vigorous
Parent Yes 57 (57.0)
Mother 89 (89.0) Frequency per week (day) 3(2-3)
Father 11 (11.0) Duration per session (min) 60 (30-120)
Age, year 40.5+4.8 No 43 (43.0)
Ethnicity Moderate
Chinese 68 (68.0) Yes 68 (68.0)
Malay 25 (25.0) Frequency per week (day) 2 (1-3)
Indian 7 (7.0) Duration per session (min) 60 (30-120)
Education® No 32 (32.0)
University 62 (62.6) Light
Secondary 31(31.3) Yes 92 (92.0)
Primary 6 (6.1) Frequency per week (day) 5(3-7)
Child characteristics Duration per session (min) 30 (20-60)
Birth order No 8 (8.0)
First-born 63 (63.0) IQR: interquartile range
Second-born or later-born 37 (37.0)
Sex engagement was 5 (IQR 3-7) days/week for 30
il 59.(59.0) (IQR 20-60) minutes/session.
Female 41 (41.0) Parents’ proxy-reported SVT, SB and sleep
Chronic illness® Table 3 shows the SVT, SB and sleep duration assessed
No 92 (92.0) in the children, comparing weekdays with weekends.
Most children were engaged in SVT on weekdays
Yes 8 (8.0) (90%) and weekends (94%), and the children had, on
Age (year) 9.142.9 average, higher SVT on weekends than on weekdays
Body mass index (z-scores)* 0294227 (4.1£2.9 vs 3.343.1 hours/day; P=0.07). Similarly, the
percentage of children exceeding 2 hours/day of SVT
Overweight (>+1 z-score)* 18 (18.0) (i.e. >2-4 and >4 hours/day) tended to be higher on
Obese (>+2 z-score)* 13 (13.0) weekends (29.8% and 34.0%, respectively) than on

* Missing data, n=1

® Chronic illness includes asthma, diabetes, congenital heart disease,
cerebral palsy, sickle cell anaemia, spina bifida and epilepsy

¢ Sex- and age-specific body mass index z-scores were derived using
the World Health Organization references

in vigorous PA, moderate PA and low PA, respectively.
Median days of children participating in vigorous
PA and moderate PA in a typical week were 3
(IQR 2-3) days/week and 2 (IQR 1-3) days/week
for a duration of 60 (IQR 30-120) minutes/session,
respectively. The median frequency of low PA

weekdays (25.6% and 19.8%, respectively; P=0.03).
In contrast, the overall average time spent in SB was
higher on weekdays than on weekends (6.5+3.3 vs
6.0+£3.1 hours/day, P=0.26), with a higher percentage
of children spending more time in high SB (>10
hours/day) on weekdays than on weekends (23.5%
vs 20.6%, P=0.23). Children in this survey had less
night-time sleep on weekdays than on weekends
(8.3£1.3 vs 8.8+1.5 hours/day, P=0.02), with 18.8%
of children receiving less than 8 hours of sleep on
weekdays compared with only 2.1% of children on
weekends (P=0.001).
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Table 3. Parents’ proxy-reported screen viewing time, sedentary behaviour and sleep in children aged 5—14 years®

Weekday Weekend P value

Screen time, hour/day®

<2 47 (54.6) 34 (36.2)

>2-4 22 (25.6) 28 (29.8)

>4 17 (19.8) 32 (34.0)

Mean+SD 3.3£3.1 4.1+2.9 0.07
Sedentary behaviour, hour/day* 0.23

<10 75 (76.5) 77 (79.4)

>10 23(23.5) 20 (20.6)

Mean+SD 6.5£3.3 6.0£3.1 0.26
Night-time sleep, hour/day* 0.001

<8 18 (18.8) 2(2.1)

8-9 45 (46.9) 31 (31.6)

>9 33 (34.4) 65 (66.3)

Mean+SD 8.3+1.3 8.8+1.5 0.02

SD: standard deviation

2 Data are presented as no. (%) or mean =+ standard deviation
® Weekday: n=90, with 4 missing; weekend: n=94

¢ Missing data: n=2 for weekday, n=3 for weekend

4 Missing data: n=4 for weekday, n=2 for weekend

Parental perception of child health and awareness of
existing lifestyle behaviour guidelines

Table 4 shows parental perceptions of their child’s
health. Of the parents, 20.0% and 18.0% perceived
their child to be underweight and receiving inadequate
calories, respectively, while 11.0% perceived their child
to be overweight and receiving too much calories.
There were 37.0% and 34.0% of parents who perceived
their child to be receiving inadequate PA and sleep,
respectively, while 73.0% expressed concerns over their
child’s SVT. Only 51.0% and 59.0% of parents were
aware of existing PA and SVT guidelines, respectively,
whereas 80.0% were aware of existing sleep guidelines.

DISCUSSION

This study gave us further insight into the lifestyle
behaviours of children aged 5-14 years. Our data
revealed that in a typical week, approximately 30% and
40% of the children in this age group did not engage in
any vigorous or moderate PA, respectively. At least a
fifth were engaged in high SB and were not receiving
adequate sleep, while more than half were exceeding
SVT recommendations. None of the children in this
study met the recommended PA guidelines, while only

19.3% and 21.7% met both sleep and SVT guidelines on
weekdays and weekends, respectively (data not shown).’

Children who engaged in PA spent only 2—3 days/week
in moderate or vigorous PA. Our observations of low
PA involvement concur with another Singapore study
using self-reported PA from primary school students.!®
However, other Singapore studies have shown that
engagement in PA was substantially lower when
measured using heart rate monitoring data, with <15%
of the primary school children'®° and none of the
adolescents' meeting recommended PA guidelines.
This trend of relatively low PA seems to begin as early
as preschool; results from accelerometery data showed
that children in Singapore aged 4.4 years spent only a
median of 0.5 (interquartile range 0.3—0.8) hour/day
on moderate to vigorous PA." A large 12-country study
(including 8 Western, 2 Asian and 2 African countries)
using data from accelerometers reported that the overall
adherence to moderate to vigorous PA guidelines in
other Western and Asian countries in children of
primary school age (9-11 years) was 44%.3' The highest
adherence was in Finland at 61%, and the lowest
adherence was in China at 15%. Our findings, which
included other existing Singapore-published data,'>!819%
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Table 4. Parental perception on child health and parental awareness of
available lifestyle guidelines (N=100)

Parental perceptions No. (%)
Weight of child

Normal 69 (69.0)

Underweight 20 (20.0)

Overweight 11 (11.0)
Child receiving adequate physical activity

Yes 63 (63.0)

No 37 (37.0)
Concerns over screen viewing time of child

Yes 73 (73.0)

No 27 (27.0)
Child receiving adequate sleep

Yes 66 (66.0)

No 34 (34.0)
Child receiving adequate calories

Yes 71 (71.0)

No 18 (18.0)

Yes, too much 11 (11.0)
Awareness of physical activity guidelines

Yes 51 (51.0)

No 49 (49.0)
Awareness of sleep guidelines

Yes 80 (80.0)

No 20 (20.0)
Awareness of screen time guidelines

Yes 59 (59.0)

No 41 (41.0)

point to overall low PA involvement in all age groups
and indicate that any interventions promoting PA in
children need to begin as early as preschool. With great
emphasis placed on homework, enrichments classes
and long hours spent in school, more opportunities for
movement and play should be incorporated into the
school-based programmes.

Time spent watching television remains the most
common measure of SB in children and adolescence.?
Our findings of SVT, which ranged from 3—4 hours/
day in children with a mean age of 9 years, agree with
a Singapore-published survey,”? and weekends seem
to be the time when more children indulge in

recreational screen time, as previously shown.?3 It is
known that higher SVT is common in higher-income
countries®' like Singapore, where handheld devices
have become increasingly accessible to young children
and where most adults own their own screen devices.*
The average SVT reported in our study was comparable
to data in children aged 9-11 years from higher-income
countries like the UK, US and Australia, with SVT
ranging from 3.0 to 3.4 hours/day.’’ Excessive SVT
appears to begin in early childhood, with 75% of
Singaporean children aged 2 years exceeding the
American Academy of Pediatrics recommendations of
1 hour/day limit at age 2 years,'* once again alluding
that interventions need to begin at preschool level or
earlier to reduce children’s SVT at a later age.

Interestingly, children in our study were engaged in
longer durations of SB, with a higher proportion in high
SB (>10 hours/day) during the weekdays than on
weekends. These observations suggest that SVT might
not be the key contributor to SB in our population.3®
Especially in Singapore, the schooling culture leans
towards prolonged sitting time during lessons, followed
by a very constructed after-school life filled with
enrichment classes or homework that would altogether
contribute to longer durations of SB on weekdays.
Similar to what we have seen with PA, high SB is
already apparent in preschoolers, and objective
accelerometry data have shown children spending
almost 8 hours per day in SB at age 4.4 years.”” Chen
et al.! reported a trend opposite from ours in the
preschooler age group, with higher SB observed
during non-school days rather than during school days.
However, they did indicate that the lower SB on school
days could be attributed to more regular naptimes
scheduled by childcare centres, rather than an increase
in PA',

Our survey revealed that a significantly higher
proportion of children (18.8%) were receiving inadequate
sleep on weekdays (<8 hours of sleep) compared with
on weekends, which concurs with previous observations
in Singapore adolescents.’” Overall, evidence in
preschoolers has shown that a large proportion (>85.0%)
were not meeting the sleep guidelines.!? The
discrepancies in these findings between preschoolers
and school-aged children could be due to the frequency
and duration of naps the children were having in the
day. The total sleep duration children in Singapore are
receiving may be underestimated especially in younger
children owing to the mandatory scheduled naptimes
at childcare centres. It might be useful to account for
the amount of sleep received at childcare, especially
when approximately 70% of children in Singapore
spend their days in full-day childcare by age 3 years,
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and this number increases to 89-91% in the
subsequent years.*® While napping is more common in
preschoolers,'? 37% of children in our study’s age group
were still taking daily naps that lasted for 1.5 hours
on average on weekdays, and for 1 hour on weekends
(data not shown), which is still a significant proportion
compared with that in Western countries where only
0.9% of children still slept in the daytime by 7 years
of age.”’

Compared with previous studies, in which parents
tend to underestimate the amount of sleep their children
require,'®* the parents in our study showed the most
awareness for existing sleep guidelines (80%). Only
30% were concerned about the amount of sleep their
children were receiving, which aligns with approximately
the 20% of children who were not meeting the
recommended guidelines during the weekdays. Only
half of the parents were aware of the PA guidelines
for children, and only 11% were concerned about their
child being overweight when the proxy-reported BMI
showed that 18% of the children were overweight and
11% were obese. Our findings corroborate previous
studies on how it is common for parents to underestimate
the amount of PA their child requires*' and their child’s
weight status.*? In contrast, while parents in this
study claimed to be most aware of the guidelines for
recreational SVT (approximately 60%) and were most
concerned about SVT in children (approximately 70%),
the percentage of children exceeding the guidelines
were still high. Along with the reported high use of
screen devices among adult Singaporeans,® a study
by Bernard et al. has interestingly also shown that
children’s screen use behaviour at age 2-3 years was
strongly influenced by parental behaviour. The results
suggest that the presence of frequent screen users in
the household is associated with children’s screen
behaviour, and thus targeting parental behaviour might
be effective in reducing recreational SVT early in
children."

Strengths and limitations

This study managed to collect comprehensive data on
the lifestyle behaviours of children in Singapore aged
5-14 years old, along with data on parental perception
on their child’s health and parental awareness of
existing guidelines. The strength of the study lies mainly
in the use of a cost-effective and efficient online method
of survey data collection, which was preferred over the
conventional hard-copy survey. The limitations of the
survey include selection bias and limitations in
generalisability due to the survey method, which uses
a convenience sampling method, and the small sample
size. The wide age range sampled in this study may

reduce the internal and external validity of the study.
Other limitations include the possibility of under-
reporting, especially when parents had to report by
proxy the children’s lifestyle behaviours, such as SVT
or PA, which might have taken place at school or when
the parents are at work while the children are at home.

CONCLUSION

Findings from this study support the need for an
integrated 24-hour activity guideline for children and
adolescents in our Singapore population to help with
better monitoring and improvement of these behaviours.
The data from this study spurred the creation of the
Singapore Integrated 24-Hour Activity Guidelines for
Children And Adolescents.* The next steps would be the
dissemination and implementation of these guidelines
in schools so that children and parents will be aware of
integrated movement-related behaviours for the benefit
of long-term health and for the prevention of obesity.
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ABSTRACT

Introduction: Vaccination remains a key strategy to living endemically with COVID-19. The
Pfizer-BioNTech COVID-19 vaccine was first granted interim authorisation for use in Singapore in
December 2020. With overseas studies published about the safety and side effect profiles of mRNA
COVID-19 vaccines focusing mainly on non-Asian populations, we described the side effects of
Pfizer-BioNTech COVID-19 vaccination experienced by the healthcare workers (HCWs) in a tertiary
hospital in Singapore.

Methods: Data were obtained from the Occupational Health Clinic (OHC) at the National University
Hospital in Singapore, which monitored staff for any adverse effects within 30 minutes post-
vaccination on-site and any adverse effects after that. A cross-sectional study among the vaccinated
HCWs was conducted using an online survey, which established basic demographics, histories of
allergies or atopic disorders, and adverse events encountered after dose 1 and dose 2 of vaccination.

Results: No anaphylaxis was reported. Most common symptom was giddiness (32.7%) experienced
by HCWs within 30 minutes. Adverse events attended post-vaccination by OHC were generally mild
and self-limiting. From the survey, odds of experiencing an adverse event after dose 2 was significantly
higher than after the first dose, especially for fever/chills (odds ratio [OR] 22.5). Fever/chills, injection
site reactions, headache, aches and pains, and feeling unwell were significantly more common in
HCWs below 60 years compared to those >60 years. An allergy to food (adjusted OR 2.7) and a history
of eczema/sensitive skin (adjusted OR 2.6) were associated with a skin reaction not at injection site.

Conclusion: The side effects experienced after Pfizer-BioNTech COVID-19 vaccines are generally
self-limiting and mild, with no anaphylaxis reported.

Ann Acad Med Singap 2021;50:703-11
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INTRODUCTION

The newly emerged coronavirus virus 2019
(COVID-19) disease was declared a Public Health
Emergency of International Concern by the World
Health Organization (WHO) on 30 January 2020, and
subsequently designated a pandemic on 11 March
2020." Globally, over 209 million cases have been
reported, with more than 4.4 million confirmed deaths
as of 20 August 2021,> with numbers increasing daily.

A series of public health measures including social
distancing, wearing of face masks, maintaining good
personal hygiene and lockdowns have been introduced
to mitigate the spread of the virus. Vaccination, however,
remains a key strategy for sustained protection, and
living endemically with the virus.?

On 11 December 2020, the US Food and Drug

Administration issued the first emergency use
authorisation for the BNT162b2 COVID-19 vaccine
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CLINICAL IMPACT

What is New

* This study describes the safety and side effect
profile of Pfizer-BioNTech COVID-19 vaccination of
the healthcare population in Singapore.

* Side effects are generally self-limiting and mild,
similar to trials done overseas that comprise mainly
non-Asian participants.

Clinical Implications

* The benefits of vaccination against acquiring
COVID-19 infection and its possible complications
outweigh the side effects experienced.

* The results from this paper can be used to
encourage more to take up COVID-19 vaccination.

developed by Pfizer and BioNTech in individuals aged
16 years and above.* The Pfizer-BioNTech COVID-19
vaccine belongs to a novel category of vaccines called
messenger ribonucleic acid (mRNA) vaccines. mRNA
vaccines deliver segments of mRNA that encode
for a protein, which in the case of the COVID-19
mRNA vaccines, is a code for the spike protein found
on the surface of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus. mRNA is highly
degradable, and so these mRNA vaccines have been
designed to deliver the mRNA material within liposomes
for protection. These liposomes, which contain
polyethylene glycol and various other excipients, are
highly immunogenic and are thought to be responsible
for the strong local and systemic side effects reported in
patients. SARS-CoV-2 enters the host airway mucosal
cells via the attachment of its spike protein to the
host’s ACE-II receptor, thus, antibodies to the spike
protein are induced by the vaccine, allowing for
protection against future infection.>®

There have been concerns among the public and even
among health professionals about the safety profile of
mRNA vaccines, given that they are new to the market.
In the clinical trials of Pfizer-BioNTech COVID-19
vaccines, frequently reported reactions were pain at
the injection site, fatigue and headache, which were
usually short-term. Systemic reactions were more
common and severe after the second dose than after
the first dose, and were generally more common in
those under the age of 55 compared to older recipients.

The incidence of serious adverse events was low and
was similar in both vaccine and placebo groups.’

Singapore was the first country in Asia to receive the
vaccine on 21 December 2020, and as in many countries,
healthcare workers (HCWs) were prioritised to be
vaccinated by the Ministry of Health (MOH). However,
there remains limited data and literature on the side
effects of the Pfizer-BioNTech COVID-19 vaccines
that focus on the healthcare population in Asia.
Therefore, the objective of this study was to analyse
the safety and side effect profile of the Pfizer-BioNTech
COVID-19 vaccines among HCWs at the National
University Hospital (NUH) in Singapore. The
Occupational Health Clinic (OHC) in the tertiary
hospital is responsible for administering and monitoring
vaccination in newly hired HCWs as well as ensuring
timely vaccination updates of all employees. With
support from infectious diseases (ID) and allergy
specialists, OHC implemented the same institutional
processes to monitor HCWs post-vaccination for the
COVID-19 staff vaccination exercise. In addition to
30-minute monitoring post-vaccination on-site, part of
the surveillance included a self-reported online survey
questionnaire.

METHOD

OHC is an in-house clinic within the hospital, which
manages work-related health and safety issues of more
than 7,600 HCWs to ensure a safe and healthy work
environment. OHC, with support from human resources,
operations and ID specialists, proactively stepped up
its actions at the start of the COVID-19 pandemic to
protect staff from contracting COVID-19 at work.
Actions included screening and monitoring fitness for
work; active redeployment of staff with medical
conditions that put them at increased risk of more
complicated COVID-19 infection; surveillance of staff
health post-exposure; and return-to-work assessment
for staff with acute respiratory illnesses.

Working in close collaboration with various medical
specialists, nursing, pharmacy and operations teams,
OHC officially rolled out the staff COVID-19 vaccination
exercise on 11 January 2021, as an important tool to
protect the safety and health of staff against COVID-19,
in line with organisation and national directives. Some
contraindications as listed by MOH then included
immunocompromised conditions, prior anaphylaxis/
severe allergy and pregnancy (see Supplementary Online
Materials), which were gradually allowed vaccination as
the vaccination exercise continued.
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Monitoring of adverse effects within 30 minutes post-
vaccination

Guidelines from MOH regarding vaccine preparation,
administration, contraindications and side effects were
followed,* with a mandatory 30-minute observation
period post-vaccination on-site for adverse effects. If
any staff developed any symptoms or discomfort during
this period, they would be moved to a treatment room
for vital sign monitoring and assessment by an OHC
doctor. Based on assessment, unwell staff might be
observed for a longer period of time, for example,
additional 30 minutes to allow the symptoms to
subside. Staff would be transferred to the emergency
department (ED) for further evaluation if the symptoms
were deemed serious based on initial assessment, for
example, severe allergic reactions, or no improvement
after extended period of observation.

Monitoring of adverse effects post-vaccination

OHC was also responsible for the recording and
reporting of any early or late adverse effects and allergic
reactions. HCWs were asked to report any symptoms or
reactions that occurred later after leaving the vaccination
clinic to OHC via calls, emails or walk-in consults.
For common side effects such as fever or body ache
post-vaccination, appropriate medical advice was given
based on MOH guidelines.® Staff with potential allergic
reactions or prolonged/severe side effects were reviewed
by OHC doctors and these problems were reported to
MOH. For rashes or side effects that could indicate
allergy, OHC and an allergy specialist would evaluate
and decide whether a second dose could be given.

Monitoring of adverse effects via online survey

A cross-sectional study was conducted when HCWs
being monitored on-site after the second dose were
invited to participate voluntarily in a survey hosted on
the form.sg platform, a government-initiated, secure
internet database. The questions in part 1 of the survey
established basic demographics, histories of allergies
(food, medication or vaccines) or atopic disorders
(allergic rhinitis, asthma or eczema), and adverse events
encountered after the first dose. Those who completed
part 1 would be invited to participate in part 2 of the
survey 1 week after second dose was administered.
Questions in the second part were similarly phrased as
those in the first part and included demographics and
adverse events encountered after the second dose.
Survey responses were collected for a duration of 2
months, between 8 February and 12 April 2021 and
analysed using STATA version 13.0 (StataCorp, College
Station, US).

Only participants who completed both part 1 and
part 2 of the survey were included in the analysis.
We used the number of staff who completed 2 doses
as the denominator as all were invited to participate
post-vaccination (Fig.1). Participants’ demographics
were descriptive in nature, presented as frequencies
and percentages. Differences in responses between
the first dose and second dose were compared using
McNemar’s test of symmetry. Chi-square test was used in
hypothesis testing to investigate if there were differences
in adverse events reported by different age groups,
self-reported histories of allergies (food, medication or
vaccines) and atopic disorders (allergic rhinitis, asthma
or eczema). We used age strata <60 years versus >60
years, in line with the national definition of seniors
prioritised for receiving COVID-19 vaccinations.
Logistic regression was performed with each adverse
effect as the dependent variable and a history of allergies
or atopic disorders as the independent variable, with
crude and adjusted odds ratio (for sex and age as a
continuous variable). A P value <0.05 was considered
statistically significant.

This study was exempted from ethics review by
the National Healthcare Group, Domain Specific
Institutional Review Board (NHG DSRB reference
number 2021/00572).

RESULTS

Adverse effects attended to at vaccination clinic and
at OHC

The 3 most common symptoms attended to within the
30-minute observation period at the vaccination clinic

6101
Vaccinated staff invited in the survey

3421 213
Responses to part 1

3132
Completed responses to part 1

1770 66
Responses to part 2

27.9% (1704/3421)
Completed responses to part 1 and part 2

‘With missing data

With missing data

Fig. 1. Flowchart of survey respondents included in the analysis.
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Table 1. Symptoms attended to at the vaccination clinic

Symptoms attended Staff, no. (%) N=196

Disposition

Giddiness 64 (32.7)
Rashes/itch 46 (23.5)
Palpitation/chest discomfort 29 (17.2)
Numbness over injection arm 16 (8.2)
Headache 11 (5.6)
Nausea/vomitting/reflux 11 (5.6)
Throat discomfort 9 (4.6)
Sensation of breathlessness 4(2.1)
Eye conditions, e.g. blurred vision 3 (1.5)
Others 3(1.5)

58 discharged from vaccination clinic
6 transferred to ED and discharged after observation

43 discharged from vaccination clinic
3 transferred to ED and discharged after observation

28 discharged from vaccination clinic
1 transferred to ED and admitted for further evaluation

16 discharged from vaccination clinic

10 discharged from vaccination clinic
1 transferred to ED and discharged after observation

9 discharged from vaccination clinic
2 transferred to ED and discharged after observation

9 discharged from vaccination clinic

3 discharged from vaccination clinic
1 transferred to ED and discharged after observation

3 discharged from vaccination clinic

3 discharged from vaccination clinic

ED: Emergency department

were giddiness (32.7%), rashes/itch (23.5%) and
palpitation/chest discomfort (17.2%). Most staff who
experienced any symptoms improved within 30 minutes
of further monitoring. However, of 196 staff requiring
such care after vaccination, 16 (8.2%) of them had to
be transferred to ED for further evaluation and
management. No staff had anaphylaxis (Table 1).

OHC attended to a total of 329 staff at the end of the
staff vaccination exercise. The most common adverse
effects attended to were fever/chill (26.1%), rashes/itch/
eye swelling (21.3%), myalgia (9.4%), swelling/pain
over injection site (7.6%), giddiness (6.1%) and
headache (6.1%).

Of all the 525 staff reviewed at OHC and vaccination
clinic, 28 staff were advised to withhold their second
doses due to angioedema (35.7%), urticaria (35.7%),
pregnancy (25.0%) and retinal clots/hypertension
(3.6%), while 10 other staff were advised against
future doses due to angioedema (50.0%) and urticaria
(50.0%) after second dose. The pregnant staff were
subsequently allowed to complete dose 2 after MOH
revised its guidance.’

Adverse reactions reported from survey

A total of 3,421 out of 6,101 vaccinated staff responded
to part 1 of the survey, of which 1,704 completed part 2
as well, giving a response rate of 27.9% (Fig. 1). Among
the respondents to the survey, those 18-50 years of age

accounted for the large majority (87.4%), while those
51-80 years old made up the remaining 12.6%.
Respondents’ median age was 35 years old, with a range
of 18-76 years. The ethnicity of those who responded
to the survey also corresponded proportionally with
the overall makeup of the healthcare workers in our
institution, with Chinese making up the majority ethnicity
at 55.6%. There were also more female respondents
(78.6%) than male, which relates proportionally to the
overall gender ratio in our hospital settings (Table 2).
At the time of vaccination, no HCWs in this study were
documented to have had COVID-19.

A majority of respondents reported localised injection
site reactions, with more experiencing such reactions
after dose 2 (70.1%) compared to dose 1 (57.2%).
Feeling unwell in general, having aches and pains,
headache, and fever or chills were also commonly
reported symptoms (Table 3). Although anaphylaxis
was included in the survey as a symptom, none of the
respondents experienced this as an adverse event. The
odds of experiencing an adverse event after the second
dose was significantly higher than after the first dose.
Although all adverse events were reported significantly
more likely after the second dose, having fever/chills
was the most striking, with an odds ratio of 22.5 on the
second dose, compared to the first.

Among the adverse events included in the survey,
having fever or chills, injection site reactions, headache,
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Table 2. Demographics of survey respondents

Numbers responded Percentage of

(N=1704) respondents (%)
Age group (years)
18-30 494 29.0
3140 649 38.1
41-50 346 20.3
51-60 160 9.4
61-70 50 2.9
71-80 5 0.3
Sex
Female 1340 78.6
Male 364 21.4
Ethnicity
Chinese 948 55.6
Malay 198 11.6
Indian 174 10.2
Eurasian 9 0.5
Others 375 22.0
Job groups
Administration 194 11.4
Allied health 323 19.0
Ancillary 151 8.9
Medical/Dental 203 11.9
Nursing 693 40.7
Service partners 50 2.9
MOHH doctors 16 0.9
Others 74 43

MOHH: Ministry of Health Holdings

generalised aches and pains and feeling unwell were
significantly more common in the younger age group.
The survey showed 47.2% of respondents below 60
years reported fever or chills after dose 1 and/or dose
2, compared to 25.0% in those aged 60 and above
(P<0.01). A majority (78.5%) of those in the age group
below 60 years reported an injection site reaction,
while the prevalence among those 60 years and above
was comparatively lower at 47.1% (P<0.01). Feeling
unwell, aches and pains, and headache were also
symptoms more significantly reported in those below 60
years, compared to those 60 years and above (Fig. 2).

Among survey respondents who self-reported
an allergy (food, medication or vaccines) or atopic
disorders (allergic rhinitis/sensitive nose, asthma, or
eczema/sensitive skin), an allergy to food, and a history
of eczema/sensitive skin were the only 2 conditions
associated with a higher odds ratio of skin reaction
not at the injection site (rash, hives, urticaria or itch).
After adjusting for age and gender, the odds ratio of
respondents with an allergy to a food and reporting a
skin reaction post-vaccination was 2.7 that of those
without any food allergy, while the odds ratio of
respondents with eczema/sensitive skin was 2.6 that
of respondents who reported no eczema/sensitive skin
(Table 4). Both were statistically significant.

DISCUSSION

This study aimed to analyse the safety and side effect
profile of the Pfizer-BioNTech COVID-19 vaccines
among HCWs at NUH in Singapore. Based on the
survey results, localised injection site reactions (rash,
redness, swelling and pain) were the most common,
followed by systemic reactions such as feeling unwell
in general (fatigue, tiredness and weakness) and aches
and pains (joint pain, muscle pain and body ache).
Reactions were generally self-limiting in nature and
were reported more often after dose 2 than dose 1,
and in the younger age group compared to the older
age group. The findings were consistent with those
observed in studies conducted overseas and reports of
suspected adverse events in Singapore as well.”1%!!

No anaphylaxis of HCWs vaccinated in the hospital
was reported as of 24 August 2021. As of 31 July 2021,
the incidence of anaphylaxis reported in Singapore with
the mRNA vaccines was about 0.86 per 100,000 doses
administered, similar to those reported overseas of
around 0.5 to 2 per 100,000.'"!> We reported no cases of
myocarditis/pericarditis.

Since mRNA vaccination started in Singapore,
MOH had taken a more conservative stance with
more contraindications and precautions for who could
be vaccinated initially (see Supplementary Online
Materials). With the emergence of international data
from real-world vaccination roll-outs, contraindications
were gradually relaxed after no major safety concerns
were noted. For example, persons with history of
allergic reactions (excluding to vaccines) not amounting
to an anaphylaxis were allowed to be vaccinated after
12 March 2021, while those with history of anaphylaxis
were excluded until 5 June 2021, after no evidence
to suggest that a prior history of anaphylaxis would
predict the development of anaphylaxis to the mRNA
COVID-19 vaccines.
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Fig. 2. Adverse events reported after dose 1 and/or dose 2, by age group.
*Significantly different proportions between respondents aged <60, and those aged 60 and above, who reported the specified
adverse effect (chi-squared test for statistical significance, P<0.01)
I bars represent 95% confidence intervals, and number labels indicate the percentage of participants who reported the stated

adverse event.

Table 3. Comparison of adverse reactions reported after dose 1 and dose 2

Adverse reaction After dose 1 After dose 2 McNemar’s odds ratio
Staff, no. (%) Staff, no. (%) (95% confidence interval)
N=1704 N=1704
Injection site reaction (rash, redness, 975 (57.2) 1195 (70.1) 2.8
swelling, pain) (2.3-3.5)
Feeling unwell in general (fatigue, 626 (36.7) 1127 (66.1) 6.3
tiredness, weakness) (5.1-8.0)
Aches and pains (joint pain, muscle pain, 512 (30.1) 885 (51.9) 3.7
body ache) (3.0-4.4)
Headache 321 (18.8) 711 (41.7) 6.1
(4.8-7.9)
Fever or chills 159 (9.3) 761 (44.7) 225
(15.4-34.1)
Chest pain, palpitations (abnormal heartbeat), 43 (2.5) 66 (3.9) 1.78
breathlessness (1.1-2.9)
Stomach-related (diarrhoea, nausea, 73 (4.3) 199 (11.7) 4.4
vomiting, stomach discomfort) (3.1-6.5)
Swelling of the eyes, lips or face 3(0.2) 13 (0.8) 43
(1.2-23.7)
Skin reaction, not at injection site (rash, 42 (2.5) 90 (5.3) 3.0
hives, urticaria, itch) (1.9-5.0)
Any other symptoms 90 (5.9) 140 (8.2) 1.8
(1.3-2.6)

A self-reported history of allergy to food and eczema/
sensitive skin were associated with a higher odds ratio
of patient-reported skin reaction not at injection site
(rash, hives, urticaria or itch), after adjusting for age
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themselves, it is difficult to comment whether this
association is truly mediated by an allergic predisposition,
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Table 4. Effect of allergy/atopic disorders on skin reaction and face swelling post-vaccination

Skin reaction not at injection site

Swelling of eyes, lips, face

(rash, hives, urticaria, itch)

Proportion of Unadjusted Adjusted odds Proportion of  Unadjusted Adjusted
respondents odds ratio ratio® respondents odds ratio odds ratio®
(%) (95% CI) 95% CI) (%) (95% CI) (95% CI)
Allergies
Allergy to food (n=85) 15.3 2.7 (1.5-5.1) 2.7 (1.4-5.0)° 0 - -
No allergy to food (n=1619) 6.2 1.0
Allergy to medication (n=185) 5.4 0.8 (0.4-1.5) 0.8 (0.4-1.5) 1.1 0.8(0.4-1.5) 0.8(0.4-1.5)
No allergy to medication (n=1519) 6.8 0.9
Allergy to vaccines (n=9) 11.1 1.8 (0.2-14.1) 1.5(0.2-12.4) 0 - -
No allergy to vaccines (n=1695) 6.7 0.9
Atopic disorders
Allergic rhinitis/sensitive nose (n=322) 9.0 1.5 (0.9-2.3) 1.4 (0.9-2.3) 1.2 1.4 (0.54.5) 1.4(0.444)
No allergic rhinitis/sensitive nose (n=1382) 6.2 0.9
Asthma (n=183) 9.8 1.6 (0.9-2.8) 1.6 (0.9-2.8) 1.1 1.2(0.3-53) 1.2(0.3-5.4)
No asthma (n=1521) 6.3 0.9
Eczema/sensitive skin (n=287) 12.9 2.6 (1.7-3.9)° 2.5(1.7-3.9)° 0.7 0.7 (0.2-3.1) 0.7 (0.2-3.1)
No eczema/sensitive skin (n= 1417) 5.4 1.0

* Adjusted for age as a continuous variable and sex
b Statistically significant odds ratio (P<0.01)

or whether patients may suffer from other pre-existing
conditions such as chronic urticaria or anxiety, which
may confound the interpretation of the reactions.!'*!

Overall, the approach we took to monitor for adverse
events for the staff vaccination exercise was safe and
in line with MOH guidelines, particularly considering
that it was rolled out in the context of an Emergency
Use Approval as a very new type of vaccine with
little prior clinical experience especially among Asian
population, with only 4.3% included in phase 2/3 trials.’
On-site monitoring for adverse effects within 30 minutes
of vaccination is sufficient for diagnosis and treatment
of early onset allergic reactions or anaphylaxis. The
observation of frequent giddiness, palpitation/chest
discomfort and headache post-vaccination also led to
staff being reminded to adhere to their chronic
medications and hydrate appropriately early on the
day of vaccination.

After leaving the vaccination clinic, HCWs with
any adverse effects were encouraged to report to OHC
via phone call, email or walk-in consults. Those with
common adverse effects such as fever, myalgia or pain
over the injection sites were given post-vaccination
management advice as per MOH guidelines.® Staff

with potential allergic reactions or prolonged/severe
side effects were reviewed as a walk-in consult at
OHC. HCWs were encouraged to take photos of any
visible reaction (such as rashes) to show them during
these consultations. All staff who presented in this
manner were reviewed by the same OHC specialist in the
clinic, and also evaluated by a single allergy specialist.
This would allow objective reporting and reduce
observation bias between cases.

By the end of the vaccination exercise on 26 March
2021, nearly 80% (6,101 out of 7,671) of staff had
completed both doses of the vaccine and subsequent
vaccination of staff was by appointment only. When
Singapore experienced a surge of community cases end
April 2021, walk-in slots were made available for staff,
which subsequently coincided with MOH’s loosening
of the list of contraindications to vaccination. With this,
staff vaccination rates reached 94% as of 24 August
2021. While these conditions were gradually relaxed, it
likely impacted vaccine acceptance, particularly among
pregnant and breastfeeding HCWs and those trying to
conceive, as 86 (25.3%) out of 340 staff who remained
unvaccinated gave pregnancy-related reasons and
breastfeeding for why they were not vaccinated.
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Unvaccinated staff had to be managed carefully. At
the start of the pandemic, staff with chronic medical
conditions that put them at increased risk of more
complicated COVID-19 infection were already redeployed
to non-COVID-19 patient areas.'® Strict compliance to
personal protective equipment (PPE) and hand hygiene
was enforced regularly. Similarly, unvaccinated staff
were placed in lower risk areas with an emphasis on
PPE compliance, while efforts to get more staff vaccinated
were ongoing.

With evidence that immunity may decline over time,
the Expert Committee on COVID-19 Vaccination in
Singapore had recommended an additional mRNA
COVID-19 vaccine dose for the immunocompromised
and seniors.!” However, in the US, HCWs who were
vaccinated earliest in the vaccination roll-out would
be eligible for booster dose as well.'® Further research
may be required to determine the optimal timing of the
booster for HCWs that will ensure maximal protection
exceeds the risk of untoward side effects."

This study has a few limitations. Participation rate
with valid responses was 27.9% for this self-reporting
survey. It is possible that those who did not participate
have milder adverse reactions compared to those who
participated. Also as the first part was administered 3
weeks after the first dose, and the second part a week
after dose 2, the time between experiencing the effects
and the collection of participants’ responses to the survey
could lead to recall error. We had tried to minimise this
by constructing survey questions that were well-
defined and easily understood, and piloted this among a
convenient sampling of healthcare workers. Even then,
we identified this as a limitation, and took into
consideration other studies in conjunction with our
findings, before drawing conclusions from our survey
results.

CONCLUSION

In conclusion, the side effects experienced after Pfizer-
BioNTech COVID-19 vaccines are generally self-
limiting and non-severe, with no anaphylaxis reported
among the HCWs in NUH, Singapore. The benefits of
vaccination against acquiring COVID-19 infection and
its possible complications far outweigh the self-limiting
side effects experienced. However, further studies
to determine the longer-term adverse effects of this
relatively new vaccine would enable individuals to
make a more confident informed choice, and lend
more evidence to guide public health practitioners on
vaccination policy for the wider population.
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An armed assailant in our hospital: Are we prepared?
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ABSTRACT

While armed assailant attacks are rare in the hospital setting, they pose a potential risk to healthcare
staff, patients, visitors and the infrastructure. Singapore hospitals have well-developed disaster plans
to respond to a mass casualty incident occurring outside the hospital. However, lack of an armed assailant
incident response plan can significantly reduce the hospital’s ability to appropriately respond to such
an incident. The authors describe various strategies that can be adopted in the development of an
armed assailant incident response plan. Regular staff training will increase staff resilience and capability
to respond to a potential threat in the future. The aim of this article is to highlight the need for the
emergency preparedness units of all hospitals to work together with various stakeholders to develop
an armed assailant incident response plan. This will be of great benefit for keeping healthcare facilities

safe, both for staff as well as for the community.
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Armed assailant attack in a healthcare facility poses a
unique risk to patients, staff and infrastructure alike.
According to the US Department of Homeland Security,
an armed assailant incident is defined as one where
an individual is actively engaged in killing or attempting
to kill people in a confined and populated area.'

The incidence of armed assailant attacks has been
increasing in the US and other parts of the world.>?
Within the healthcare facility, attacks in the emergency
department (ED) accounted for roughly one-third of
healthcare facility incidents.> While these events are
relatively rare in Singapore, the Singapore Terrorism
Threat Assessment Report by the Ministry of Home
Affairs dated 23 June 2021 continues to classify the
country’s terrorism threat as high; and warned that
Singapore remains vulnerable to attacks against soft
targets by lone actors using available objects.* Although
there have not been any reported terrorist attacks on
Singapore EDs so far, there have been incidents where
healthcare staff in the ED have been threatened by
patients using various objects such as penknife. In 2015,
a police officer was injured in a shooting incident at the

ED of Khoo Teck Puat Hospital. A suspect brought in
by the police to seek medical care allegedly grabbed
the policeman’s gun and 3 shots were fired during the
struggle. In 2002, a knife-wielding motorcycle thief
was shot by the police when he charged at officers in the
car park of Mount Alvernia hospital. A gang-related
incident in the ED of Singapore General Hospital saw
some people with parangs (machetes) attack another
person.

ED is vulnerable to armed assailants as it is a public
entry portal to the hospital that allows easy and 24-hour
accessibility. Targeting the ED can lead to potentially
higher casualties and delay in the care of existing
patients. Healthcare institutions in general incorporate
multiple buildings, offices, parking areas and other
facilities, as well as integrate with the surrounding
community and public transport facilities. Such openness
makes healthcare organisations vulnerable to external
incursions.

In the past, all EDs of public hospitals in Singapore

housed a police post manned around-the-clock. However,
this police presence has since been withdrawn and
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outsourced to security agencies. The security personnel
are stationed not just in the ED, but also other areas of
the hospital. The potential threat from an armed assailant
can occur in any part of the hospital where these officers
may not be present at a particular time. Lack of a
dedicated response protocol to an armed assailant, both
in the ED and hospital premises, can significantly impact
and reduce the hospital’s resilience to appropriately
handle such an incident. This article aims to highlight
the need for all hospitals to work together with various
internal and external stakeholders to develop an armed
assailant incident response plan.

Hospitals have well-developed disaster plans to respond
to mass casualty incidents (MCI) occurring outside
the hospital environment. Most hospital staff receive
emergency preparedness training to respond to MCI as
part of their job scope, either through online modules
or participation in disaster drills. However, an armed
assailant in the ED or anywhere in the hospital poses a
unique problem as existing plans may not be effective.

The random, short-lasting but violent nature of an
armed assailant incident makes healthcare response
extremely challenging.’? Besides dealing with the
assailant, managing the safety of the public and
healthcare staff must be paramount during the incident.
Because of the dynamic and unpredictable nature of
an attack, there is no single best practice. The primary
objectives of a response plan are:

+ threat assessment and pre-incident planning,

* initiating immediate response during an incident to
minimise the assailant’s access to potential victims
and damage, and

+ post-incident recovery and support plans.

Pre-incident planning

At the very onset, assessment of threat of an armed
assailant in a healthcare facility should be carried out,
followed by development of a response action plan that
establishes the objectives and courses of action. The plan
should have input from various stakeholders, including
hospital leadership, emergency preparedness unit,
medical and nursing staff, security, facility engineering,
human resources, law enforcement agencies and legal
team. The security of the workplace can be strengthened
by adopting a multitiered approach:

» Develop — proactive protective security posture

» Deter — using physical and electronic security
measures

» Detect — using alert and visual detection systems

e Delay — putting up measures in place to limit
movement of the offender

* Deny — Access to potential victims

Besides incorporating these aspects, an effective response
plan should include:

« Data gathering and situational assessment.

* Consideration of security screening system at
entrance.

* Closed-circuit television (CCTV) systems connected
to the security office for surveillance.

» Restricting access by ensuring appropriate staff
identification and areas being accessible with
keypad coded doors.

* Early identification of threat by staff.

* Emergency alert notification to Hospital Security
Command Centre as well as Singapore Police
Force (SPF).

e Lockdown decision matrix for individual
departments and buildings.

» Evacuation policy and procedure for patients, visitor
and staff; including escape routes and safe areas
marked on floor plans.

e Select effective shelter locations for those unable to
escape.

* Prior coordination and sharing of plans with first
responders and SPF.

During the incident

Initial assessment and action to an armed assailant
situation

The first challenge is to change the healthcare
staff’s perspective from ignoring the possibility of
such an event to proactively increasing individual
awareness and being ready to respond to this situation.’
An effective response plan enables the staff to overcome
this denial and respond immediately. Staff need to be
trained to be more aware of their surroundings, and
identify individuals who pose a potential risk in
committing a violent act. They must be empowered
to immediately raise their concern to hospital security
and the police, if required. Banks have alarm buttons
behind counters to activate emergency response in the
event of a bank robbery. Similarly, hospitals may want
to consider installation of similar silent alarm buttons
that contact the hospital security centre or SPF. Thus,
if an armed assault is in progress, the staff can rapidly
activate the emergency notification alert system to help
save lives by keeping people out of harm’s way, as
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well as triggering a rapid response by the various
stakeholders involved. Timely information is crucial,
so staff should be trained to contact the police and
convey key information such as the location of
incident, description and number of attacker(s), type
of weapons and other details.

There must be a plan in place so that the public
announcement system can inform the building occupants
of a potential security threat. This message must also
be broadcasted to all security personnel using dedicated
communication channels. The emergency notification
system should also be equipped to alert people at
remote locations within the hospital building or campus,
advising them to keep away from the areas under
threat. Hospitals can also work with SPF to use the
SMS Public Alert System (number 71250) launched
by the Ministry of Home Affairs in 2016, which can
immediately send one-way SMS to all mobile phone
users in the vicinity of this emergency.

All hospitals in Singapore have CCTV systems at
various locations. These devices may also be installed
at various entry/exit points, perimeter and other critical
areas of the hospital to provide live feed for such threats.
The system should be connected to the hospital’s main
security office to enable round-the-clock monitoring and
surveillance. The person in charge of monitoring the
CCTVs should keep building occupants and security
officers updated on the movement and location of the
attacker(s) by using the public announcement system
and dedicated messaging services, respectively.

Upon activation of alert, there must be a centrally
controlled dynamic lockdown matrix for individual
areas of the hospital, including lifts and care areas. This
approach will help contain the armed assailant within a
limited zone, allowing other people in that building to
evacuate. Non-impacted zones such as the waiting areas
and cafeterias should be evacuated. Plan should also
entail a detailed evacuation policy made known to all
staff, with escape routes, floor plans and safe areas. A back-
up evacuation route and location must be planned in case
the primary route cannot be used due to assailant presence.

Immediate response model

According to the law enforcement agencies in US, the
response model with an effective impact to protect people
during these events has been labelled as “Avoid, Deny,
Defend” (also known as “Run, Hide, Fight”).®

e Run: The first response is to run away from the
assailant, evacuate the area, and once safe, call
local law enforcement agency.

e Hide: If the staff and/or patients cannot be
evacuated, they should find a place to hide, turn
off light and mobile devices and remain quiet. They
should lock the door and use nearby equipment
and furniture to reinforce the barricade, as this will
deny access to the assailant.

* Fight: As a last resort, if there is an imminent danger
to life, they can attempt to incapacitate the assailant
by using physical aggression, either alone or with
team members, or using items that can serve as an
improvised weapon.

The Australia-New Zealand Counter Terrorism
Committee (ANZCTC) has proposed the model of
“Escape, Hide and Tell”.” Ontario Hospital Association,
Canada has also adopted a similar model of “Evacuate,
Hide, Survive and Call”.® SGSecure, Singapore’s
community response to the threat of terrorism, has a
similar response model advisory—“Run, Hide, Tell”.’

A higher value has been placed on providing security
agencies with intelligence to improve efficiency and
effectiveness of response. Hence, the “Fight” tactic in
the US model has been modified to “Tell”, similar to that
in the Australian and Canadian systems. Considering the
closer proximity of security agencies around Singapore,
provision of intelligence either by calling SPF at 999,
SMS 71999 if unable to speak, or submitting information
via SGSecure app is emphasised. Specific silent
communication mechanism through the SGSecure
app has also been developed to allow informants
(affected people of the armed attack in this scenario)
to provide secured, silent messages to the response
agencies directly.

The adapted model is useful in a setting where staff,
patients and visitors can follow the steps of action,
especially the “Run” component. However, in an ED or
certain areas of the hospital such as intensive care unit,
operating/procedure rooms and wards, there are patients
who are not mobile or are physically impaired. Many
patients are also bed-bound, on life-support equipment
or undergoing procedures/surgery.'°

Healthcare staff must always consider the well-being
and safety of their patients and visitors first. During an
armed assailant incident, the crisis may overshadow the
need to prioritise their own safety. Hence, Inaba et al.
suggested an alternate strategy of “Secure, Preserve,
Fight” that can be adopted by the healthcare sector to
address these concerns.'!

* Secure: For the safety of patients who cannot be
evacuated due to the aforementioned reasons, and
also the staff who need to be with them, the location
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should be promptly secured. Locking mechanism
should be immediately activated by the respective
areas to secure their entrances, so that the assailant
is unable to enter those zones.

» Preserve: Healthcare staff taking care of these
patients should continue providing ongoing care to
preserve life.

* Fight: This strategy should be used only if
absolutely necessary, as stated before.

However, for the Singapore context, it would be
more appropriate to adapt the “Fight” component to the
“Tell” tactic. Rarely, there may be a need to consider
incapacitating the armed assailant in the event they are
identified. But this should only be undertaken as a last
resort to protect life.

Thus, based on this best available evidence and in
line with the national initiative of SGSecure to counter
terrorism, adopting the model of “Run, Hide, Tell” or
“Secure, Preserve, Tell” is recommended. This needs
to be individualised, taking into consideration the
infrastructure, department and types of patients. Adopting
strategies that would best suit Singapore’s needs can
significantly reduce the risks to patients and staff.

Healthcare workers (HCWs) in the proximity of
the armed assailant should not attempt to engage the
assailant in any way, whether verbal and/or physical.
Trained security personnel can attempt to de-escalate
the situation by maintaining adequate distance from
the attacker and not try to apprehend or overpower the
assailant. They can continue talking and engaging the
assailant and buy time where possible.

Another key concept that needs to be a part of the
response model is “Treat”. Being in a healthcare setting,
this is intuitive for any response. Once the scene is safe
and the assailant has been neutralised, the priority is to
identify seriously wounded casualties, patients or staff,
who require immediate care for injuries. For someone
who is bleeding profusely while hiding, all staff should
be trained to identify and treat airway obstruction and
major arterial haemorrhage by application of direct
pressure or a tourniquet. Healthcare facilities should
ensure they have adequate tourniquets to respond to an
armed assailant incident.

Care provided during an armed assailant event should
be remembered by the acronym THREAT: "

T — Threat suppression

H — Haemorrhage control

RE — Rapid Extrication to safety

A — Assessment by medical providers
T — Transport to definitive care

Management of public and media during the incident

In the current era of social media, news of an
incident will travel fast, resulting in influx of media
personnel, family and friends of patients and staff, as
well as curious bystanders. Anticipating this, a pre-
identified area some distance from the hospital should
be cordoned off by the security to ensure public safety.

Arrival of law enforcement officers

When armed officers from the SPF or the Special Tactics
and Rescue (STAR) team (a tactical unit of SPF) arrive,
the security in-charge should quickly liaise with them
at a designated meet-up point and brief them about the
current details of the incident, precautionary actions
taken, and review floor plans and CCTV images as
necessary. Staff and visitors should remain calm and
strictly follow the enforcement team’s instructions.
They should not ask the officers for help, leading to
delay or impeding the latter’s movement as their
primary aim is to neutralise the threat. People should
only exit the area when instructed to do so by the police
or security officers. Upon neutralisation of the threat
and after advice from SPF, an “All Clear” message
should be broadcasted by security across the hospital.

Post-incident

Recovery and business continuity

Once the attack has ended and the threat has been
neutralised, there is a need to assess the ability of the
department or hospital to continue routine operations.
Certain operations may be affected when that particular
area is secured for investigation, or suffers damage to
facilities and equipment. Those in charge must determine
if the department retains the capacity and staff to treat
its existing patients and new casualties, or an alternate
treatment area at a different location needs to be set up
to resume operations.

Behavioural health support plan

In the immediate aftermath of an attack, HCWs, patients
and other witnesses may be “secondary victims” due
to physical or mental trauma. As part of the recovery
process, the hospital needs to consider providing rapid
psychological assessment and first aid to the affected
people as necessary. All HCWs from the affected
areas should undergo a debriefing session from their
supervisors before resuming work. Their particular
needs or concerns should be appropriately addressed,
with those affected provided support by peers or medical
social workers. Such support, after the incident and
also as outpatient follow-up, should be arranged for all

Ann Acad Med Singap Vol 50 No 9 September 2021 | annals.edu.sg



716 Tackling armed assailant in hospital—Sohil Pothiawala et al.

people affected by the event, to reduce the traumatic
impact as well as to ease their recovery.

After-action review

A review should be conducted after an incident in a
timely manner, as valuable insights can be obtained
during this process. Improvement of response plan is
the goal of any preparedness effort. If the response plan
is modified, the new plan should be retested to assure
that it improves the entire system’s capability to respond.

Preparedness to an armed assailant attack

Every hospital should develop a response plan to
effectively address this risk. Valuable input from internal
and external stakeholders such as SPF, Singapore Civil
Defence Force (SCDF), Certis Cisco security and
Ministry of Health should be obtained while devising
these plans. Familiarisation of the response plan,
supplemented by periodic training of all healthcare
staff, will play an important role in triggering an
initial response, as well as adopting the subsequent
appropriate steps to mount an effective and efficient
response. The training module of the response plan,
including videos, should be developed and made available
on the organisation’s intranet for periodic training.

The next step would be to conduct table-top as well
as full-scale armed assailant mock drill involving
healthcare staff and volunteers participating as an armed
assailant and patients. Officers from SPF, SCDF and
STAR teams should come to the hospital in full gear to
respond to this mock event. These exercises are a great
way to evaluate the preparedness plan, clarify roles and
responsibilities, provide training, improve coordination
between internal and external stakecholders, obtain
participant feedback, and identify deficiencies and
recommendations for plan improvement. The lessons
learnt from these joint exercises would be invaluable
to instil confidence and improve readiness for such
incidents. Moreover, with advancement in technology,
deployment of CCTV with real-time artificial intelligence
video surveillance, facial recognition at entry points,
and use of robots to help security scale up patrols
without manpower resourcing can also be adopted for
surveillance and deterrence of such attacks.

In summary, armed assailant events in the hospital
are rare, and it is challenging to predict their occurrence.
The emergency preparedness units of all hospitals should
work together, along with various stakeholders, especially
SPF and SCDF, to develop hospital-specific armed
assailant incident response plan. Regular staff training,
incorporating online learning modules and simulated
drills, will increase the resilience and capability of
hospitals to respond to a potential threat in the future.
This would be of immense benefit to keep healthcare
facilities safe, both for staff as well as for the community.
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Impact of COVID-19 on paediatric and OBGYN residency training

in Singapore

Dear Editor,

The ongoing COVID-19 pandemic is likely to have
far-reaching implications on residency training under
the competency-based residency system, Accreditation
Council for Graduate Medical Education I (ACGME-I).
COVID-19 caused considerable disruption due to the
longer infectious period and greater asymptomatic
transmissibility.! This study aims to identify the impact
of COVID-19 on paediatrics, and obstetrics and
gynaecology (OBGYN) residency in KK Women’s and
Children’s Hospital (KKH), Singapore.

A qualitative phenomenological approach was used
to conduct semi-structured individual interviews
involving 15 paediatrics and 15 OBGYN residents.
These interviews were conducted either in person or
via telecommunication platforms between March 2020
and April 2020. Residents were selectively sampled to
ensure diversity in personal roles and social background
such as parents, marriage status and years in residency
(Table 1A). The conceptual framework of this study was
structured with reference to the studies from previous
pandemics.>” Data saturation® was reached after a total
of 30 residents, with 15 residents from each programme
interviewed.

The interview guide consisted of a standardised set
of open-ended questions focusing on the 3 major
domains (Table 1B) derived from literature review
of studies on SARS outbreak and HIN1 pandemic:*’
training, clinical environment and psychosocial impact.
Thematic analysis was performed to identify emerging
themes through descriptive phrases from the participants
(Table 1C). To reduce potential bias, the interviews
were recorded and each transcript was reviewed for
themes by at least 2 authors independently, who were
not involved in the interview process and were from
the other residency programme.

From the transcripts of the interview, the participants
described key aspects of their clinical training directly
influenced by COVID-19 pandemic (Theme 1). With
residents being redeployed to cover the isolation wards,
rotations to subspecialties had been reduced. Non-urgent
clinic visits and elective surgeries were rescheduled.
Residents rotated to external hospitals were arranged
to remain in these external postings, delaying the
resumption of their core postings. Collectively, these

had affected their year-on-year training progression.
Residents were also unable to attend teaching sessions
due to the insufficient manpower in the wards. A
multitude of activities designed for learning were
reduced, including grand ward rounds, clinical audit
meetings, conferences, bedside tutorials, multidisciplinary
team meetings, workshops and elective postings.
Some of these courses are compulsory requirements
for residency, hence their deferment would disrupt
residency progression. Cancellation of exit examination
has affected career progression, resulting in low
morale among senior residents. The delivery of clinical
education was challenging as didactic teachings were
conducted over teleconferencing platforms such as
Zoom. Virtual teaching may not be effective due to the
lack of personalised contact and classroom participation.
Moreover, videoconferencing was unable to replace
practical hands-on training sessions. Thus, the quality
of learning from clinical day-to-day work was perceived
to have been significantly compromised. To practise
social distancing, residents were no longer able to
observe a senior colleague in a clinic session to learn
specific counselling skills.

Changes in the clinical environment have significantly
reduced the working efficacy of the residents (Theme
2). The hospital created a set of infection control
protocols to provide guidance in suspect and confirmed
cases’ management. As these protocols were constantly
evolving, it was challenging for residents to keep up.
Respondents expressed the frustration of information
overload as multiple emails on protocol updates were
received regularly. The experience was aggravated with
protocols that were unfamiliar in their normal daily
practice. While personal protective equipment (PPE)
and COVID-19 test kits provided safety assurance,
donning PPE required additional time, especially
during emergency situations such as acute resuscitation.
Occasionally, strict protocols for PPE may not be
stringently adhered to, raising concerns over the
potential exposure to COVID-19. Additionally, the
physician-patient relationship was often hampered by
the usage of PPE as non-verbal communication, such as
subtle cues during clinical interactions, was significantly
impacted. Specifically, the fear that children experience
when seeing healthcare staff in PPE greatly affected the
clinical experience of the paediatrics residents, reducing

Ann Acad Med Singap Vol 50 No 9 September 2021 | annals.edu.sg



718 Impact of COVID-19 pandemic on residency training—Jason Lam Shang Leen et al.

Table 1. Design of the study

(A) Profile of the residents, with baseline demographics and year of residency training

OBGYN residency (n=15) Paediatrics residency (n=15)

Demographics
Age, years, mean+SD 31.8£3.6 31.5£3.0
Sex

Male, no. (%) 3(10.0) 7(23.3)

Female, no. (%) 12 (40.0) 8(26.7)
Nationality

Singaporean, no. (%) 14 (46.7) 11 (36.7)

Others, no. (%) 1(3.3) 4(13.3)
Marital Status

Single, no. (%) 8(26.7) 8(26.7)

Married, no. (%) 7(23.3) 7(23.3)
Year of residency training, no. (%)

Year 1 13.3) 3 (10.0)

Year 2 2(6.7) 2(6.7)

Year 3 2(6.7) 2 (6.7)

Year 4 3(10.0) 1(3.3)

Year 5 2(6.7) 4(13.3)

Year 6 5(16.7) 3(10.0)

Percentage is that of total participants
OBGYN: obstetrics and gynaecology: SD: standard deviation

(B) Standardised set of interview questions

Interview Questions

Key questions

1. Can you share how things at the workplace are different now compared to peace time? How do you feel about these changes?

(training/clinical environment)

2. Can you share how things in your personal life have changed since the start of the pandemic? How do you feel about these changes? (psychosocial)

3. What would you like the hospital and residency programme to do (or to do differently) for residents like yourself in this time?

Probing question examples (if specific research areas have not been covered in key questions):

1. How do you feel about having to work in a high-risk area?

2. How do you feel about the residency training that you are experiencing now?

3. How do you feel about the work assignments (e.g. rosters, job scope) that you are currently performing?

their work satisfaction. Decrease in the number of
doctors participating in ward rounds also resulted in
a lack of continuity of care. The issue of burnout has
also been a major concern. With the greater division of
manpower to cover both the general and isolation wards,

the workload was significantly higher for each resident.
Some respondents reported an increased number of
overnight calls, sometimes up to 3 times in a week.

The impact of COVID-19 on the resident’s psychosocial
well-being may directly affect their performance
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(C) Emerging themes through thematic analysis of the descriptive phrases from the participants

Impact of COVID-19 on three
major themes

Collective concerns disclosed by participants

Theme #1: The pandemic has a) Quantity: Insufficient subspecialty training and skills training

direct influence on the quantity

and quality of clinical training L
examinations

b) Quantity: Reduction or cancellation of courses, conferences, bedside tutorials, elective postings and exit

¢) Quality: Although alternative ways of teaching were established, they may not be the most effective way

to teach residents

Theme #2: The changes in the a) Constant changes in workflow can be confusing and challenging

clinical learning environment to
ensure clinician and patient safety

b) Residents feel safe in the new working environment

create challenges in working ¢) Safety protocols indirectly affected the physician-patient relationship

efficiently and effectively

d) Diversion of manpower to isolation wards resulting in longer working hours/more calls

Theme #3: The impact of the a) Personal well-being of residents was affected

pandemic on the residents’
psychosocial well-being may

b) A reduction in the interaction with family and friends due to concerns of transmission of COVID-19

directly affect their performance c) Support from the senior management is important

(Theme 3). While most respondents felt empowered
to contribute to society and the community at large,
some experienced low morale and motivation due to
leave cancellations, concern over residency promotion,
repeated deployment for isolation ward shifts, and the
impact on work-life balance. The residents expressed
fears that this may lead to burnout and being
underappreciated. There were also concerns of being
stigmatised on being tested positive for COVID-19.
Additionally, residents were concerned about possible
transmission of the disease to their family members
and friends, especially those with young children. To
prevent the potential spread of COVID-19, residents had
been refraining from meeting their friends and extended
families. Some residents made care arrangements for
their children to minimize the risk of exposure. While
most family members were understanding and
supportive, one respondent recounted that she was
advised not to work in the high-risk area if given the
choice. Lastly, respondents expressed concerns about
the lack of information and transparency to their
training continuity as well as work protocols. The issues
of paucity of input from the residents, and lack of
engagement in matters pertaining to changes in policies
and rosters were raised. The residency programmes had
not provided clarity or reassurances on the impact of
changes in the training on their individual progression.
Although the efforts of programme executives in
gathering feedback and arranging alternative modes of
teaching were appreciated, some respondents felt that
motivation from the management would boost their
morale.

There are limitations to this study. It is worth noting
that KKH is a dedicated standalone women’s and
children’s hospital that does not routinely provide adult
emergency medicine or adult non-OBGYN service.
Hence, it may not be experiencing the full impact of
the COVID-19 pandemic compared to a general
hospital. However, the perceptions of our residents may
be extrapolated and generalisable to the residents of
other specialties.”!® Further research is needed to
determine the impact of these implemented measures on
clinical training and resident wellness.

In conclusion, our residents have been significantly
adversely affected by COVID-19 during the ACGME-I
training. As the ACGME-I structure is highly time
sensitive, residents preparing for exit examination are
especially affected due to the magnitude and prolonged
duration of the pandemic. Various interventions to
minimise the impact should be considered early, such
as the use of online learning platforms and exercising
flexibility in promotion requirements. In addition,
all hospitals should encourage a supportive work
environment, and consult residents in the formulation of
key protocols. These measures are crucial to ensure the
physical and mental well-being of residents to prevent
the effects of stress and burnout.
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Preparing for caesarean delivery from the eyes of expectant mothers
and their partners: A questionnaire study

Dear Editor,

As the rate of caesarean delivery climbs, optimising its
outcomes has become a topic of increasing relevance
to clinical practice. Negative birth experiences are
associated with lower quality of life and traumatic stress
symptoms.' It is therefore important to evaluate and
enhance patient-centric outcomes such as overall
satisfaction, in addition to clinical outcomes. A secondary
study involving more than 6,000 women found that
caesarean delivery itself is a significant predictor of a
negative birth experience.! Conversely, smaller primary
comparative studies have reported significantly higher
satisfaction and fulfilment,> as well as lower anxiety
and guilt scores® among women who underwent planned
caesarean delivery compared with women who
delivered vaginally. The contrast in results is not
surprising given that the experience is influenced by
many factors. The findings of partners’ experiences,
moreover, raise concern. A systematic review of
fathers’ experiences found that healthcare systems tend
to situate fathers in an ambivalent space, as neither
patient nor visitor, diverging from their desire to be
engaged and supportive in the pregnancy journey.*

Notably, there is an absence of published data on
paired patients’ and partners’ caesarean delivery
experience in our population.

To address this gap, we designed a questionnaire
study among a random sample of approximately 100
couples at KK Women’s and Children’s Hospital,
Singapore. Women and their partners above 21 years
of age who had an elective caesarean delivery of a live
infant and who were able to read English were invited
to join the study. The primary aim was to elucidate
couples’ experience of preparing for delivery and
to evaluate the adequacy of information provided.
Secondary aims were to elucidate sources of information
accessed and perceptions of their usefulness; distil
valued elements in the pregnancy journey; and obtain
suggestions for improvement. The questionnaire
comprised separate sections for women and their partners
with multiple-choice, Likert scale and open-ended
questions to obtain quantitative and qualitative data.
A pilot study of 20 couples was conducted to establish
face validity and user friendliness of the questions.

A total of 111 couples were approached during
the study period. Of this, 85 (77%) responses were
received. The majority (73/85, 86%) included responses
from both women and their partners. Two-thirds of
women had one or more previous caesarean sections
(54/85, 64%), while the remaining had a primary
caesarean section (31/85, 36%). Three-quarters of
partners (54/75, 74%) had accompanied the woman
during most or all clinic visits, antenatal classes and
hospital admissions.

With regard to the preferred mode of delivery (prior
to visiting the obstetrician), responses were divided
between caesarean section (24/85, 28%), normal vaginal
delivery (30/85, 35%) and no preference (31/85, 36%).
The point at which the eventual decision for caesarean
section was made ranged from less than 1 week
(20/84, 24%) to more than 3 months prior to delivery
(23/84, 27%). Among the former, the most common
patient-reported indications for caesarean delivery were
a combination of obstetric factors (e.g. poorly controlled
maternal medical conditions, placenta previa and
multiple gestations) (5/20, 25%), 1 or more previous
caesarean section(s) (4/20, 20%) and macrosomia
(4/20, 20%). On the follow-up question of preparedness,
a minority of women (5/82 6%) felt they did not have
enough time to think about and prepare for delivery.

As studies have demonstrated an association between
unplanned caesarean delivery and a negative birth
experience,>® the discussion on the mode of delivery
should ideally be initiated early, or at least when the
possibility of caesarean delivery arises, even if the
final decision is made later. There may still be instances
when this is not possible due to unexpected factors.
Greater sensitivity, attention and support are key in
these instances.

Of the plethora of information sources, doctors were
the most accessed (69/85, 81%) and useful (26 out of
47 responses, 55%) source of information. The latter
held true among both “graduate mothers” (university/
college graduates) (12 out of 19 responses, 63%) and
“non-graduate mothers” (14 out of 28 responses, 50%).
Majority of women also reported that the information
provided by healthcare professionals was adequate
(65/85, 76%) and understood by them (74/85,
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87%). Qualitative data revealed that women viewed
information provided by doctors as reliable and they
valued doctors’ professional experience.

This reflects the profound degree of trust in the
obstetrician-patient relationship in our population. This
is similar to the findings of other studies that concluded
that healthcare providers are a frequently accessed’®
and valued® source of information. In fact, a survey
among over 600 women who used the internet as a
source for pregnancy-related information found that
prior to seeking information online, almost 70% of
women sought information from healthcare providers.!'”

In terms of discussion on the various aspects of
delivery, most women could remember the risks of
surgery to themselves (67/85, 79%) and discussion on
types of anaesthesia during surgery (56/85, 66%), while
fewer could remember being told what to expect in
the post-partum unit (25/85, 29%) and what to expect
about the recovery process (41/85, 48%). There was no
statistical difference in overall scoring between women
who underwent primary caesarean section and those
who underwent repeat caesarean section (P=0.67).
As explaining risks has more overt medico-legal
consequences if omitted, obstetricians may be focused

on this aspect. Anxious mothers themselves may also
be focused on obtaining and understanding information
on the surgery itself as opposed to what to expect
after. To address this disparity, we propose that the
process of information-sharing be enriched by
technology. In this study, the internet and/or social
media was the second most commonly accessed (60/85,
71%) and useful (9 out of 47 responses, 19%) source
of information. Qualitative data revealed that favourable
aspects were round-the-clock accessibility, pictorial
representation and reliability of hospital websites.
Hence, offering patient education resources on a
hospital-based website or application by leveraging
audiovisual tools could complement discussions in
the clinic.

Thematic analysis revealed that the best part of
couples’ experience was childbirth itself, and feeling
supported by their partners and the healthcare team in
the process (Table 1). Majority of the couples indicated
“strongly agree or agree” to having the opportunity to
ask questions (women: 76/85, 89%; partners: 60/73,
82%), feeling involved in the process of planning and
preparing for delivery (women: 68/85, 80%; partners:
59/73, 81%) and knowing what to expect on the day of

Table 1. Thematic analysis of women’s and their partners’ responses to the question on the best and worst part of their experience

Looking back, what was the best part of your experience?

Patients (n=85), no. (%)

Partners (n=73), no. (%)

Support from the healthcare team 37 (44)

Themes included: feeling cared for, seeing the baby
being taken care of, receiving prompt help, positive

staff attributes.

Childbirth experience and support 23 (27)

24 (33)

Themes included: seeing the woman and baby being
taken care of, follow-up by doctors and nurses after
delivery, receiving prompt help, caring and friendly
environment.

27 (37)
Themes included: witnessing delivery of the baby,

from the partner

Themes included: seeing the baby being born safely,
hearing the baby cry, skin-to-skin contact with the
baby, having the partner present during delivery.

knowing that the woman and baby are safe, being
with the woman during delivery, being a father.

Looking back, what was the worst part of your experience?

Patients (n=85), no. (%)

Partners (n=73), no. (%)

Antepartum

Peripartum

Postpartum

13 (15)
Themes included: visiting multiple different clinics,
long waiting times for consultation.

13 (15)

Themes included: feeling nervous, partner not
being permitted within the operating theatre,
receiving the epidural and medications,
complications during delivery.

21 (25)
Themes included: post-procedure tiredness and pain,
security entry for carers and guests.

6 (3)

Themes included: long waiting times for consultation,
having to leave a call-back request when calling the
telephone operator.

19 (26)

Themes included: waiting time between admission
and delivery, waiting outside the operating theatre,
complications during delivery.

13 (18)
Themes included: seeing the woman in pain and tired
after the delivery, language barrier with staff.
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delivery (women: 62/85, 73%; partners: 58/73, 79%).
Most women also reported that the process of listing
for caesarean delivery was smooth (64/85, 75%) and
described staff on the day of surgery positively (79/85,
93%), with the following descriptors most commonly
used: helpful (59/85, 69%), patient (23/85, 27%), and
experienced/professional (12/85, 14%).

Almost half of women (38/85, 45%) and partners
(35/73, 48%) did not report any negative experience,
suggesting they had an overall positive experience. Of
those who reported negative experiences, issues related
to processes and logistics formed the common thread
across the pregnancy journey (Table 1). This emphasises
the importance of adopting systems-based style of
practice. While it takes time to implement modifications
to workflows or services, the healthcare team plays an
integral role in pre-empting experiences or moderating
patient expectations. These may be a result of obstetric
factors (e.g. requiring more frequent and multidisciplinary
appointments for monitoring of medical conditions in
pregnancy) or system factors (e.g. postponement of
elective procedures due to emergent procedures).

In conclusion, the findings of this study are a reminder
for clinicians to celebrate the extraordinary experience
of pregnancy and birth with each couple. We have
proposed recommendations for improvement, which
hopefully will keep couples at the heart of our service.
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Non-tuberculous mycobacteria infections in peritoneal dialysis: Lessons from

a 16-year single-centre experience

Dear Editor,

Non-tuberculous mycobacteria (NTM) infections in
peritoneal dialysis (PD) patients are uncommon, but
they have been increasingly recognised as causes of
morbidity. NTM are generally non-pathogenic, but given
their abundance in the environment, they pose a threat to
PD patients who have broken integument, indwelling
devices and relative defects in cell-mediated immunity.'

The growth of NTM is enhanced in warmer climates,
which is common in tropical Asian countries. NTM are
classified as rapid or slow growing, defined by their
capacity to form visible colonies before or after 7 days
of subculture. Most NTM infections reported in the
literature were of rapidly growing species.? Despite the
rapid growth of NTM, it still takes 3—7 days to culture
them. This delays diagnosis, which is often further
delayed due to a low index of suspicion, with misdiagnosis
as culture-negative PD infections. The treatment of
NTM infections is challenging; PD patients with NTM
infections have been reported to do poorly.*> Rates of
PD catheter loss and change of dialysis modality are
high. Encapsulating peritoneal sclerosis (EPS) is a late
complication from NTM with significant mortality.>*¢
In this study, we describe the clinical outcomes of
PD-associated NTM infections in National University
Hospital PD Unit and propose treatment strategies.

As a follow-up to an earlier series from our centre,’
a retrospective study of all NTM infections in our
PD programme from January 2011 to May 2020 was
conducted. Data collected included demographics,
diagnosis method, treatment regimen, and patient
outcomes including catheter loss, switch of dialysis
modality and mortality. Ethics approval was obtained
from our institutional review board (reference number
2020/00662).

There were 18 patients with NTM infections
during our study period: 4 peritonitis cases, 10 exit
site infections (ESI), and 4 concomitant ESI with
peritonitis. Mycobacterium abscessus accounted for
89% of infections. The patient population was
multiethnic, with a median age of 53 years and a
median dialysis vintage of 2 years. Diabetes mellitus
was the commonest cause of end-stage kidney disease.
The median time from presentation to diagnosis of
NTM infection was 6 days (range 2-35 days). All
patients were treated with combination antibiotics

in consultation with an infectious disease specialist.
Eighty-nine percent of patients received amikacin and
78% received clarithromycin, with a median treatment
duration of 5 months. PD catheter was removed in 17
of 18 patients and all 4 patients who did not undergo
early catheter removal eventually developed recurrence,
requiring removal 1.5-2 years after the first diagnosis
of NTM infection. Three of 18 patients had a new
PD catheter reinserted at a different site shortly after
removal of the infected catheter (Table 1).

To the best of our knowledge, this is the largest single-
centre case series of PD-associated NTM infection
reported for Asia and internationally. PD-associated
NTM peritonitis was first described in 1983 by Pulliam
et al. with 100% mortality.” More reports of PD-
associated NTM infections have since emerged.>* Early
diagnosis at the ESI stage instead of the peritonitis stage
may improve outcomes. However, this is challenging,
as initial presentation and PD effluent findings are
often indistinguishable from bacterial infections.
Furthermore, acid-fast bacillus (AFB) smear-negative
disease is common.’ Only 2 of the 10 patients with
ESI in our study had positive AFB smears of the exit
site discharge. A high index of suspicion and early
testing for AFB is required to avoid the sequelae of
late diagnosis. If initial gram stain and bacteria culture
are negative, or response to first-line antibiotics is
poor, mycobacterial and fungal investigation should
be conducted.” We recommend repeat AFB smears
especially if the exit site discharge is mucoid, sticky
or greyish. M. abscessus accounted for the majority of
cases in our series, similar to previous Singapore data
collected.*® In contrast, M. fortuitum and M. chelonae
are more prevalent in other countries.” It is important
to identify the causative NTM species because
susceptibility to antimicrobials is often highly species-
specific.’ For M. abscessus, subspecies identification,
if available, may be additionally helpful.’

PD-associated NTM infections are difficult to
eradicate and invariably lead to high rates of catheter
loss.** Prolonged antimicrobial use exposes patients to
risks of complications such as ototoxicity and hepatitis.?
Treatment failure is also an issue—in a series of 12
patients, 11 required prescription change to second-line
antibiotics, while a further 5 patients needed third-
line antibiotics due to poor response.* Our experience
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showed that conservative management, even with
prolonged antimicrobials, resulted in poor outcomes
and adverse effects. Three cases (Cases 4, 16 and 17)
suffered permanent hearing loss from prolonged
aminoglycoside use despite therapeutic drug monitoring.
In contrast, Cases 13 and 15 were eradicated of NTM
and remained on PD without recurrence after early
removal of the catheter with reinsertion at a different
site. Our centre has previously published a case series
of 10 patients with PD-associated NTM infections from
2004-2009;* all patients suffered technique failure
with none returning to PD. The 3-month mortality was
higher in that series.

Table 1 outlines the treatments and outcomes in our
case series in comparison with that of Renaud et al.’
Both series proved the high rates of catheter loss and
technique failure. Importantly, our series demonstrated
3 key points, the first being the futility of conservative
management with catheter preservation and prolonged
antimicrobials. Secondly, recurrence-free return to
PD was achieved in 28% of patients with isolated ESI
through diagnosis, catheter removal, appropriate
antibiotics use and PD catheter reinsertion, either early
on (Case 13), or at an appropriate time later (Cases 7,
9, 15, 16). No patient with NTM peritonitis returned
to PD. NTM peritonitis did not recur in patients after
conversion to haemodialysis, suggesting that effective
antibiotics may prevent dissemination of NTM
peritonitis. Thirdly, recurrence-free continuation of PD
without conversion to haemodialysis is possible for
patients with isolated ESI, with removal of the infected
catheter and simultaneous reinsertion at a different
site (Case 13); however, we caution that further study
is required to define the patient selection criteria for
this option.

Adjunct surgical techniques such as local thermal
therapy and catheter deroofing have been found to
be successful to prevent NTM peritonitis in Japan.'
However, these techniques are operator dependent,
and the species involved were mainly M. chelonae and
M. fortuitum. It is unclear how effective these techniques
would be for M. abscessus.

In conclusion, PD-associated NTM infections are
associated with high morbidity, are very difficult to
eradicate, and prolonged antimicrobials alone without
catheter removal are associated with high recurrence,
catheter loss and a significant risk of adverse effects.
NTM infections require a high index of suspicion
for diagnosis, and outcomes may be better with early
recognition and prompt catheter removal. Early staged,
or simultaneous catheter reinsertion is possible, and
may allow patients to remain on PD if residual kidney

function is adequate. There is a pressing need for better
diagnostics and therapeutics to improve outcomes in
infections.
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A survey of young ophthalmologists’ perception of training in Asia

during COVID-19

Dear Editor,

The outbreak of the coronavirus disease 2019
(COVID-19) has resulted in the need to increase ward
and critical care capacity, leading to temporary
suspension of elective ophthalmic surgeries worldwide.!
There has been significant reduction in outpatient
activity and postponement of ophthalmology-based
examinations.? Many trainees have been redeployed
elsewhere. Ophthalmology congresses have been
cancelled or converted to webinars, while residency
teaching has been reduced or moved to virtual platforms
where possible. These measures have mitigated the
impact on residency training but cannot substitute the
experience in clinics and time in the operating theatre.
Prior plans made, such as fellowship training, may be
postponed or cancelled, hindering career progression.

Young ophthalmologists (YOs) are trainees and early
career ophthalmologists within the first 5 years of
independent practice. The implications of the pandemic
for training and career are expected to differ. We
conducted a survey to determine how training for YOs
have been affected by the pandemic in various countries
and territories (Singapore, Malaysia, Taiwan, Hong Kong
and India), between 6 May 2020 and 16 June 2020.
It was adapted from the North West School of Surgery
COVID-19 Training Disruption Notification Form?
and Impact of the COVID-19 pandemic on urology
residency training in Italy.* All respondents responded
to all questions in the survey.

A total of 242 responses were obtained (response
rate of 69.3%). Distribution was equal in sex (50.8%
men) and training year (51.2% trainees). There was no
significant difference in COVID-19 duties involvement.
In total, 52 (21.5%) of the total respondents were
involved in COVID-19 duties outside of routine
ophthalmological practice, of whom 9 out of 52 (17.3%)
were involved daily, while 43 (82.7%) were involved
more than once a week. Of the 52 respondents, 25
(48.1%) were deployed out of their primary institution.

The current COVID-19 pandemic has seen examination
postponement or cancellation affecting 52% of trainees
(P<0.001). There were 22 ophthalmologists who had
their fellowship plans delayed (P=0.027). There was a
significant impact on YO training in multiple domains
that have affected trainees disproportionately more than
early-career ophthalmologists.

Table 1 shows areas where ophthalmological training
were affected. Cancellation of teaching sessions have
significantly affected trainees more than ophthalmologists,
of which Singapore had the highest overall rate of
cancellation, followed by Hong Kong (P<0.001).

More acute cases were reviewed in Singapore
(38.1%) compared to Hong Kong (13.2%). Conjunctivitis
is one of the most common ocular conditions diagnosed
in the emergency department.’ In Hong Kong,® those
with acute conjunctivitis had their appointments
postponed for at least 14 days. By then, a large
proportion of the self-limited cases would have been
resolved.’

YOs were redeployed from ophthalmology-related
duties to critical care, emergency department, COVID-19
wards and screening facilities, worker dormitories and
other locations. In view of outbreak in the worker
dormitories, Singapore had the greatest change in
clinical placement and this could affect residency
training. Both ophthalmologists and trainees were
affected by leave cancellations. Cancellation of
training leave/conference leave was lowest in India. In
fact, during the lockdown phase in India, 85.2%
of respondents reported an increased frequency of
attending webinars, with almost half attending more
than 10 webinars on different disciplines.®

Additionally, 14 YOs returned to work earlier from
their hospitalisation or non-acute illness medical
leave. Staffing issue is prevalent worldwide amid the
pandemic, and healthcare workers are stepping up
voluntarily during times of need. However, it is worrying
that some with symptoms of acute respiratory infection
may feel pressured to return to work sooner than
recommended. There may be a need for advocacy groups
to increase awareness of the dangers of this culture to
patients, YOs and affiliated healthcare workers.

Our survey has shown thatalmostall YOs have decreased
exposure to surgical cases and 50-60% had practically
complete suppression. Outpatient procedures such as
intravitreal injections and laser procedures have seen
substantial reduction. In all the countries and territories
surveyed, surgical volume was reduced during the
pandemic and restricted to urgent or emergent conditions.’
A survey done by Rohan et al.!® highlighted cataract
surgery as ophthalmic trainees’ biggest concern during
the pandemic, especially for those who were starting.
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Table 1. Number of ophthalmologists and trainees affected by COVID-19 pandemic in each country/territory for different areas of ophthalmology

training and practice

Total affected, Ophthalmologists Trainees affected, P value
no. (%) affected, no. (%) no. (%)

Cancellation of teaching sessions 116 (48.3) 47 (40.2) 69 (56.1) 0.014
Hong Kong 15 (65.2) <0.001
India 26 (37.7)
Malaysia 28 (60.9)
Singapore 28 (66.7)
Taiwan 19 (31.7)
Cancellation/Postponement of examinations 94 (39.2) 30 (25.6) 64 (52.0) <0.001
Hong Kong 8(34.8) 0.513
India 29 (42.0)
Malaysia 22 (47.8)
Singapore 20 (47.6)
Taiwan 15 (25.0)
Change in clinical placement 78 (32.5) 28 (23.9) 50 (40.7) 0.006
Hong Kong 7 (30.4) <0.001
India 17 (24.6)
Malaysia 10 (21.7)
Singapore 27 (64.3)
Taiwan 17 (28.3)
Cancellation/Postponement of fellowship plans 33 (13.8) 22 (18.8) 11 (8.9) 0.027
Hong Kong 3(13.0) 0.027
India 12 (17.4)
Malaysia 10 (21.7)
Singapore 7(16.7)
Taiwan 1(1.7)
Cancellation of training leave 39 (16.3) 14 (12.0) 25 (20.3) 0.079
Hong Kong 8 (34.8) 0.004
India 7 (10.1)
Malaysia 7 (15.2)
Singapore 12 (28.6)
Taiwan 5(8.3)
Cancellation of conference leave 74 (30.8) 38 (32.5) 36 (29.3) 0.590
Hong Kong 11 (47.8) 0.001
India 9 (13.0)
Malaysia 14 (30.4)
Singapore 19 (45.2)
Taiwan 21 (35.0)
Cancellation of annual leave 76 (31.7) 38 (32.5) 38 (30.9) 0.792
Hong Kong 6 (26.1) <0.001
India 10 (14.5)
Malaysia 19 (41.3)
Singapore 23 (54.8)
Taiwan 18 (30.0)
Early return from hospitalisation leave/ 14 (5.8) 9(7.7) 5(4.1) 0.231
non-acute illness medical leave
Hong Kong 1(4.3) 0.054
India 3(4.3)
Malaysia 2 (4.3)
Singapore 0
Taiwan 8(13.3)
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Table 1. Number of ophthalmologists and trainees affected by COVID-19 pandemic in each country/territory for different areas of ophthalmology

training and practice (Cont’d)

Total affected, Ophthalmologists Trainees affected, P value
no. (%) affected, no. (%) no. (%)

Reviewing more cases that present acutely i.e. 49 (20.4) 15 (12.8) 34 (27.6) 0.004
emergency/walk-ins
Hong Kong 3(13.2) 0.009
India 16 (23.2)
Malaysia 8(17.4)
Singapore 16 (38.1)
Taiwan 6 (10.0)
Routine involvement in overnight call duties
prior to COVID-19
Yes 160 (66.7)
No 80 (33.3)
Decrease in call duty since COVID-19 onset 52 (21.7)
Decrease %
0-40 30 (57.7)
41-80 18 (34.6)
81-100 4(7.7)
Increase in call duty since COVID-19 onset 23 (9.6)
Increase %
040 17 (73.9)
41-80 5(21.7)
81-100 1(4.3)
Similar or not applicable 165 (68.8)
Decreased involvement in outpatient visits 196 (81.7)
Decrease %
0-40 83 (42.3)
41-80 87 (44.4)
81-100 26 (13.3)
Decreased involvement in surgical cataract 217 (90.4)
operations
Decrease %
0-40 31 (18.9)
41-80 43 (19.8)
81-100 133 (61.3)
Decreased involvement in surgical subspecialty 198 (82.5)
operations
Decrease %
0-40 45 (22.7)
41-80 41 (20.7)
81-100 122 (56.6)
Decreased involvement in outpatient 190 (79.2)
procedure(s) such as intravitreal therapy,
laser, incision and curettage
Decrease %
0-40 55(28.9)
41-80 59 (31.3)
81-100 76 (40.0)

A reduction of 0-40% in trainees’ involvement was classified as slight, 41-80% as severe and 81-100% as complete suppression. Chi-square test was

done for the analyses.
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Trainees are expected to have completed a minimum
number of phacoemulsification cataract procedures by
the end of training, have broad clinical exposure and
be clinically competent.!! With the reduction in surgical
numbers, those who are completing ophthalmology
residency or in their fellowship are the ones most
affected.'”” Some may have to compensate for the
deficiency by extending their training. Residency
requirements are being looked into to allow YOs to
progress reasonably through their programme. Any
changes proposed could be shared across residency
programmes to benefit YOs across the Asia-Pacific
region.

The multiple enforced restrictions have created a
perfect opportunity to brainstorm and reinvent the way
ophthalmology is taught. New technologies can be
shared among institutions. Currently, programme
directors are seeking ways to re-introduce teachings on
virtual platforms, and conferences are still proceeding
via online formats. Courses could be provided to tutors,
illustrating methods for effective online teaching. With
a lack of hands-on experience during the pandemic,
surgeries that do take place could be streamed for
real-time learning. Surgical simulators, where available,
are valuable adjuncts to hands-on training. YOs should
be given protected time to attend these sessions.
Virtual fellowships could be introduced, especially for
fellowships affected by the pandemic. These strategies
could overcome geographical boundaries and benefit a
greater number of trainees.

We recognise that a limitation of this study was the
number of YOs surveyed, as the percentage of YOs
surveyed was not uniform across the various geographies.
However, it was impractical to do so, especially in a
large country like India that has more than 2,000 YOs.

In conclusion, the COVID-19 pandemic has decreased
patient load, reduced exposure to surgical training, and
pushed educational activities to a digital format. There
is significant impact on ophthalmic training that has
not been adequately addressed. Key stakeholders
including academic institutions, professional bodies
and YOs need to collaborate and reinvent ophthalmic
education.
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A rare case of thigh asymmetry in an infant

A 6-month-old baby boy presented with asymmetry of
thighs since birth. On clinical examination, anteromedial
aspect of the left thigh was bulky with pale yellow
discolouration of the skin and no tenderness. The child
was referred for high-resolution ultrasonography. On
ultrasonography, there was evidence of a well-defined
isoechoic soft tissue lesion measuring 1.5x6.0cm in the
subcutaneous plane of the anteromedial aspect of the
upper two-thirds of the left thigh with multiple cystic
spaces (Fig. 1A). The lesion was noted to extend into
the intermuscular fascial planes with no evidence of
deeper muscle invasion (Fig. 1B). There was associated
thickening of the skin and subcutaneous fat with
increased echogenicity. The lesion was non-compressible
on application of pressure by the ultrasonography
probe. Colour Doppler ultrasonography revealed
absent vascularity within the cystic spaces of the lesion
(Fig. 1C).

What is your diagnosis?

A.  Rhabdomyosarcoma

Cavernous haemangioma
Venous malformation

Arteriovenous malformation

mo 0w

Mixed lymphatic malformation

Findings and diagnosis. A diagnosis of lymphatic
malformation of the thigh was made based on the
findings of high-resolution ultrasonography. Lymphatic
malformations tend to be infiltrative, permeate across
fat planes, and manifest with associated diffuse soft
tissue thickening and surrounding lymphoedema. The
child was referred to the department of paediatric surgery
for further management where an open surgical excision
under general anaesthesia was performed. Surgical
debulking of the soft tissue lesion was performed, which
demonstrated intermuscular extension via the fascial
planes on the subcutaneous plane of the lesion. However,
there was no deeper intramuscular invasion. The
intraoperative findings correlated very well with the
preoperative findings on ultrasonography. Intraoperatively,
the mass lesion consisted of a plethora of lymphatic
vessels, some >1cm in diameter and some <Icm in
diameter. Histopathology of the resected specimen
demonstrated multiple macrocystic and microcystic

i .

i
Ot
S,

Fig. 1. (A) High-resolution ultrasonography image demonstrating an
isoechoic soft tissue lesion with multiple macrocystic (e.g. area indicated
by a square) and microcystic (3 arrowheads) spaces in the anteromedial
aspect of the left thigh. Note the interspersed soft tissue component
(2 stars). (B) Far field high-resolution ultrasonography image
demonstrating the extent of the soft tissue lesion in the subcutaneous
plane with extension into intermuscular fat planes (arrow). (C) Doppler
ultrasonography image demonstrating absent vascularity within
the cystic spaces (in rectangle box) consistent with features of
lymphatic malformation.

Answer: E
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Fig. 2. Histopathology image demonstrating multiple macrocystic and
microcystic lymphatic channels in the background of loose connective tissue
stroma consistent with features of mixed lymphatic malformation. Note
the focal disorganisation of smooth muscle in the walls of larger channels
(haematoxylin and eosin staining, x200 magnification).

(Colour figure available online.)

lymphatic channels in the background of loose
connective tissue stroma, consistent with features of
mixed lymphatic malformation (Fig. 2). Postoperative
course was uneventful and the child was discharged
home after 1 week.

Discussion. Lymphatic malformations are developmental
anomalies of the lymphatic system. They are benign soft
tissue lesions and congenital in origin. They are also
often slow growing and frequently located in proximal
extremities—in this case, the trunk and axilla.! Lymphatic
malformations are classified as macrocystic, microcystic
or mixed, based on their imaging appearances.> Lymphatic
malformation involving soft tissues can be confidently
diagnosed based on high-resolution ultrasonography
and colour Doppler findings, which include isoechoic to
hypoechoic soft tissue masses showing multiple cystic
spaces and absent vascularity. Differential diagnosis
of soft tissue masses involving the extremities in the
infantile age group are vascular malformations such as
haemangioma (the most common); benign tumours such
as lipoma; malignant tumours of the smooth muscle such
as rhabdomyosarcoma; and lymphatic malformation.
Lymphatic malformations do not show spontaneous
resolution after birth, and first-line treatment includes
sclerotherapy, with debulking surgery reserved only as
second-line treatment.’

Although cystic lymphangiomas of congenital origin
involving extremities have been previously described,*
this case report deserves special attention due to the
lymphangiomas’ mixed appearance on ultrasonography.
The formations were composed of large cysts
interconnected with clustered smaller lymphatic cysts,

which were large sized at presentation across the upper
two-thirds of the thigh, a rare site for an infant. Mixed
lymphatic malformation of the extremity is rare, which
makes this case unique. Moreover, the lesion described
is confined only to the extremity, with no abdominal
extension. Literature review reveals varied presentation
of the entity such as juxta-articular lymphangioma of
the extremity,’ retroperitoneal and genital lymphangioma,®
and even acquired cases of progressive lymphangioma.’
Previously published case reports documented
abdominal lymphatic malformations extending to the
extremities, mostly in autopsy specimens of preterm
infants after termination of pregnancy.® This case
illustrates an uncommon yet important cause for
unilateral extremity swelling of congenital origin.
Although there were complaints of asymmetry of
thighs since birth in this case, the child had a delayed
presentation at 6 months when the mother felt an obvious
mass in the left thigh. However, prompt diagnosis of
the entity on ultrasonography and timely management
resulted in a favourable outcome. Since fetal lymphatic
malformations carry high risk of aneuploidy and
coexisting fetal malformations, prenatal diagnosis
of the entity on ultrasonography has a prognostic
significance.

Based on the size of the lymphatic lumen, lymphatic
malformations (previously termed lymphangiomas)
can be classified into microcystic lesions (previously
termed lymphangioma circumscriptum), macrocystic
lesions (previously termed cystic hygromas or cavernous
lymphangiomas), and a combined form as described
in this case. The mean diameters of cystic spaces are
>lcm in macrocystic lymphatic malformation and
<lecm in microcystic lymphatic malformation, and a
combination of these in mixed lymphatic malformation.
On ultrasonography, lymphatic malformations present
as soft, easily compressible masses that increase in
size in dependent positions or when venous pressures
increase (through crying or the Valsalva manoeuvre).
Lymphatic malformations appear as multilocular cystic
masses with internal septations of varying thickness.

The cystic contents in lymphatic malformations are
usually anechoic, and appear hyperechoic if debris,
high lipid concentration, infection or haemorrhage is
noted within. In lymphatic malformations, the cystic
spaces are noted in the skin and subcutaneous fat. The
cystic spaces are usually round or ovoid, rather than
tubular as seen with venous malformations. Lymphatic
malformations are non-compressible unlike venous
malformations. On colour Doppler ultrasonography,
no flow is demonstrated within the cystic spaces, but
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blood flow is demonstrable in the septae. Ultrasonography
including colour Doppler and spectral Doppler tracings
can evaluate vascularity and determine types of vessels
present in congenital vascular malformations. Soft
tissue venous malformations (haemangiomas) are
compressible with the typical multicystic and/or
partially solid heterogeneous echotexture, and can be
hypoechoic, hyperechoic, or isoechoic with respect to
surrounding structures.’ Although phleboliths are classic
of venous malformation and noted on plain radiographs,
they are rarely detected on ultrasonography. On colour
Doppler ultrasonography, monophasic waveforms with
low flow are noted in venous malformation, while
continuous high flow is noted in arteriovenous
malformation, and no flow is noted in large hypoechoic
cysts in lymphatic malformation. The presence of
pulsatile triphasic flow of nearby arteries in a venous
malformation should not be confused with arteriovenous
malformation. Rhabdomyosarcoma is the most common
soft tissue tumour of extremities in children, and
presents as a heterogeneous, well-defined and irregular
mass of low to medium echogenicity on ultrasonography. '’

Lymphatic malformations are congenital lesions,
which are present since birth. Although there were
complaints of asymmetry of thighs since birth in this
case, the child had a delayed presentation at 6 months
when the mother felt an obvious mass in the left
thigh. However, prompt diagnosis of the entity on
ultrasonography and timely management resulted in a
favourable outcome. Lymphatic malformation needs
to be included in the differential diagnosis of soft tissue
masses involving the extremities, especially when the
lesion is congenital and present since birth.
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