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ABSTRACT

Objectives This study aimed to compare mortality rates
and length of hospital stay between patients with critical
COVID-19 transferred to another hospital due to capacity
constraints and those who remained at their initial
admission hospital.

Design Single-centre cohort study.

Setting and participants 665 patients were treated

for SARS-CoV-2 at two intensive care units (ICUs) in
Stockholm, Sweden, from 1 March 2020 to 30 June 2021.
Data on interhospital transfers (IHTs) were retrieved from
medical records and patient data management systems
according to predefined protocols.

Main outcome measures The outcomes were 30-day
and 90-day mortality, days alive and out of ICU. HR with
95% Cl were calculated using Cox proportional hazard
models with adjustments for age, sex, body mass index,
severity of iliness, comorbidity, invasive ventilation,
treatment limitations and pandemic waves.

Results Of 665 patients, 133 (20%) were transferred to
another hospital. The mortality rate of transferred patients
compared with non-transferred patients at 30 days was
19% vs 26% (p=0.13) and at 90 days 26% vs 30%
(p=0.43). In the adjusted Cox regression analysis, IHT was
associated with a lower mortality risk at 30 days (HR 0.47,
95% C1 0.30 to 0.76) and 90 days (HR 0.52, 95% Cl 0.34
to 0.79). However, the number of days alive and out of ICU
was significantly lower for the IHT group at 30 days.
Conclusion In our study, IHT due to capacity constraints
among critically ill COVID-19 patients was not associated
with a higher mortality risk. The suitability for transfer was
likely associated with lower mortality, although residual
confounding cannot be ruled out. The requirement for
invasive ventilation among transferred patients might
account for the extended length of ICU stay, rather than the
transfer itself. However, the difficulty in studying this issue
lies in the fact that while patients are likely exposed to
risks during transfer, they are simultaneously the patients
stable enough to be transported.

BACKGROUND

Transports of critically ill patients between
intensive care units (ICUs) across hospitals
are relatively common. The primary reasons
include the need to transfer to a hospital with
specialised competence, as well as capacity
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The strengths are the comprehensive data collec-
tion conducted by dedicated researchers during the
three pandemic waves and validated by indepen-
dent researchers.

= The low proportion of missing data, and the adjust-
ment for known confounders in the analyses.

= The main weakness is the single-centre non-
randomised design.

= There may be a risk of selection bias in the
study, since it is likely that respiratory-stable and
haemodynamic-stable patients with recovery po-
tential were selected for transport.

= Information about the severity of illness immediate-
ly before transport was not readily available in our
cohort.

constraints at the transferring hospital."™

Regardless of the reason for the transport,
studies have shown that patient transfers entail
direct risks related to the transport itself and
can be linked to delayed diagnostics or treat-
ments.' “® In the years before the COVID-19
pandemic, around 600 ICU patients (1.8%)
were transported between hospitals in
Sweden each year due to resource shortages
at the sending ICU. However, during the
pandemic, the influx of patients requiring
ICU treatment significantly increased inter-
hospital transfers (IHTs) to 3.5%.°

Studies investigating the risk of IHT
during the COVID-19 pandemic have shown
conflicting results. Some studies indicate
that IHT is not associated with an increased
mortality risk® " or may even be associated
with a lower risk of death,14 whereas others
have shown that IHT is associated with alonger
duration of mechanical ventilation,10 ICU
stay'' '* and length of hospital stay.” ' None
of these studies were randomised controlled
trials, and many were limited by a small
sample size.” '’ ¥ Despite the large increase
in ICU beds in Sweden during the pandemic,
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a substantial proportion of critically ill patients were
transferred between hospitals. To the best of our knowl-
edge, no study has so far studied the influence of IHTs
on patient outcomes during the COVID-19 pandemic in
Sweden. Therefore, we aimed to compare mortality rates
and length of hospital stay between patients transferred
to another hospital due to capacity constraints and those
who remained at their initial admission hospital.

METHODS

Study design

This study included all adult patients (age >18 years) with
confirmed SARS-CoV-2, as verified by PCR test, requiring
intensive care at Sodersjukhuset, Sweden, between 1
March 2020 and 30 June 2021. The hospital is a secondary
referral centre, serving a diverse range of medical and
surgical patients in Stockholm, a city with 2.5million
inhabitants. The hospital has a total capacity of 600 beds
and houses a large emergency department with a contin-
uous inflow of acutely ill patients. Healthcare in Sweden
is predominantly funded by taxes, ensuring access to
medical services for all citizens. Normally, there are 18
beds dedicated to intensive care. However, during the
COVID-19 pandemic, the ICUs expanded to accommo-
date a total of 60 ICU beds. The reporting of the study
adheres to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines."

Cohort
All adult patients with a SARS-CoV-2 diagnosis and initial
admission to the study hospital’s ICU were eligible for
inclusion in the study. Patients first admitted to other
ICUs and subsequently transferred to the study hospital
were excluded. Additionally, patients transferred due to
reasons other than capacity constraints, such as repatria-
tion (return to a local ICU near the patient’s home) and
clinical transfers (requiring specialised care not available
at the admitting hospital) were excluded from the study.
Patients were identified using the patient data manage-
ment system. Clinical data were automatically and manu-
ally extracted from medical records and the patient data
management system using a predefined data collection
protocol to ensure consistency and uniformity of the
data collection. Cross-validation of data from randomly
selected patients was performed separately by two inde-
pendent researchers.

Exposure
The exposure was IHT, specifically defined as the
transfer of patients from the ICU at the index hospital to
another hospital’s ICU due to capacity constraints. These
constraints typically involve a shortage of staffed ICU beds
at the referring hospital, necessitating the transfer of
patients to ensure they receive the critical care they need.
The IHTs were conducted in accordance with the trans-
portrecommendations provided by the Swedish Society for
Anaesthesia and Intensive Care. These guidelines ensure

that transfers are carried out safely and efficiently, mini-
mising risks to the patient during transport. The guide-
lines cover various aspects, such as patient stability before
the transfer, necessary medical equipment during the
transfer and the qualifications of the medical personnel
accompanying the patient. The transfers were crucial
for managing ICU capacity and ensuring that patients
continue to receive appropriate care without delay.'® The
selection of patients for transfer was commonly carried
out in consultation with the admitting ICU. The decision
was based on the patient’s physiological status to ensure
safe transport and the receiving hospital’s capacity to
provide the required care. This process did not adhere
to a standardised protocol or guideline; rather, it relied
on the clinical judgement of senior physicians, who made
joint decisions about which patient was most suitable for
transfer, based on various clinical factors and the urgency
of the situation. The decision-making process involved
assessing the patient’s condition, stability, and the poten-
tial risks and benefits of transfer, aiming to ensure that
the patient most suitable for ICU care at another facility
was selected for transfer, taking into consideration the
overall capacity and resources of both the referring and
receiving hospitals. The lack of a standardised protocol
meant that decisions were tailored to individual cases
relying on clinical expertise and teamwork in managing
ICU capacity and patient care.

The transport was prepared according to local routines,
and handover was reported by telephone. ICU patients in
Stockholm are commonly transported between hospitals
using a mobile intensive care unit (MICU). An MICU is
staffed with one ambulance nurse, one paramedic and
one physician from the departing ICU. The MICU trans-
porter is more spacious than a standard ambulance and
is equipped with continuous electrocardiography moni-
toring, invasive haemodynamic monitoring and advanced
ventilatory support. Information about the date, time
and reasons for transfer was obtained from the patient’s
medical records and the patient data management system.

Outcomes

The outcomes were mortality at days 30 and 90 from ICU
admission and days alive and out of ICU. The length of
ICU stay was measured from the date of ICU admission to
the date of discharge from the ICU at Sédersjukhuset or
the admitting hospital.

Statistical analysis
Continuous variables are presented as medians with
IQRs, and categorical variables are expressed as numbers
and proportions (percentages). The distribution of
continuous variables was tested with the Shapiro-Wilk
test. Differences between groups were analysed using the
Mann-Whitney U test and the % test for continuous and
categorical variables, respectively.

In the survival analyses, patients were followed up
from the date of ICU admission until the date of death
or until 30 and 90 days had passed since admission.
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Kaplan-Meier curves were used to estimate the cumu-
lative risk of death, and the log-rank test was employed
to compare patients with exposure to IHT versus those
without IHT. Cox proportional hazards regression was
used to estimate HR with corresponding 95% CI for death
within 30 and 90 days from ICU admission. Multivariate
models were adjusted for age (continuous), sex (male/
female), body mass index (BMI) (<30/230 kg/m2),
Simplified Acute Physiology Score III (SAPS III) (>50/50
to 59/>60), Charlson Comorbidity Index (categorised as
0/1/ 2),17 invasive mechanical ventilation (yes/no), treat-
ment limitations (yes/no), COVID-19 waves (first wave,
March to September 2020 versus second and third waves,
October 2020 to January 2021 and February to June
2021)"® and IHT (yes/no). Both crude and multivari-
able models were investigated with no IHT as the refer-
ence group. Scaled Schoenfeld residuals were regressed
against survival time to assess the proportional hazard
assumptions, and Martingale residual plots, together with
the Grambsch-Therneau test, were used to assess evidence
of non-linearity. Variance inflation factors were used
when investigating multicollinearity. All variables were
complete except for SAPS and BMI, which were missing
for 105 and 6 patients, respectively. This was handled by a
separate category for patients with missing values.

Since the proportional hazards assumption in the Cox
regression was not met, indicating that the effect of the
variables could vary over time, we performed sensitivity
analyses on subgroups of patients based on length of
ICU stay (more than 6, 8, 10 and 12 days), COVID-19
waves, mechanical ventilation and treatment limita-
tions. Comparisons of days alive and free from ICU were
conducted using the Mann-Whitney U test and presented
as medians with IQRs.

A two-sided p value less than 0.05 was considered statis-
tically significant. The analysis followed a predefined
protocol and was conducted using the IBM SPSS Statistics
V.29 statistical software and R V.4.3.3 (R Core, 2017. R:
a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria).
All analyses were discussed and confirmed with an experi-
enced biostatistician.

Patient and public involvement

Patients and/or the public were not involved in the
design or conduct or reporting or dissemination plans of
this research.

RESULTS

Patient cohort

Of 2622 critically ill patients admitted to the two ICUs
during the study period, 674 had a confirmed SARS-CoV-2
diagnosis. Nine patients were transported for medical
reasons such as the need of extracorporeal membrane
oxygenation (ECMO) and five patients had been trans-
ferred to the study hospital from other hospitals/regions.
In total, 665 SARS-CoV-2 patients were included in the

2 622 patients admitted
to ICU between 1 March
2020 and 30 June 2021

Excluded: 1 943 patients
without SARS-CoV-2 as a
primary diagnosis

Excluded: 5 patients due
to transport from other
hospitals/regions

674 patients treated for
SARS CoV-2

Excluded: 9 patients
transferred for medical
reasons

665 patients analysed

532 patients not transferred
to other hospitals

133 patients transferred
to other hospitals

Figure 1
unit.

Flowchart of study inclusion. ICU, intensive care

study, of which 133 (20%) underwent interhospital trans-
ports due to capacity constraints (figure 1). All patients
(n=133) were transported to a hospital within a 30 km
radius or maximum of 30 min.

The median age of included patients was 64 years, and
mostwere men (72%). Patients who were transferred were
more often on mechanical ventilation (98%) compared
with the non-transferred patients (40%), and fewer had
limitations in terms of life-sustaining treatment (4% vs
15%). Otherwise, the groups were balanced regarding
patient and clinical characteristics (table 1). The median
day of IHT from admission was 6 (IQR: 3-11).

Interhospital capacity transfer and mortality

Analyses and distribution of IHT and mortality in patients
with critical COVID-19 are shown in table 2 and online
supplemental file 1. Mortality rates did not differ between
groups at either 30 days (19% vs 26%, p=0.13) or 90 days
(26% vs 30%, p=0.43). This was consistent across the log-
rank test for survival for 30 days (figure 2, p=0.06) and 90
days (figure 3, p=0.2), as well as the HR of the univariate
Cox regression of 0.66 (95% CI 0.43 to 1.02) for 30-day
mortality and 0.79 (95% CI 0.54 to 1.14) for 90-day
mortality. When the exposure of IHT was analysed in the
multivariate model, it was associated with a lower risk of
mortality for both 30 days (HR 0.47, 95% CI 0.30 to 0.76)
and 90 days (HR 0.52, 95% CI 0.34 to 0.79) (table 2).
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Table 1 Characteristics of patients admitted to an ICU for SARS-CoV-2

All patients Non-IHT patients IHT patients P value
Total number (%) 665 532 (80) 133 (20)
Age, median (IQR) 64 (565-72) 64 (55-72) 65 (57-71) ns
Sex, n (%) ns
Men 479 (72) 376 (71) 103 (77.4)
Women 186 (28) 156 (29) 30 (23)
BMI, n (%) ns
>30 253 (38) 202 (38) 51 (38)
<30 406 (62) 324 (61) 82 (62)
SAPS Ill, mean+SD 58 (47-67) 57 (49-65) ns
CCl category, n (%) ns
0 248 (37) 197 (37) 51 (38)
1 250 (38) 198 (37) 52 (39)
>2 167 (25) 137 (26) 30 (23)
Invasive ventilation, n (%) <0.001*
Yes 344 (52) 213 (40) 131 (98)
No 321 (48) 319 (60) 22
Limitations on life-sustaining treatments, n (%) 0.001*
Yes 83 (12) 78 (15) 5 (4)
No 582 (88) 454 (85) 128 (96)
COVID-19 period, n (%) ns
Wave 1 265 (40) 218 (41) 47 (35)
Waves 2-3 400 (60) 314 (59) 86 (65)

*P<0.05 statistically significant differences.
BMI, body mass index; CCI, Charlson Comorbidity Index score; ICUs, intensive care units; IHT, interhospital transfer; ns, no statistically
significant differences; SAPS lll, Simplified Acute Physiology Score lIl.

As the assumptions of proportional hazards were models except for IHT being associated with lower 30-day

* (s3gv) Jnauadns juswaublasug

violated when scaled Schoenfeld residuals were regressed mortality, including in the univariate analyses for patients
against survival time (p<0.001 for the multivariate model with an ICU LOS of more than 6 and 8days (table 3).
for 30-day and 90-day mortality), sensitivity analyses were Schoenfeld residuals indicated violations of propor-
performed. When splitting the time and analysing by tional hazard assumptions, including for the covariates
different lengths of stay (LOS) at the ICU, the assump- of mechanical ventilation, treatment limitations and

tions were fulfilled for patients with an LOS of 8days and COVID-19 wave in the multivariate models for 30 and 90
above (p=0.14 for 30-day mortality and p=0.09 for 90-day days. This issue was addressed by examining the various
mortality). The results did not differ from the original categories within these variables as subgroups. The

Table 2 Risk of death 30 and 90 days after IHT among critically ill patients with SARS-CoV-2 presented as HR with 95% Cl
(non-IHT as reference)

Risk of death after IHTs
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Exposure Mortality 30-day mortality 90-day mortality
30-day 90-day Unadjusted Adjusted Unadjusted Adjusted
All patients No (%) No (%) No (%) HR with 95%ClI HR with 95% CI HR with 95% CI HR with 95% CI
Non-IHT 532 (80) 136 (26) 157 (30) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)
IHT 133(20) 25(19) 34(26) 0.66(0.43t01.02) 0.47 (0.30t0 0.76)* 0.79 (0.54to 1.14) 0.52 (0.34 to 0.78)*

The models were adjusted for age, sex, body mass index categories (<30or >30), Simplified Acute Physiology Score, Charlson
Comorbidity Index (0, 1, >2), mechanical ventilation (yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1/waves 2-3).
*Statistically significant differences between groups, p<0.05.

IHT, interhospital transfer.
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Figure 2 Kaplan-Meier curve showing survival to day 30
from ICU admission for patients with SARS-CoV-2 infection
in Sweden between 1 March 2020 and 30 June 2021. ICU,
intensive care unit; IHT, interhospital transfer.

reason for the violation of the variables of mechanical
ventilation and treatment limitations was a small number
of patients/events in the groups of patients without
mechanical ventilation exposed to IHT and the group
with treatment limitations exposed to IHT (see details in
online supplemental files 2 and 3). When analysing the
subgroup of only mechanically ventilated patients, the
results changed in the univariate models, showing a lower
risk of mortality for 30 days (19.3% vs 32.9%, p=0.008)
and 90 days (26.0% vs 38.0%, p=0.029) in the IHT group
compared with the non-IHT group. In the multivariate
models, the decrease in mortality for the IHT group at

90-day mortality
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No IHT4 532 411 383 379
IHT1 133 114 102 99
0 25 50 75
Time (days)

Figure 3 Kaplan-Meier curve showing survival to day 90
from ICU admission for patients with SARS-CoV-2 infection
in Sweden between 1 March 2020 and 30 June 2021. ICU,
intensive care unit; IHT, interhospital transfer.

30 and 90 days remained unchanged. Excluding patients
with treatment limitations did not change the results.

Interhospital capacity transfer and mortality by COVID-19
wave

For the group of patients treated during the first COVID-19
wave, the univariate analyses for 30-day mortality indi-
cated a reduction in deaths for the IHT group, with a
HR of 0.26 (95% CI 0.10 to 0.73). The univariate anal-
yses for 90-day mortality and the multivariate analyses for
both 30-day and 90-day mortality remained consistent,
with HRs of 0.44 (95% CI 0.20 to 0.96), 0.24 (95% CI
0.08 to 0.66) and 0.38 (95% CI 0.17 to 0.85), respectively
(table 4).

For the group treated during the second and third
COVID-19 waves, the results differed from the original
multivariate models. In this subgroup, there was still no
significant difference between patients with and without
IHT in the univariate models, with HRs of 0.95 (95% CI
0.58 to 1.54) for 30-day mortality and 1.01 (95% CI 0.65
to 1.54) for 90-day mortality. However, unlike the find-
ings in the whole cohort, there was no longer a signifi-
cant difference in the associated risk of 30-day and 90-day
mortality in the multivariate models, with HRs of 0.68
(95% CI 0.38 to 1.18) and 0.63 (95% CI 0.38 to 1.04),
respectively (table 4).

IHT and days alive free of ICU

In unadjusted analyses, IHT patients had a median
of fewer days alive and free from the ICU at 30 days
compared with non-IHT patients (5, IQR: 0-18 vs 22,
IQR: 0-27, p<0.001). At 90 days, there were no statisti-
cally significant differences (figure 4). In the subgroup
of mechanically ventilated patients, no significant median
differences were observed at either 30 or 90 days.

DISCUSSION

In this study, transfers solely due to capacity constraints
during the COVID-19 pandemic were notassociated with a
higher risk of 30-day and 90-day mortality among patients
with critical COVID-19. Our results indicated that such
transfers may even be associated with a lower mortality
risk, especially for mechanically ventilated patients. IHT
was associated with a longer ICU LOS compared with
patients who remained in the admitting ICU. This was
probably explained by the higher prevalence of invasive
ventilation among transferred patients.

The risk of IHT has been investigated to some extent in
observational studies, although with conflicting results. A
Swedish register-based study of 2912 capacity-transferred
ICU patients before the pandemic found that transpor-
tation was associated with a lower risk of death within
90 days (OR 0.71, 95%CI 0.65 to 0.79)." Conversely,
another Swedish study including 11176 ICU patients
showed a higher risk of 30-day mortality after capacity
transfers (OR 1.25, 95% CI 1.06 to 1.49) and clinical
transfers (OR 1.17, 95% CI 1.02 to 1.36).2° However, the

Toss Agegérd L, et al. BMJ Open 2025;15:2090952. doi:10.1136/bmjopen-2024-090952

* (s3gv) Jnauadns juswaublasug
| p enbiydeiboiqig 8ousby 1e Gzoz ‘0T sunr uo jwod fwg uadolwa//:dny woly papeojumoq "Gzoz Arenigad 8T U0 ZS56060-720Z-uadolwag/9eTT 0T Sse paysiignd 1s.y :uadO CING

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


https://dx.doi.org/10.1136/bmjopen-2024-090952
http://bmjopen.bmj.com/

| p enbiydeiboiqig 8ausby 1e Gzoz ‘0T sunc uo jwod fwg uadolwa//:dny woly papeojumoq "Gzoz Arenigad 8T U0 ZS56060-720Z-uadolwag/9eTT 0T Sse paysiignd 1s.y :usadO CING

Open access 8

Table 3 The sensitivity analysis presents the risk of 30-day and 90-day mortality following IHT, categorised by the length of
ICU stay from admission to the day of transfer

Risk of death for IHT by the length of ICU stay

Exposure Mortality 30-day mortality 90-day mortality
30-day 90-day Unadjusted Adjusted Unadjusted Adjusted

ICULOS No (%) No (%) No (%) HR with 95% ClI HR with 95% CI HR with 95% CI HR with 95% CI
>6days

Non-IHT 241 (®65) 70(29) 83 (34) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 127 (35) 25(20) 34 (27) 0.62(0.39to 0.97)* 0.42 (0.26 to 0.68)* 0.70 (0.47 to 1.05) 0.45 (0.29 to 0.69)*
>8days

Non-IHT 187 (61) 57 (31) 69 (37) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 118 (39) 24 (20) 33(28) 0.61(0.38to 0.98)* 0.40 (0.24 to 0.67)* 0.69 (0.45t0 1.04) 0.43 (0.28 to 0.67)*
>10days

Non-IHT 161 (60) 49 (30) 61 (38) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 106 (40) 22 (21) 31(29) 0.63(0.38t01.05) 0.46 (0.27 to 0.78)* 0.71 (0.46to0 1.09) 0.49 (0.31 to0 0.77)*
>12days

Non-IHT 147 (60) 44 (30) 55(37) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 94 (40) 21(22) 3032 0.71(0.42t01.19) 0.48 (0.28 t0 0.85)* 0.80 (0.51 to 1.25) 0.53 (0.33 to 0.85)*

The analyses are presented as HR with 95% ClI, using non-IHT patients as the reference group.

The models were adjusted for age, sex, body mass index categories (<30 or >30), Simplified Acute Physiology Score, Charlson Comorbidity
Index (0, 1, >2), mechanical ventilation (yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1/waves 2-3).

*Statistically significant differences between groups, p<0.05.

ICU, intensive care unit; IHT, interhospital transfer; LOS, length of stay.

reference consisted of repatriated patients. While we from the first wave of the pandemic. This finding resem-
excluded such patients in our study, other studies have  bles ours, where the results were driven by lower mortality
confirmed that clinical transfer to a higher level of care is  in IHT patients during the first COVID-19 wave. A retro-
associated with comparable patient outcomes.”’ A French  spective cohort study including 5207 patients mostly with
cohort study of 18 348 COVID-19 patients in the ICU SARS-CoV-2 during wave 3 of the pandemic in Australia
found that transferred patients had a lower mortality rate found no association between IHT and rnortality.11 The
than non-transferred patients, concluding that this might  difference in outcomes between the pandemic waves may 5
be due to a rigorous selection process of patients eligible  be attributed to changes in healthcare conditions among -
for transfer."* However, the study only included patients  patients and the accumulated experience in managing =
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Table 4 The sensitivity analysis presents the risk of 30-day and 90-day mortality following IHT, categorised by pandemic
waves

Risk of death for IHT by COVID-19 wave
Exposure Mortality 30-day mortality 90-day mortality

30-day 90-day Unadjusted Adjusted Unadjusted Adjusted
Waves No (%) No (%) No (%) HR with 95% CI HR with 95% ClI HR with 95%Cl  HR with 95% CI

Wave 1

‘sa1Bojouydal Jejiwis pue ‘Bulurel

Non-IHT 218 (82) 61(28) 64 (29) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 47 (18) 4(9) 7 (15  0.26 (0.10 to 0.73)* 0.24 (0.08 to 0.66)* 0.44 (0.20 to 0.96)* 0.38 (0.17 to 0.85)*
Waves 2-3

Non-IHT 314 (78) 75(24) 93 (30) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

IHT 86 (22) 21(24) 27(31) 0.95(0.58t01.54) 0.68 (0.381t01.18) 1.01 (0.65to 1.54) 0.63 (0.38 to 1.04)

The analyses are presented as HR with 95% CI, using non-IHT patients as the reference group.

The models were adjusted for age, sex, body mass index categories (<30 or >30), Simplified Acute Physiology Score, Charlson Comorbidity
Index 0, 1, >2) mechanical ventilation (yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1/waves 2-3).

*Statistically significant differences between groups, p<0.05.

IHT, interhospital transfer.
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Figure 4 Days alive and free of ICU within 30 and 90 days among transferred and non-transferred patients. ICU, intensive care

unit; IHT, interhospital transfer.

the disease. Although capacity constraints remained high
during the pandemic waves, the outcomes improved due
to the learning curve in treating COVID-19 patients and
the implementation of standardised treatments.

Combining the findings of the present study with the
previous literature makes it reasonable to argue that IHT
of ICU patients does not appear to increase mortality.
Nevertheless, there may be other drawbacks to IHTs, such
as hospital-acquired infections, discontinued care, infor-
mation gaps or patients being intubated to ensure safe
transport, which may prolong the hospital stay.”***

The observed absence of increased mortality risk asso-
ciated with the transfer may be explained by the fact that
patients with recovery potential were carefully selected to
be stable enough to tolerate transport safely. This aligns
with the results from the above-mentioned French study.'*
Furthermore, the technical difficulties associated with
transporting patients with high-flow oxygen therapy with
high oxygen fractions most likely contributed to the deci-
sion to avoid such transfers, which was reflected in our
study where mechanical ventilation was more common in
the transferred group.

The main methodological strengths of this study were
the comprehensive data collection conducted by dedi-
cated researchers during the three pandemic waves and
validated by independent researchers, the low propor-
tion of missing data and the adjustment for known
confounders in the analyses. Among the main weaknesses

are the single-centre design and the non-randomised
design. There may be a selection bias in the study, with
patients on invasive ventilation and therefore with a
secured airway and having limitations of care to a lesser
extent, such as do not resuscitate orders, in the trans-
ferred group. This difference might explain the lower OR
for mortality in the adjusted analysis and also the longer
ICU LOS, as the treatments were not discontinued. In
this study, we selected mortality and days alive and out
of the ICU as one of the outcome measures. However,
we acknowledge that organ supportfree days could have
been another valuable parameter to assess the impact of
transfers. This alternative measure could provide addi-
tional insights into the safety of IHTs. Assessing illness
during transport and comparing different patient groups
presents several challenges. Information about the
severity of illness immediately before transport, which
might be more appropriate to include in the analyses than
the severity of illness at ICU admission, was not readily
available. We did not find sufficient and reliable data to
analyse this in our cohort. Furthermore, we used SAPS
III to assess illness severity instead of the more commonly
used systems like Acute Physiology and Chronic Health
Evaluation II or IV (APACHE II or IV). SAPS III is the
standard scoring system for intensive care patients in
Sweden and is used for reporting to the Swedish Intensive
Care Register, ensuring consistency and accuracy within
the national context. However, this choice may limit the

Toss Agegard L, et al. BMJ Open 2025;15:6090952. doi:10.1136/bmjopen-2024-090952

7

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e GZoz ‘0T aunc uo /wod fwg uadolwg/:dny woiy papeojumoq "G20zZ Alenigad 8T Uo Z56060-v202-uadolwag/oeTT 0T se paysiignd 1siiy :uadO (NG


http://bmjopen.bmj.com/

direct comparability of our results with studies using other
scoring systems. 14% of SAPS data were missing. The
missingness was primarily due to manual documentation
processes during the pandemic, leading to a gap at one of
the ICUs. This gap was likely caused by work-related issues
rather than patientrelated factors. Patients across the
two ICUs were similar in clinical characteristics and diag-
noses, and all other variables were complete, supporting
the assumption that the missing data were random. We
also conducted a sensitivity analysis with complete cases,
and the results remained unchanged. Another issue was
that lifestyle factors such as smoking, physical activity and
alcohol consumption, as well as socio-economic variables
like deprivation, education and employment status, were
not available in our dataset. As such, we were unable to
adjust for these variables in the analysis. Furthermore, we
have not investigated patients’ functional status after ICU
discharge, which is of high importance for evaluating
surviving patients’ well-being.

Differences in mortality between countries may depend
on variations in healthcare structure and the degree of
burden that the country and the healthcare organisa-
tion experienced during the pandemic. Well-established
routines for transport, availability of advanced medical
transport equipment and access to the same electronic
patient data management systems for transferring and
admitting centres may also influence the safety of trans-
port. The findings of this study may be somewhat represen-
tative of countries with comparable population structures,
healthcare systems and pandemic responses. The use of
standardised healthcare protocols ensures consistency in
patient care and treatment, which can make the results of
this study applicable to other regions facing similar chal-
lenges. Future studies should focus on whether certain
patient characteristics are predictive of safe transfers and
should study the effects of transfers on surviving patients’
ability to recover. Furthermore, it is important to explore
various types of complications related to IHT and long-
term outcomes to identify factors that may influence
treatment outcomes and thereby improve care.

CONCLUSIONS

In our study, IHT due to capacity constraints among
critically ill COVID-19 patients was not associated with
a higher mortality risk. The suitability for transfer was
likely associated with lower mortality, although residual
confounding cannot be ruled out. The requirement for
invasive ventilation among transferred patients might
account for the extended length of ICU stay, rather than
the transfer itself. However, the difficulty in studying this
issue lies in the fact that while patients are likely exposed
to risks during transfer, they are simultaneously the
patients stable enough to be transported.

Acknowledgements Special thanks to MD Jacob Litorell for developing, validating
and maintaining the COVID-19 database we used in this study.

Contributors KB and ARS: Conceptualisation, methodology, design, analysis,
writing the original draft, review and editing. LTA: Conceptualisation, methodology,
design, writing the original draft, review and editing. PS, MC and EJ-A:
Conceptualisation, methodology, design, review and editing. SJ: Conceptualisation,
methodology, design, analysis, review and editing. ARS: Responsible for the overall
content as guarantor.

Funding Thp study was supported by grants from the Swedish patient insurance
company (LOF). The funders had no role in the design or conduct of the study.

Competing interests None declared.

Patient and public involvement statement Patients and/or the public were
not involved in the design, or conduct, or reporting, or dissemination plans of this
research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
the Swedish Ethical Review Authority (Dnr: 2023-01778-01-380347, amendment
2023-01778-01). This was a register based study. The requirement for written
informed consent from patients was waived.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The data
that support the findings of this study are available from the corresponding author
on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Karin Berggren http://orcid.org/0009-0008-0124-4468

Eva Joelsson-Alm http://orcid.org/0000-0002-9041-2468
Anna Regina Schand| http://orcid.org/0000-0002-3603-1912

REFERENCES

1 Barratt H, Harrison DA, Rowan KM, et al. Effect of non-clinical inter-
hospital critical care unit to unit transfer of critically ill patients: a
propensity-matched cohort analysis. Crit Care 2012;16:R179.

2 Suski P, Jorres RA, Engelhardt S, et al. Period of hospitalization and
mortality in transferred versus non-transferred COVID-19 patients:
results from Germany. Sci Rep 2024;14:7338.

3 Wagner J, lwashyna TJ, Kahn JM. Reasons underlying interhospital
transfers to an academic medical intensive care unit. J Crit Care
2013;28:202-8.

4 Schwebel C, Clec’h C, Magne S, et al. Safety of intrahospital
transport in ventilated critically ill patients: a multicenter cohort
study*. Crit Care Med 2013;41:1919-28.

5 Parmentier-Decrucq E, Poissy J, Favory R, et al. Adverse events
during intrahospital transport of critically ill patients: incidence and
risk factors. Ann Intensive Care 2013;3:10.

6 Fanara B, Manzon C, Barbot O, et al. Recommendations for
the intra-hospital transport of critically ill patients. Crit Care
2010;14:R87.

7 Faine BA, Noack JM, Wong T, et al. Interhospital Transfer Delays
Appropriate Treatment for Patients With Severe Sepsis and
Septic Shock: A Retrospective Cohort Study. Crit Care Med
2015;43:2589-96.

8 Rush B, Tyler PD, Stone DJ, et al. Outcomes of Ventilated Patients
With Sepsis Who Undergo Interhospital Transfer: A Nationwide
Linked Analysis. Crit Care Med 2018;46:€81-6.

Toss Agegard L, et al. BMJ Open 2025;15:2090952. doi:10.1136/bmjopen-2024-090952

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| p enbiydeiboiqig 8ousby 1e Gzoz ‘0T sunr uo jwod fwg uadolwa//:dny woly papeojumoq "Gzoz Arenigad 8T U0 ZS56060-720Z-uadolwag/9eTT 0T Sse paysiignd 1s.y :uadO CING


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0008-0124-4468
http://orcid.org/0000-0002-9041-2468
http://orcid.org/0000-0002-3603-1912
http://dx.doi.org/10.1186/cc11662
http://dx.doi.org/10.1038/s41598-024-57272-y
http://dx.doi.org/10.1016/j.jcrc.2012.07.027
http://dx.doi.org/10.1097/CCM.0b013e31828a3bbd
http://dx.doi.org/10.1186/2110-5820-3-10
http://dx.doi.org/10.1186/cc9018
http://dx.doi.org/10.1097/CCM.0000000000001301
http://dx.doi.org/10.1097/CCM.0000000000002777
http://bmjopen.bmj.com/

Open access

3

9

10

11

12

13

14

15

16

(SIR) SICR. Transfer to another icu due to lack of resources. 2024.
Available: https://portal.icuregswe.org/utdata/en/report/qx_g5
[Accessed 30 May 2024].

Painvin B, Messet H, Rodriguez M, et al. Inter-hospital transport of
critically ill patients to manage the intensive care unit surge during
the COVID-19 pandemic in France. Ann Intensive Care 2021;11:54.
Cini C, Neto AS, Burrell A, et al. Inter-hospital transfer and clinical
outcomes for people with COVID-19 admitted to intensive care
units in Australia: an observational cohort study. Med J Aust
2023;218:474-81.

Wortel SA, Bakhshi-Raiez F, Termorshuizen F, et al. Comparison of
patient characteristics and long-term mortality between transferred
and non-transferred COVID-19 patients in Dutch intensive care units:
A national cohort study. Acta Anaesthesiol Scand 2022;66:1107-15.
Chen E, Longcoy J, McGowan SK, et al. Interhospital Transfer
Outcomes for Critically Ill Patients With Coronavirus Disease 2019
Requiring Mechanical Ventilation. Crit Care Explor 2021;3:€0559.
Sanchez M-A, Vuagnat A, Grimaud O, et al. Impact of ICU transfers
on the mortality rate of patients with COVID-19: insights from
comprehensive national database in France. Ann Intensive Care
2021;11:151.

Vandenbroucke JP, von EIm E, Altman DG, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE):
explanation and elaboration. Ann Intern Med 2007;147:W163-94.
(SFAI) SSoA. Guidelines for swedish intensive care. 2024. Available:
https://sfai.se/wp-content/uploads/2024/04/Riktlinjer-svensk-
intensivvard-2024.pdf [Accessed 04 Jul 2024].

17

20

21

22

23

Ludvigsson JF, Appelros P, Askling J, et al. Adaptation of the

Charlson Comorbidity Index for Register-Based Research in Sweden.

Clin Epidemiol 2021;13:21-41.

Welfare TNBoHa. Analys av forsta och andra covid-19 vagen -
produktion, kéer och vantetider i varden. 2021.

Rylander C, Sternley J, Petzold M, et al. Unit-to-unit transfer due
to shortage of intensive care beds in Sweden 2015-2019 was
associated with a lower risk of death but a longer intensive care
stay compared to no transfer: a registry study. J Intensive Care
2024;12:10.

Parenmark F, Walther SM. Intensive care unit to unit capacity
transfers are associated with increased mortality: an observational
cohort study on patient transfers in the Swedish Intensive Care
Register. Ann Intensive Care 2022;12:31.

Sternley J, Stattin K, Petzold M, et al. Circumstantial risk factors
for death after intensive care unit-to-unit inter-hospital transfer-a
Swedish registry study. Scand J Trauma Resusc Emerg Med
2025;33:14.

Baig SH, Gorth DJ, Yoo EJ. Critical Care Utilization and Outcomes
of Interhospital Medical Transfers at Lower Risk of Death. J Intensive
Care Med 2022;37:679-85.

Knight PH, Maheshwari N, Hussain J, et al. Complications during
intrahospital transport of critically ill patients: Focus on risk
identification and prevention. Int J Crit llin Inj Sci 2015;5:256-64.

Toss Agegard L, et al. BMJ Open 2025;15:6090952. doi:10.1136/bmjopen-2024-090952

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e GZoz ‘0T aunc uo /wod fwg uadolwg/:dny woiy papeojumoq "G20zZ Alenigad 8T Uo Z56060-v202-uadolwag/oeTT 0T se paysiignd 1siiy :uadO (NG


https://portal.icuregswe.org/utdata/en/report/qx_q5
http://dx.doi.org/10.1186/s13613-021-00841-5
http://dx.doi.org/10.5694/mja2.51917
http://dx.doi.org/10.1111/aas.14129
http://dx.doi.org/10.1097/CCE.0000000000000559
http://dx.doi.org/10.1186/s13613-021-00933-2
http://dx.doi.org/10.7326/0003-4819-147-8-200710160-00010-w1
https://sfai.se/wp-content/uploads/2024/04/Riktlinjer-svensk-intensivvard-2024.pdf
https://sfai.se/wp-content/uploads/2024/04/Riktlinjer-svensk-intensivvard-2024.pdf
http://dx.doi.org/10.2147/CLEP.S282475
http://dx.doi.org/10.1186/s40560-024-00722-6
http://dx.doi.org/10.1186/s13613-022-01003-x
http://dx.doi.org/10.1186/s13049-025-01325-2
http://dx.doi.org/10.1177/08850666211022613
http://dx.doi.org/10.1177/08850666211022613
http://dx.doi.org/10.4103/2229-5151.170840
http://bmjopen.bmj.com/

	Interhospital transports and mortality in patients with critical COVID-­19: a single-­centre cohort study
	Abstract
	Background﻿﻿
	Methods
	Study design
	Cohort
	Exposure
	Outcomes
	Statistical analysis
	﻿Patient and public involvement﻿

	Results
	Patient cohort
	﻿﻿Interhospital﻿﻿ capacity transfer and mortality
	﻿﻿Interhospital﻿﻿ capacity transfer and mortality by COVID-19 wave
	IHT and days alive free of ICU

	Discussion
	Conclusions
	References


