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Commentary

Despite being one of the first countries to be affected by 
COVID-19, Singapore has responded quickly to control  
the disease.1 It has been able to implement measures to 
prevent its healthcare system from being overwhelmed, 
while conducting studies into the clinical features, 
management and outcomes of COVID-19 patients 
with respiratory failure admitted to intensive care units  
(ICUs).2  A recent review shows how the country has 
managed in containing COVID-19 based on available 
published data and from relevant sources.3 

The COVID-19 pandemic represents the largest  
public health crisis since the severe acute respiratory 
syndrome (SARS) outbreak in 2003, especially for 
Singapore.4-6 The use of operating rooms (ORs) and the 
post-anaesthesia care units (PACUs) for intensive care  
is part of surge response planning. In this paper, 
we describe and discuss some of the practical  
considerations when using the ORs and PACUs as  
ICUs in a large tertiary hospital in Singapore. 

Surge Response. The COVID-19 pandemic has  
exerted a burden unparalleled in modern history on 
both healthcare workers and resources. Between 5 and 
16% of patients who test positive for COVID-19 will 
require critical care in an ICU.7-9 During a pandemic, 
the expansion of intensive care services is divided  
into 3 response categories that exist as a continuum: 
conventional, contingency and crisis.10 A surge  
response occurs in Category 3 where ICU capacity hits 
over 200% and standards of care are compromised. 

The Singapore General Hospital (SGH) is a  
1,700-bedder public hospital and is the largest academic 
tertiary-level acute care hospital in Singapore. During 
peacetime, the total ICU capacity within the campus  
is 58 beds. However, up to 120 critically ill patients  
could be potentially cared for by overflowing to high-
dependency units, OR and PACU with cancellation of 
elective surgeries.
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Abstract
COVID-19 has spread globally, infecting and killing millions of people worldwide. The  
use of operating rooms (ORs) and the post-anaesthesia care unit (PACU) for intensive care  
is part of surge response planning. We aim to describe and discuss some of the practical 
considerations involved in a large tertiary hospital in Singapore. Firstly, considerations 
for setting up a level III intensive care unit (ICU) include that of space, staff, supplies and  
standards. Secondly, oxygen supply of the entire hospital is a major determinant of the  
number of ventilators it can support, including those on non-invasive forms of oxygen 
therapy. Thirdly, air flows due to positive pressure systems within the OR complex need  
to be addressed. In addition, due to the worldwide shortage of ICU ventilators, the US  
Food and Drug Administration has granted temporary approval for the use of anaesthesia  
gas machines for patients requiring mechanical ventilation. Lastly, planning of logistics  
and staff deployment needs to be carefully considered during a crisis. Although OR  
and PACU are not designed for long-term care of critically ill patients, they may be  
adapted for ICU use with careful planning in the current pandemic.
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Care requirements of an ICU patient. Any area 
set aside for an ICU patient should ideally occupy a 
space adequate for a bed, ventilator and monitoring  
equipment (Table 1). There should be adequate room  
for movement around the patient during medical 
procedures, as well as space for a dialysis machine  
and an extracorporeal membrane oxygenator if  
required. Each cubicle should have its own dual  
oxygen, air, suction, water and electrical supply.  
Facilities housing COVID-19 patients should be  
isolated from the rest of the hospital to prevent  
cross-infection. Patients should ideally be isolated in  
single rooms, but if space is a constraint, cohorted  
patients in the same enclosed area should be placed at 
least 1 metre apart.11

threats that led to downstream rectification. In  
addition, there has been a nationwide call for former 
healthcare professionals, or those currently in private 
practice, to register their interest in joining the  
Singapore Healthcare Corps, which would serve as 
additional manpower.

ORs are not designed for long-term patient care. 
Supplies required include physical equipment such as 
ICU beds, pressure relief mattresses, ventilators, syringe 
pumps, PPE and a wider range of medications beyond  
that found in anaesthetic carts. Although the ORs come  
with anaesthesia gas machines, there may be a need  
to nurse more than 1 patient in each OR, hence  
requiring additional transport ventilators. Critically 
ill patients are more likely to have complex issues 
requiring multiple medications, which would need  
a more sophisticated drug inventory and complex 
preparation. The drug inventories have to be managed 
appropriately by the pharmacists to ensure unexpired 
stocks and appropriate storage conditions. It is  
important to maintain critical care standards in the 
management of COVID-19 and its complications. This 
is challenging given that in the surge response, these 
patients are most likely cared for by staff who have 
not formally received critical care training. Education 
and timely dissemination of information is key but this  
can be hampered by social distancing measures. Any 
hands-on or face-to-face teaching session is limited  
to less than 10 medical staff at one time. Electronic 
platforms such as Zoom and WebEx have been used to 
conduct meetings. Learning material, guidelines and 
COVID-19-related resources are updated regularly  
on the intranet. Peer support hotlines have been set up 
to provide adequate peer and professional support for 
medical staff. 

Oxygen supply. The volume of oxygen required in 
healthcare settings during peacetime can be staggering.14 
In Singapore, liquid oxygen is stored in large quantities 
(up to 10,000 litres) in a vacuum insulated evaporator 
(VIE), which has a maximum oxygen flow rate of  
around 2,300 litres/min (L/min). During a pandemic 
where oxygen requirements are substantially increased, 
daily refilling of the VIE may be necessary as opposed 
to topping it up when it falls below a preset amount.  
It is mandatory that all hospital oxygen supply has  
a primary and secondary source. The amount of reserve 
source supply will depend on how much is consumed  
and how fast oxygen supply can be restored. At  
SGH, VIEs usually come with an oxygen backup from  
a cylinder manifold that provides up to 4 hours of 
emergency supply should the VIEs run dry. Hence, it 

Table 1. Requirements of level III ICU

Requirements  

Space 1. Physical space
2. Oxygen source and supply
3. Water supply
4. Electrical supply
5. Isolation facilities
6. Negative pressure generation

Staff 1. Nursing
2. Medical
3. Allied Health
4. Cleaning Staff

Supplies 1. Medications
2. Equipment

Standards 1. Patient selection
2. Education
3. Psychosocial support

Although much attention has been focused on  
equipment such as ventilators and personal protective 
equipment (PPE), the main bottleneck for ICUs is  
skilled manpower.12 Each ICU bed will require 5 nurses 
to staff in order to provide a 1:1 nursing to patient 
ratio. Staffing for ICUs has traditionally been labour-
intensive and this baseline shortage is compounded  
by the prolonged training required to achieve  
competency. There is evidence that ICUs run by trained 
intensivists can reduce the mortality rate by over  
40% but this is not feasible during a pandemic.13

In our centre, we have instituted “just-in-time” 
inter-professional and in situ simulations during the 
initial COVID-19 outbreak to upskill our nurses and  
physicians from other departments to increase the  
critical care work pool at short notice. These measures  
have helped to identify latent processes and system  
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is important to liaise with the facilities and machine 
engineering department early to determine the amount 
and source of oxygen supply. 

In general, ICU ventilators require a much higher  
oxygen flow rate than anaesthesia gas machines, delivering 
flow rates of between 60–120L/min.15 The minimum 
flow that has been shown to be adequate to drive  
current ventilators is 80L/min at 360kPa.16  In addition, 
ventilators on continuous positive airway pressure  
or non-invasive ventilation (NIV) modes can use an 
extraordinary amount of oxygen up to as high as 120L/
min. Hence, it is important to calculate the number of 
ventilators utilised and patients on NIV as their care can 
be affected. VIEs can run dry if total oxygen capacity  
is exceeded. Moreover, bellows-type ventilators are  
designed to function at 45–60 pounds per square  
inch. If pipeline pressures drop due to maximal oxygen  
flow rate being exceeded, it can result in disastrous 
outcomes for all ventilated patients in the hospital. 
Other alternatives include oxygen cylinders and  
oxygen concentrators. 

Air flow and pressure systems in the ORs and 
PACU. The use of ORs can be attractive as they serve  
as isolation rooms equipped with an anaesthetic gas 
machine and monitoring devices. Surgery can also 
be potentially performed without the need for patient  
transfer. However, most ORs are positive-pressured, 
which is not desirable when AGPs such as intubation  
or suctioning are performed. To address this issue, OR 
doors must remain closed for at least 14–18 minutes  
after AGPs for the high efficiency particulate air filters  
to remove 99% of the particulate air matter since the OR 
air change rate is approximately 25 times per hour.17

PACU, on the other hand, is usually an open space  
with few, if any, isolation rooms. Hence, there is a risk 
of cross-infection between patients. As the PACU is 
located within the SGH operating theatre complex, it  
is also positive-pressured though lower than that in  
the ORs. 

The possibility of creating temporary negative  
pressure ORs and PACU for isolating COVID-19  
patients was explored in our centre. However, due 
to time and financial constraints, it was decided that 
non-COVID-19 ICU patients would be decanted to the  
ORs and PACU (Figs. 1 and 2), thus freeing up existing 
ICU facilities to nurse COVID-19 patients. 

Purposing anaesthesia gas machines as ICU 
ventilators. Anaesthesia workstations are designed to 
support patients with different ventilatory requirements  
as well as to deliver inhalational anaesthetics throughout 

the course of surgery in a safe and efficient manner. 
However, prior to the COVID-19 pandemic, the use 
of anaesthesia gas machines for long-term ventilatory  
support was not approved by the US Food and Drug 
Administration (FDA) due to key differences from ICU 
ventilators, making them suboptimal for the care of 
critically ill patients.18

Fig.1. Operating room converted to temporary ICU.

Fig. 2. Post-anaesthesia care unit converted to temporary ICU.

Due to the worldwide shortage of ICU ventilators  
to meet the potential needs of this worsening pandemic,  
the FDA granted temporary approval of the use of  
anaesthesia gas machines for patients requiring  
mechanical ventilation.19 Subsequently, various 
manufacturers and the Anaesthesia Patient Safety 
Foundation have issued notifications letters and  
statements detailing the off-label use of such devices for 
ICU ventilation.18,20-23  As anaesthesia gas machines differ 
from ICU ventilators in terms of working principles and 
user interfaces, an anaesthesia professional familiar with 
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the use of such devices should be immediately available 
at all times to manage and check on the machines at  
least every hour.18

In the current COVID-19 pandemic, physical space 
to care for patients as well as resources such as PPE are 
stretched. Non-traditional locations of ICU facilities may 
be required to cope with the surge. Although OR and 
PACU are not designed for long-term care of critically 
ill patients, they may be adapted to ICU use with  
careful planning in the current pandemic.
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