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ABSTRACT
Objectives Determine 90- day mortality of 
mechanically ventilated ward patients outside the 
intensive care unit (ICU) and its association with 
organisational factors.
Design Multicentre prospective observational study 
of mechanically ventilated ward patients. Modified 
Poisson regression was used to assess association 
between nurse to patient ratio (NPR) and 90- day 
mortality, adjusted for designated medical team, 
Society of Critical Care Medicine (SCCM) triage priority 
and centre effect. NPR was divided into low (1:9.6 to 
1:10), medium (1:6 to 1:8) and high (1:2.6). Sensitivity 
analysis was conducted for pneumonia with or without 
acute respiratory distress syndrome (ARDS) to assess 
magnitude of association.
Setting 7 acute public hospitals in Hong Kong.
Participants All 485 mechanically ventilated patients 
in wards from participating hospitals between 18 
January 2016 and 17 April 2016 were recruited. 
Three hundred patients were included after excluding 
patients with limitation of therapy within 24 hours of 
intubation.
Main outcomes 90- day mortality, Mortality Prediction 
Model III Standardised mortality ratio (MPMIII0 SMR).
Results 201 patients died within 90 days after 
intubation (67.0%, 95% CI 61.5% to 72.1%), with 
MPMIII0 SMR 1.88, 95% CI 1.63 to 2.17. Compared 
with high NPR, medium and low NPRs were associated 
with higher risk of 90- day mortality (adjusted relative 
risk (RRadj) 1.84, 95% CI 1.70 to 1.99 and 1.64, 95% CI 
1.47 to 1.83, respectively). For 114 patients with 
pneumonia with or without ARDS, low to medium NPR, 
too sick to benefit from ICU (SCCM priority 4b), no 
ICU consultation and designated medical team were 
associated with risk of 90- day mortality (RRadj 1.49, 
95% CI 1.40 to 1.58; RRadj 1.60, 95% CI 1.49 to 1.72; 
RRadj 1.34, 95% CI 1.27 to 1.40; RRadj 0.85, 95% CI 
0.78 to 0.93, respectively).
Conclusion The 90- day mortality rates of mechanically 
ventilated ward patients were high. NPR was an 
independent predictor of survival for mechanically 
ventilated ward patients.

INTRODUCTION
Invasive mechanical ventilation (MV) 
is potentially life saving; however, it is a 
complex procedure, and in high resource 
settings, invasive MV outside the periopera-
tive period is provided in intensive care unit 
(ICU).

However, ICU beds are limited in many 
parts of the world, and in disasters and 
epidemics, there is the risk of an under- 
supply even in high resource settings.1 2 As 
a result, provision of MV outside an estab-
lished ICU may be considered.3–6 However, 
there are very limited data on the outcome 
of patients receiving invasive MV in this 
setting. Existing data from single- centre 
studies indicate a hospital mortality of 
68%–89%, but there is little data on the 
factors associated with mortality.3 5–8 We 
carried out a multicentred observational 
study to prospectively document the 
outcomes of patients who were ventilated 
in a non- ICU environment and determine 
the organisational factors, particularly 
nurse to patient ratios (NPRs), associated 
with mortality within 90 days of endotra-
cheal intubation.

Strengths and limitations of this study

 ► First multicentre prospective study of ventilation 
outcomes in general wards.

 ► Analysis of organisational factors associated with 
survival including ward setting, medical team and 
nursing ratio.

 ► Limited by use of intensive care mortality prediction 
models on general ward patients to calculate stan-
dardised mortality ratio.

 ► Observational study does not demonstrate caus-
al relationship between organisational factors and 
survival.
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METHODS
Study design
This study was a multicentre prospective observational 
study to evaluate the outcome of patients receiving inva-
sive MV in general wards.

Setting and participants
The study period was from 18 January 2016 to 17 April 
2016 in seven acute public hospitals in Hong Kong. The 
seven hospitals included one tertiary teaching hospital 
and six acute general district hospitals. Their capacity 
ranged from 523 to 1935 acute beds, and total bed 
capacity was 9338. The total number of adult ICU beds 
was 106 across these seven hospitals. Overall, ICU bed 
capacity is relatively low in Hong Kong at 7.1 ICU beds 
per 100 000 population.1 Therefore, ventilated patients 
are often cared for on general wards when they are not 
referred for or refused from ICU admissions.

Hospital coordinators identified all patients who were 
intubated and given mechanical ventilator support in 
general medical wards during the study period. Patients 
who have been admitted to the ICU or High Depen-
dence Unit during their hospital stay were excluded from 
the study. Patients started on MV but had limitation of 
therapy within 24 hours of intubation were also excluded. 
The hospital coordinators collected clinical data of all 
recruited patients and followed them up for the outcomes 
until 90 days after intubation. The usual clinical team 
made all the clinical decisions on patient management 
without any additional intervention from the study.

Variables
Data were collected for the assessment of the Mortality 
Prediction Model III at admission (MPM III0): coma 
status, heart rate, systolic blood pressure, chronic renal 
insufficiency, cirrhosis, malignancy, acute renal failure, 
cardiac arrhythmia, cerebrovascular incident, gastroin-
testinal bleeding, intracranial mass effect, age, cardiopul-
monary resuscitation within 24 hours before admission, 
MV within 1 hour of admission, medical or unscheduled 
surgery admission and full resuscitation status.9 10 For 
the purposes of this study, because the patients were not 
admitted to ICU, ‘admission’ time was defined as the time 
of intubation. Sequential organ failure assessment (SOFA) 
score within 24 hours of intubation was also collected.11 
Society of Critical Care Medicine (SCCM) triage priority 
data were also retrieved from separate clinical audit on 
ICU consultations for patients whom have been assessed 
by the ICU team around the time of intubation.12 For the 
purpose of this study, we classified triage priority in the 
following groups: SCCM priority 1 (patients require inten-
sive treatment and monitoring) or 2 (patients requiring 
intensive monitoring and potentially needing immediate 
intervention), SCCM priority 3 (patients have a reduced 
likelihood of recovery), priority 4a (patients too well to 
benefit from ICU), priority 4b (patients too sick to benefit 
from ICU) and no ICU consultation. In public hospitals 
in Hong Kong, no ICU consultation usually implies that 

the chance of recovery is dismal and benefit from ICU 
care limited.

The reasons for invasive mechanical ventilator support 
were judged by the hospital coordinators, who enrolled 
the patient to the study, based on the information from 
the computerised hospital record, hard copy medical 
record and communications with the attending physi-
cians. The reasons were categorised into eight groups: 
pneumonia with or without acute respiratory distress 
syndrome (ARDS), secondary ARDS, obstructive airway 
disease, acute pulmonary oedema, neurological disease, 
postcardiac arrest or others. The following data on 
the model of care while receiving ward MV were also 
collected: whether the patient was cared for in a desig-
nated ward, by a designated medical team of attending 
physicians, and the NPR. Designated ward is defined as a 
whole ward or cubicles inside a ward, which only admits 
patients requiring MV. Designated medical team is 
defined as a team of physicians who are routinely respon-
sible for managing ventilated patients outside the ICU. 
Categories of NPR were determined retrospectively based 
on the ratios reported and were defined as low (1:9.6 to 
1:10), medium (1:6 to 1:8) and high (1:2.6).

The primary endpoint of the study was mortality 
within 90 days of intubation.Twenty- eight days mortality 
and hospital mortality were also evaluated. Standardised 
mortality ratio (SMR) was calculated by dividing the 
observed hospital mortality by the predicted mortality 
using MPM III0.

Quality of ventilator care was evaluated by assessing 
the number of blood gas analysis, the rate of endotra-
cheal tube events (obstruction or accidental extubation 
requiring reintubation), pneumothoraces during ward 
MV and the tidal volume per kg predicted body weight 
(PBW) by height on day 1 of MV.

Statistical methods
Sample size was determined on the basis of the desired 
precision of our estimate of mortality. Using nQuery 
Advisor V.7.0 (Statistical Solutions, Cork, Ireland) 
and the large sample normal approximation, a sample 
size of 246 patients was calculated, based on two- sided 
95% CI, which extended 0.05 from the observed 
proportion and an expected hospital mortality of 80% 
from a previous study comparing outcome of venti-
lated patients cared in ICU or on the ward.3

Discrete variables are expressed as counts 
(percentage), and continuous variables as mean and 
SD or median and IQR as appropriate after assessing 
normality visually and using the Shapiro- Wilk’s test. 
Complete case analysis was used to describe the 
baseline distribution of SOFA, PaO2/FiO2 ratio, tidal 
volume, arterial blood gases, ICU consultations and 
SCCM priority and in the regression models.

We compared NPR group characteristics using 
Kruskal- Wallis test with multiple pairwise compar-
isons adjusted with a Bonferroni correction. The 
SMR with 95% CIs was estimated using Open Source 



3Wong W- T, et al. BMJ Open 2021;11:e052462. doi:10.1136/bmjopen-2021-052462

Open access

Epidemiologic Statistics for Public Health (OpenEpi) 
V.3.01 software.13

The duration of follow- up was calculated from the 
start of MV on the ward to date of death in hospital 
or hospital discharge to home or another institution 
within 90 days. The association between NPR groups 
and risk of mortality within 90 days of commencing 
MV on the ward (relative risk (RR), 95% CI) was 
assessed using a modified poisson regression model 
with robust SE estimation, adjusting for hospital 
centre effects, type of ward (not designated, desig-
nated), medical team (not designated, designated) 
and SCCM triage priority.14 These variables for statis-
tical modelling were chosen using a directed acyclic 
graph approach in DAGitty software V.3.0 (online 
supplemental file 1).15 Age was not included in the 
regression model as it was not a confounder for the 
association between NPR and 90- day mortality. A 
modified poisson regression model with robust SE 
estimation was chosen after finding serious violations 
of the proportional hazard assumption in Cox survival 
analyses, and lack of adequate model fits using shared 
frailty parametric models.16 17 In order to better inform 
the management of the current COVID- 19 pandemic, 
a subgroup analysis of those patients with pneumonia 
(with or without ARDS) was carried out using the 
same methodology. Due to the smaller sample size in 
the subgroup analysis, low and medium NPR groups 
were combined. Data analyses were performed using 

Stata V.16.1 (StataCorp). The level of significance was 
set at p<0.05.

Patient and public involvement
Patients and the public were not involved in the design 
and conduct of this study.

RESULTS
Whole cohort
Of the 485 patients who were intubated and put on MV in 
the medical wards from 18 January 2016 to 17 April 2016, 
185 were excluded due to limitation of support within 24 
hours of intubation (figure 1). Across the seven hospitals, 
various combinations of different levels of NPR, desig-
nated wards and designated medical teams were adopted.

Baseline characteristics of the 300 included patients 
(table 1) showed that a substantial proportion was 
mechanically ventilated due to pneumonia with or 
without ARDS (38.3%). Overall, the cohort had a 90- day 
mortality at 67.0% (95% CI 61.5% to 72.1%). Hospital 
mortality was 62.3% (95% CI 56.7% to 67.7%) with an 
SMR of 1.88 (95% CI 1.63 to 2.17). Two hundred and 
sixty- seven patients (91.7%) were categorised as priorities 
3 (52.2%) or 4b (10.3%), or not evaluated for ICU admis-
sion (29.2%), as benefit from ICU care was expected to 
be limited.

Baseline tidal volume and height were documented 
in 274 (91.3%). Median (IQR) tidal volume was 7.6 
(6.7 to 8.6) mL/kg. Other measures of ventilator care 

Figure 1 Patient flow diagram.
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Table 1 Baseline demographics

Characteristics All patients Patients with pneumonia ±ARDS

Number of patients 300 115

Median (IQR) age, year 74.0 (65.0–83.0) 77 (68–85)

Male (%) 214 (71.3) 85 (73.9)

Reasons for requirement of MV support (%)     

  Pneumonia without ARDS 53 (17.7)   

  Pneumonia with ARDS 62 (20.7)   

  Obstructive airway disease 41 (13.7)   

  Secondary lung injury 5 (1.7)   

  Neurological disease 31 (10.3)   

  Post cardiac arrest 53 (17.7)   

  Pulmonary oedema 35 (11.7)   

  Others 20 (6.7)   

SCCM triage priority (%)*     

  Priority 1 (patients require intensive treatment and 
monitoring)

4 (1.4) 2 (1.8)

  Priority 2 (patients require intensive monitoring and 
potentially need immediate intervention)

11 (3.8) 3 (2.6)

  Priority 3 (patients have a reduced likelihood of recovery) 152 (52.2) 69 (60.5)

  Priority 4a (patients are too well to benefit from ICU) 9 (3.1) 2 (1.8)

  Priority 4b (patients are too sick to benefit from ICU) 30 (10.3) 11 (9.6)

  No ICU consultation 85 (29.2) 27 (23.7)

  SOFA score (first 24 hours after intubation) 9 (8- 11)† 9 (8–10)**

  PaO2/FiO2 ratio (mm Hg) on day 0 208 (104–410)‡ 164 (100- 307)††

  Duration of mechanical ventilation (hours) 99 (40–183) 150 (73–267)

  Tidal volume/ideal body weight on day 0 (ml/kg) 7.6 (6.7- 8.6)§ 7.7 (7.0- 8.6)††

  Positive end- expiratory pressure (cmH2O) 5 (5–8)¶ 6 (5- 8)‡‡

  Requiring vasopressor support (%) on Day 0 172 (57.3) 68 (59.1)

  Predicted number (%) of in- hospital deaths by MPM III0 99.4 (33.1) 27.5 (23.9)

  In- hospital deaths (%) 187 (62.3) 72 (62.6)

  Deaths within 28 days of intubation (%) 185 (61.7) 69 (60.0)

  Deaths within 90 days of intubation (%) 201 (67.0) 80 (69.6)

  SMR (95% CI) 1.88 (1.63–2.17) 2.62 (2.06–3.28)

  Hospital length of stay from intubation, days 10 (3–17) 13 (6–22)

  Hospital length of stay from hospital admission, days 13 (6–24) 18 (11–31)

Values are expressed as median and (IQR) unless specified.

*Missing data on SCCM triage priority in 9 of 300 patients.
†n=290.
‡n=275.
§n=274.
¶n=296.
**n=109.
††n=107.
‡‡n=113.
ARDS, acute respiratory distress syndrome; ICU, intensive care unit; MPM, Mortality Prediction Model; MV, mechanical ventilation; SCCM, 
Society of Critical Care Medicine; SMR, standardised mortality ratio.
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are shown in online supplemental file 2). All pairwise 
NPR groups comparisons were different from each 
for median number of arterial blood gas samples/
day done during MV (all p<0.015). High NPR was 
significantly different to medium NPR and low NPR 
for number of ICU consultations done per day of MV 
(p<0.001 and p=0.002, respectively). Low NPR was 
associated with more endotracheal tube events than 
high NPR (p=0.017) and medium NPR (p=0.004).

The SMRs varied by reason for MV (table 2) with 
the highest SMR in patients ventilated for pneumonia 
with ARDS. Compared with patients exposed to high 
NPR, patients exposed to medium and low NPRs were 
associated with a higher risk of mortality within 90 
days (adjusted RR (RRadj) 1.84, 95% CI 1.70 to 1.99 

and 1.64, 95% CI 1.47 to 1.83, respectively) after 
adjusting for hospital- centre effect, priority triage 
and designated medical team (table 3). Similar results 
were obtained after adjusting for hospital centre 
effect, priority triage and designated ward (online 
supplemental file 3).

Pneumonia with or without ARDS subgroup
Of the 115 patients, one patient did not have data 
on priority triage for the multivariable analysis. 
Compared with patients exposed to high NPR levels, 
patients exposed to medium to low NPRs were at 
higher risk of mortality within 90 days (RRadj 1.49, 
95% CI 1.40 to 1.58) after adjusting for hospital 
centre effect, priority triage and designated medical 

Table 2 Observed and expected hospital mortality by reasons for requirement of mechanical ventilation support

Reason Number (%) Predicted mortality by MPM III0 (%) Hospital mortality (%) SMR (95% CI)

Pneumonia without ARDS 53 (17.7) 13.5 (25.4) 31 (58.5) 2.30 (1.59 to 3.23)

Pneumonia with ARDS 62 (20.7) 14.0 (22.6) 41 (66.1) 2.92 (2.12 to 3.93)

Obstructive airway disease 41 (13.7) 10.4 (25.4) 16 (39.0) 1.54 (0.91 to 2.44)

Secondary lung injury 5 (1.7) 1.9 (38.8) 4 (80.0) 2.06 (0.66 to 4.98)

Neurological disease 31 (10.3) 11.0 (35.5) 18 (58.1) 1.64 (1.00 to 2.53)

Postcardiac arrest 53 (17.7) 33.6 (63.4) 52 (98.1) 1.55 (1.17 to 2.02)

Pulmonary oedema 35 (11.7) 9.4 (26.9) 14 (40.0) 1.48 (0.84 to 2.43)

Others 20 (6.7) 5.5 (27.5) 11 (55.0) 2.00 (1.05 to 3.47)

.ARDS, acute respiratory distress syndrome; MPM III0, Mortality Prediction Model III at admission; SMR, standardised mortality ratio.

Table 3 Association between various factors and risk of mortality within 90 days in 300 patients (unadjusted and adjusted RR)

Factor (n) Mortality (n, %) RR (95% CI) P value Adjusted RR (95% CI) P value

Nursing: patient ratio*

  High (101) 48 (47.5) 1.00 1.00

  Medium (68) 56 (82.4) 1.73 (1.49 to 2.01) <0.001 1.84 (1.70 to 1.99) <0.001

  Low (131) 97 (74.0) 1.56 (1.36 to 1.78) 1.64 (1.47 to 1.83)

Medical team

  Not designated (233) 146 (62.7) 1.00 1.00

  Designated (67) 55 (82.1) 1.31 (0.97 to 1.77) 0.079 0.86 (0.75 to 0.99) 0.040

Ward

  Not designated (132) 98 (74.2) 1.00

  Designated (168) 103 (61.3) 0.83 (0.54 to 1.27) 0.385 Dropped from model due to co- linearity

Priority triage (%)

  SCCM priority 3 (152) 101 (66.4) 1.00 1.00

  SCCM priority 1 or 2 
(15)

7 (46.7) 0.70 (0.43 to 1.15) 0.75 (0.50 to 1.14)

  SCCM priority 4a (9) 2 (22.2) 0.33 (0.05 to 2.19) <0.001 0.41 (0.07 to 2.33) <0.001

  SCCM priority 4b (30) 24 (80.0) 1.20 (1.06 to 1.37) 1.24 (1.07 to 1.45)

  No ICU consultation (85) 61 (71.8) 1.08 (0.86 to 1.36) 1.21 (1.00 to 1.47)

P values are for overall variable effect.
*High defined as one nurse: 2.6 patients. Medium defined as one nurse: 6–8 patients. Low defined as one nurse: 9.6–10 patients.
ICU, intensive care unit; RR, relative risk; SCCM, Society of Critical Care Medicine.

https://dx.doi.org/10.1136/bmjopen-2021-052462
https://dx.doi.org/10.1136/bmjopen-2021-052462
https://dx.doi.org/10.1136/bmjopen-2021-052462
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team (table 4). Similar results were obtained after 
adjusting for hospital centre effect, priority triage and 
designated ward (online supplemental file 4).

DISCUSSION
The 90- day mortality risk of patients who received MV in 
general wards was high (67.0%) and hospital mortality 
was 1.88 times higher than would have been expected, 
based on severity of illness and admission to an average 
performance ICU. The difference between actual and 
expected mortality was greatest among those ventilated 
for pneumonia and ARDS, in whom the SMR (95% CI) 
was 2.92 (2.12 to 3.93). NPR was an independent 
predictor of survival in the entire cohort (table 3) and in 
the subgroup ventilated for pneumonia with or without 
ARDS (table 4).

These data suggest that, in selected critically ill 
patients who were not admitted to ICU, MV outside an 
intensive care setting, although associated with a high 
mortality, may result in a substantial number of survivors. 
However, survival is strongly associated with nurse:pa-
tient ratio, SCCM priority and either designated ward or 
medical team. Our mortality was similar to that reported 
by two studies from Israel and one from Thailand but 
was substantially lower than previously reported from 
a single centre in Hong Kong.3 5–7 The association 
between NPR and survival is in keeping with previous 
data demonstrating an association between nurse:pa-
tient or nurse:nursing workload and mortality in criti-
cally ill patients.18–25 Our results are also consistent with 

a previous study showing higher workload, and reduced 
nurse staffing was associated with increased mortality 
in general wards.26 Furthermore, there were significant 
differences in frequency of arterial blood gas sampling 
and number of endotracheal tube events with different 
levels of nurse staffing.

Compliance with lung protective ventilation with a 
median tidal volume of 7.7 (7.0 to 8.6) mL/kg PBW was 
comparable to the ventilation practice for non- ARDS 
patients in ICUs from high- income and middle- income 
countries of 7.9 (6.8 to 9.1) and 7.8 (6.8 to 9.1) mL/kg 
PBW, respectively.27 28 Similarly, for subgroup of patients 
with ARDS, lung protective strategies adopted in our 
cohort were similar to the practice found in the LUNG 
SAVE study, which showed a mean (95% CI) tidal volume 
of 7.6 (7.5 to 7.7) mL/kg PBW.29 Our data suggest that 
compliance with lung protective strategy was generally 
good. However, a large portion of mechanically ventilated 
ward patients may still benefit from use of lung protective 
strategies.

The data related to the subgroup of patients with pneu-
monia with or without ARDS may be particularly relevant 
to the current pandemic of COVID- 19, although it has 
been suggested that phenotypic expression of COVID- 19 
is different to other causes of primary ARDS.30 Guide-
lines on expansion of ICUs in a disaster recommend that 
ICU capacity be increased, if necessary, by up to three 
times.31–33 Our data show that there is low but substan-
tial survival in these patients when invasively ventilated in 
general wards and provide support for the proposed ICU 

Table 4 Association between various factors and risk of mortality within 90 days in 115 pneumonia with or without acute 
respiratory distress syndrome patients (unadjusted and adjusted RR)

Factor (n) Mortality (n, %) RR (95% CI) P value Adjusted RR (95% CI) P value

Nursing: patient ratio*

  High (40) 24 (60.0) 1.00 1.00

  Medium to low (75) 56 (74.7) 1.24 (1.19 to 1.31) <0.001 1.49 (1.40 to 1.58) <0.001

Medical team

  Not designated (90) 61 (67.8) 1.00 1.00

  Designated (25) 19 (76.0) 1.12 (0.98 to 1.28) 0.097 0.85 (0.78 to 0.93) <0.001

Ward

  Not designated (50) 37 (74.0) 1.00

  Designated (65) 43 (66.2) 0.89 (0.76 to 1.06) 0.186 Dropped from model due to collinearity

Priority triage (%)

  SCCM priority 3 (69) 45 (65.2) 1.00 1.00

  SCCM priority 1 or 2 (5) 3 (60.0) 0.92 (0.60 to 1.41) <0.001 0.88 (0.57 to 1.36) <0.001

  SCCM priority 4a (2) 1 (50.0) 0.77 (0.19 to 3.06) 0.82 (0.23 to 2.94)

  SCCM priority 4b (11) 10 (90.9) 1.39 (1.27 to 1.53) 1.60 (1.49 to 1.72)

  No ICU consultation (27) 20 (74.1) 1.14 (0.96 to 1.34) 1.34 (1.27 to 1.40)

P values are for overall variable effect.
*High defined as one nurse: 2.6 patients. Medium defined as one nurse: 6–8 patients. Low defined as one nurse: 9.6–10 patients.
ICU, intensive care unit; RR, relative risk; SMR, standardised mortality ratio.

https://dx.doi.org/10.1136/bmjopen-2021-052462
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expansion, which is similar to ventilator care in non- ICU 
environment.

While the survival of mechanically ventilated ward 
patients may be promising, we also showed that survival 
is strongly associated with high NPR and care provided 
by designed medical team. LUNG SAFE study, an inter-
national multicentre study investigating the management 
of ARDS patients in ICU, found association between high 
NPR/physician–patient ratio and recognition of ARDS, 
which was associated with the use of lower tidal volume 
in ventilation.29 In the healthcare setting of COVID- 19 
pandemic, staffing levels for ventilated patients have been 
severely reduced, from a normal of one nurse per patient 
to one nurse for six patients, corresponding to our clas-
sification of medium NPR.34 Combining findings from 
our study and the LUNG SAFE study, any gain resulting 
from expansion of ICU facilities may be offset by a lower 
survival rate associated with inadequate staffing levels. 
Optimising the healthcare workers to patient ratio should 
be seriously considered in providing ventilator care in 
non- ICU environment or expanding ICU capacity.

The strengths of our study are that it is the first multi-
centre study of ventilation in general wards and the first to 
attempt to identify NPRs associated with survival. However, 
our data must be interpreted with caution. First, this was 
a purely observational study and, therefore, should not 
be interpreted as showing a causal relationship between 
NPR and survival. Furthermore, although we controlled 
for organisational characteristics (designated ventilation 
ward and medical team), it is possible that the demon-
strated association between NPR and survival is due to 
unmeasured confounders. In addition, we are unable 
to exclude the possibility that the apparently superior 
survival in patients cared for with a high NPR is simply due 
superior care in one hospital. However, we believe this is 
unlikely given the evidence demonstrating an association 
between nurse:patient or nurse:nursing workload and 
mortality in critically ill patients.18–21 Moreover, systemic 
differences in organisation factors between hospitals are 
unlikely since all public hospitals are managed by under a 
single organisation.23 24

In addition, the high SMRs should not be interpreted 
as demonstrating that ward ventilation results in poor 
outcomes as the finding is confounded by the fact that 
most patients were refused admission to ICU. Since 
MPM III0 was designed to evaluate the severity of illness 
of patients admitted to ICU it may not be well calibrated 
for patients who are refused ICU admission. Furthermore 
use of time of intubation as definition of “admission” 
time for calculation of MPM III0 may have increased the 
estimated mortality. Calculation of estimated mortality 
includes a contribution from intubation within 1 hour of 
admission, by defining admission time as the time of intu-
bation, we ensured that all patients met these criteria. An 
overestimate of expected mortality would have the effect 
of decreasing standard mortality ratios. Confounding by 
indication may also bias our cohort, although we have 
adjusted for each patient’s SCCM triage priority. We were 

also unable to determine the reasons why some of the 
patients were not referred to ICU for admission, though 
not referring to ICU usually implies dismal chance of 
recovery and limited benefit from ICU care. In addition, 
the absolute mortality in our patients may not be appli-
cable to other settings. As more than 70% of the cohort 
were evaluated by the ICU team and categorised as SCCM 
triage priority of 1–3, and the ICU bed provision is very 
low in Hong Kong (2.5 per 100 000 residents), a signifi-
cant proportion of our cohort may be admitted to ICU 
for MV in other healthcare systems with higher ICU provi-
sion.1 However, in the current pandemic, the supply:de-
mand imbalance in high ICU resource healthcare systems 
may be more similar to our study.

CONCLUSIONS
The 90- day mortality rates of mechanically ventilated 
ward patients were high. The difference between actual 
and expected mortality was greatest among those venti-
lated for pneumonia and ARDS. Ventilation practice with 
lung protective strategy in ward patients was comparable 
to recent practice in the critical care setting. Organisation 
of care including optimising NPR and assigning a desig-
nated team can improve survival for mechanically venti-
lated patients in non- ICU environment.
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