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ABSTRACT

Objectives

This study aimed to compare mortality rates and length of hospital stay between patients
with critical COVID-19 who were 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

Six hundred and sixty-five patients treated for SARS-CoV-2 at two intensive care units (ICU)
in X from 1 March 2020 to 30 June 2021. Data on interhospital transfers were retrieved from

medical records and patient data management systems according to pre-defined protocols.

Main outcome measures

The outcomes were 30- and 90-day mortality, days alive and out of ICU. Hazard ratios (HR)
with 95% confidence intervals (Cl) were calculated using Cox proportional hazard models
with adjustments for age, sex, body mass index, severity of illness, comorbidity, invasive

ventilation, treatment limitations and pandemic waves.

Results

Of 665 patients, 133 (20%) were transferred to another hospital. The mortality rate for
transferred patients compared to non-transferred patients at 30 days was 19% versus 26%

(p=0.13), and at 90 days 26% versus 30% (p = 0.43). In the adjusted Cox regression analysis,
2
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interhospital transfer was associated with a lower mortality risk at 30 days (HR 0.47, 95% Cl:
0.30-0.76) and 90 days (HR 0.52, 95% Cl: 0.34—0.79). However, the number of days alive and

out of ICU was significantly lower for the IHT group at 30 and 90 days.

Conclusion

This study indicates that interhospital transfer due to capacity constraints among patients
with critical COVID-19 was associated with lower mortality but an extended length of ICU
stay. The latter was probably due to the need for invasive ventilation among transferred
patients, not the transfer per se. Suitability for transfer may be associated with lower

mortality, but residual confounding cannot be excluded.

Strengths and limitations of this study

The strengths are the comprehensive data collection conducted by dedicated

researchers during the three pandemic waves and validated by independent

researchers.

e The low proportion of missing data, and the adjustment for known confounders in
the analyses.

e The main weaknesses are the single-centre non-randomised design.

e There may be a risk of selection bias in the study since it is likely that stable patients
with recovery potential were selected for transport.

¢ Information about the severity of illness immediately before transport was not

readily available in our cohort.
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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 constraints at the transferring hospital (1-3).
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
treatments (1, 4-8). In X, where the ICU beds per capita are among the lowest in Europe (9),
approximately 600 ICU patients are transported between hospitals each year due to a lack
of resources at the sending ICU (10). During the COVID-19 pandemic, the influx of patients
requiring ICU treatment significantly increased interhospital transfers (IHTs) (10). 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 (2, 11-14) or
may even be associated with a lower risk of death (15), whereas others have shown that IHT
is associated with a longer duration of mechanical ventilation (11-13), ICU stay (12) and
length of hospital stay (2, 12, 13). None of these studies were randomised controlled trials,
and many were limited by a small sample size (2, 11, 14). Despite the large increase in ICU
beds in Sweden during the pandemic, a substantial proportion of critically ill patients were
transferred between hospitals. To the best of our knowledge, no study has so far studied
the influence of IHTs on patient outcomes during the COVID-19 pandemic in X. Therefore,
we aimed to compare mortality rates and length of hospital stay between patients who
were transferred to another hospital due to capacity constraints and those who remained at

their initial admission hospital.
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METHODS

Study design

This study included all adult patients (age 218 years) with confirmed SARS-CoV-2, as verified
by polymerase chain reaction test, requiring intensive care at X Hospital (X) in X, X, between
1 March 2020 and 30 June 2021. The hospital is a secondary referral centre with a large
emergency department and a total capacity of 600 beds. Normally, there are 18 beds
dedicated to intensive care. However, during the COVID-19 pandemic, the ICUs expanded to
accommodate a total of 60 ICU beds. The study was approved by the Regional Ethical
Review Board X, X (Dnr: 2023-01778-01-380347, amendment 2023-01778-01), and the
requirement for written informed consent from patients was waived. The reporting of the
study adheres to the Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) guidelines (16).

Cohort

Adult patients admitted to the ICU due to SARS-CoV-2 as the primary diagnosis (ICD codes
JA36 and U07.1) were eligible for the study. Patients who were transported for reasons
other than capacity constraints (e.g. repatriation or clinical transfers) were excluded from
the study. Patients were identified using the patient data management system. Clinical data
were automatically and manually extracted from medical records and the patient data
management system using a pre-defined 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 independent researchers.
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Exposure

The exposure was IHT, defined as unit-to-unit capacity transfer, with the patient discharged
from the ICU at X Hospital and admitted to an ICU at another hospital. The IHTs adhered to
the transport recommendations issued by the X Society for Anaesthesia and Intensive Care
(17). The selection of patients for transfer due to capacity constraints was commonly done
in dialogue with the admitting ICU. The decision was based on whether the patient’s
physiological status allowed for safe transport, and on the admitting hospital’s ability to
provide the required care. The actual transport was prepared according to local routines for
transports, and handover was reported by telephone. ICU patients in X are commonly
transported between hospitals using a mobile intensive care unit (MICU). A MICU is staffed
with one ambulance nurse, one paramedic and one physician from the departing intensive
care unit. The MICU transporter is more spacious than a standard ambulance, and is
equipped with continuous electrocardiography monitoring, invasive hemodynamic
monitoring and advanced ventilatory support. Information about the date, time and reasons
for transfer was obtained from the patients’ 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. Length of ICU stay was measured from the date of ICU admission to the date of

discharge from ICU at X Hospital or the admitting hospital.
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Statistical analysis

Continuous variables are presented as medians with interquartile ranges (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 Chi? 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. Kaplan—Meier curves
were used to estimate the cumulative 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 hazard ratios (HR) with corresponding 95% confidence
intervals (Cl) for death within 30 and 90 days from ICU admission. Multivariate models were
adjusted for age (continuous), sex (male/female), body mass index (<30/230 kg/m?),
Simplified Acute Physiology Score Il (SAPS Ill) (>50/50-59/260), Charlson Comorbidity Index
(categorised as 0/1/2) (18), invasive mechanical ventilation (yes/no), treatment limitations
(yes/no), COVID waves (first wave, March to September 2020 versus second and third
waves, October 2020 to January 2021 and February to June 2021 (19)) and IHT (yes/no).
Both crude and multivariable models were investigated with no IHT as the reference 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
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which were missing for 105 and 6 patients, respectively. This was handled by a separate

category for patients with missing values.

To assess the robustness of the findings and potential variations in the data, we performed
sensitivity analyses on subgroups of patients based on length of ICU stay (more than 6, 8, 10
and 12 days), mechanical ventilation and COVID waves. Comparisons of days alive free from
ICU were conducted using the Mann-Whitney U test and presented as medians with

interquartile ranges (IQRs).

A two-sided p-value less than 0.05 was considered statistically significant. The analysis
followed a predefined protocol and was conducted using the IBM SPSS Statistics version 29
statistical software and R version 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 experienced biostatistician.
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RESULTS

Patient cohort

Of 2622 critically ill patients admitted to the two ICUs during the study period, 679 had a
confirmed SARS-CoV-2 diagnosis. Nine patients were transported to other hospitals for
tertiary care (e.g. ECMO) and five were repatriated to their home region. In total, 665 SARS-
CoV-2 patients were included in the study, of which 133 (20%) underwent interhospital
transports due to capacity constraints (Figure 1). All patients (n=133) were transported to a

hospital within a 30-kilometer radius or maximum of 30 minutes.

The median age of included patients was 64 years, and most were 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% versus 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 of IHT and mortality in patients with critical COVID-19 are shown in Table 2.
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 (Supplementary figure 1, p = 0.06) and 90 days (Supplementary figure 2, p =0.2), as
well as the HR of the univariate Cox regression of 0.66 (95% Cl: 0.43-1.02) for 30-day

mortality and 0.79 (95% Cl: 0.54—-1.14) for 90-day mortality. When the exposure of IHT was
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analysed in the multivariate model, it was associated with a lower risk of mortality for both

30 days (HR 0.47, 95% Cl: 0.30-0.76) and 90 days (HR 0.52, 95% Cl: 0.34-0.79) (Table 2).

As the assumptions of proportional hazards were violated when scaled Schoenfeld residuals
were regressed against survival time (p <0.001 for the multivariate model for 30- and 90-day
mortality), sensitivity analyses were performed. When splitting the time and analysing by
different lengths of stay (LOS) at the ICU, the assumptions were fulfilled for patients with a
LOS of eight days and above (p = 0.14 for 30-day mortality and p = 0.09 for 90-day
mortality). The results did not differ from the original models except for IHT being
associated with lower 30-day mortality, including in the univariate analyses for patients with
an ICU LOS of more than six and eight days (Table 3). Schoenfeld residuals indicated
violations of proportional hazard assumptions, including for the covariates of mechanical
ventilation, treatment limitations and COVID-19 wave in the multivariate models for 30 and
90 days. This issue was addressed by examining the various categories within these variables
as subgroups. The 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. 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% versus 32.9%, p=0.008) and 90 days (26.0% versus 38.0%, p=0.029) in the IHT group
compared to the non-IHT group. In the multivariate models, the decrease in mortality for
the IHT group at 30 and 90 days remained unchanged. Excluding patients with treatment

limitations did not change the results.

10
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The results differed between patients treated in the first COVID-19 wave and those treated

in the second or third waves. For patients in the first wave, all models — both univariate and

oNOYTULT D WN =

multivariate — showed that IHT was associated with lower HR of mortality at 30 and 90 days.
1 By contrast, no significant differences in mortality were observed between the IHT exposure
13 groups in the second and third COVID-19 waves for any of the models. More details

regarding the subgroup analyses can be found in Supplementary Files 4-6.

19 Interhospital transfer and days alive free of ICU

23 Compared with non-IHT patients, IHT patients had in median fewer days alive and free from
25 the ICU at 30 days (5, IQR: 0-18 versus 22, IQR: 0—27, p<0.001) and 90 days (64, IQR: 27-78
versus 81, IQR: 6-87, p=0.86) respectively (Supplementary figure 3). However, for

30 mechanically ventilated patients, there were no statistically significant median differences

R

32 between the groups at 30 days (5, IQR: 0—18 versus 2, IQR: 0-16, p=0.31) or 90 days (63,

35 IQR: 24-78 versus 60, IQR: 075, p=0.14).
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DISCUSSION

In this study, transfers solely due to capacity constraints during the COVID-19 pandemic
were not associated with a higher risk of 30- and 90-day mortality among patients with
critical COVID-19. Our results indicated that such transfers may even be associated with a
reduced mortality risk, especially for mechanically ventilated patients. Interhospital transfer
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 interhospital transfer has been investigated to some extent in observational
studies, albeit with conflicting results. A Swedish register-based study of 2,912 capacity-
transferred ICU patients before the pandemic found that transportation was associated with
a lower risk of death within 90 days (odds ratio 0.71, 95% Cl: 0.65—0.79) (20). Conversely,
another Swedish study including 11,176 ICU patients showed a higher risk of 30-day
mortality after capacity transfers (odds ratio 1.25, 95% Cl: 1.06—1.49) and clinical transfers
(odds ratio 1.17, 95% Cl: 1.02-1.36) (21). However, the reference consisted of repatriated
patients. While we excluded such patients in our study, other studies have confirmed that
clinical transfer to a higher level of care is associated with better patient outcomes (22, 23).
A French cohort study of 18,348 COVID-19 patients in the ICU found that transferred
patients had a lower mortality rate than non-transferred patients, concluding that this might
be due to a rigorous selection process of patients eligible for transfer (15). However, the
study only included patients from the first wave of the pandemic. This finding resembles
ours, where the results were driven by lower mortality in IHT patients during the first COVID

wave. A retrospective cohort study including 5,207 patients mostly with SARS-CoV-2 during

12
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wave 3 of the pandemic in Australia found no association between IHT and mortality (12).
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,
information gaps or patients being intubated to ensure safe transport, which may prolong

the hospital stay (24, 25).

The observed absence of increased mortality risk associated 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 (15). Furthermore, the technical difficulties associated with
transporting patients with high-flow oxygen therapy with high oxygen fractions most likely
contributed to the decision 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 dedicated researchers during the three pandemic waves and validated by
independent researchers, the low proportion 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 transferred group. This might explain
the lower OR for mortality in the adjusted analysis and also the longer ICU LOS, as the

treatments were not discontinued.

13
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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 have not investigated patients’ functional status after

ICU discharge, which is of high importance for evaluating surviving patients’ wellbeing.

Differences in mortality between countries may depend on variations in healthcare
structure and the degree of burden that the country and the healthcare organisation
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
transport. However, taken together, the findings of this study may be somewhat
generalisable to countries with similar demographics, pandemic situations and healthcare to
X. 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
This study indicates that interhospital transfer due to capacity constraints among patients
with critical COVID-19 was associated with lower mortality but an extended length of ICU

stay, probably due to the need for invasive ventilation among transferred patients and not

14
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the transfer per se. Suitability for transfer is probably associated with lower mortality, and

residual confounding cannot be excluded.
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Figure 1
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2622 patients admitted
to ICU between 1 March
2020 and 30 June 2021

Excluded: 1943 patients
without SARS-CoV-2 as a
primary diagnosis

679 patients treated for
SARS CoV-2

14 patients excluded:

9 patients transferred for
medical reasons

5 patients repatriated to
home region

665 patients analysed

133 patients transferred
to other hospitals

532 patients not transferred
to other hospitals
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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 (55-72) 64 (55-72) 65 (57-71) ns
Sex, n (%) ns 1
Men 479 (72) 376 (71) 103 (77.4) 4
Women 186 (28) 156 (29) 30 (23) g
BMI, n (%) ns 3+
>3() 253(38) 202 (38) 51 (38) T -
<30 406 (62) 324 (61) 82 (62) d
SAPS 3, mean + SD 58 (47-67) 57 (49-65) ns 3
CCI category, n (%) ns g

0 248 (37) 197 37) 51 (38)

1 250 (38) 198 (37) 52 (39) 3
>2 167 (25) 137 (26) 30 (23) g
Invasive ventilation, n <0.001* g g
(%) B
Yes 344 (52) 213 (40) 131 (98) el
No 321 (48) 319 (60) 2(2) g3
Limitations on life- 0.001* g2
sustaining treatments, n $L
(%) 28
Yes 83 (12) 78 (15) 5(4) 42
No 582 (88) 454 (85) 128 (96) >
COVID-19 period, n ns m
(Y0) e
Wave 1 265 (40) 218 (41) 47 (35) |
Waves 2-3 400 (60) 314(59) 86 (65)

Table 1. Characteristics of patients admitted to an ICU for SARS-CoV-2

Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; CCl: Charlson

Comorbidity Index score; SD: Standard deviation; ns=no statistically significant differences,
*p<0.05 statistically significant differences
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Table 2. Risk of death 30 days and 90 days after interhospital transfer among critically ill
patients with SARS-CoV-2 presented as hazard ratios with 95% CI (Non-IHT as reference)

Exposure Mortality 30-day mortality 90-day mortality
Variables 30 90 Unadjusted Adjusted Unadjusted Adjusted
days | days model model model model
No (%)
No No Hazard Hazard Hazard ratios Hazard
(%) (%) | ratios 95% Cl | ratios 95% 95% Cl ratios 95%
Cl cl
All
patients
Non-IHT 532 (80) 136 | 157 1.0 1.0 1.0 (referent) 1.0
(26) | (30) (referent) (referent) (referent)
IHT 133 (20) 25 34 0.66 (0.43—- | 0.47 (0.30- | 0.79(0.54- | 0.52(0.34-
(19) | (26) 1.02) 0.76) * 1.14) 0.78) *

The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, 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

Abbreviations: IHT: inter-hospital transport; Cl: confidence interval.
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Table 3. Sensitivity analyses regarding the risk of 30-day and 90-day mortality after interhospital transfe

hazard ratios with 95% CI (Non-IHT as reference
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ngth of ICU stay presented as

Risk of death for IHT by length of ICU stay

S o
=] >
S 5
S m
c &
O IT=
225
Exposure Mortality 30-day mortality HR with 95% ClI @ gi 90-day mortality HR with 95% ClI
ICU LOS Unadjusted Adjusted #%S Unadjusted Adjusted
>6 days ;'3 z
Non-IHT 241 (65) 70 (29) 83 (34) 1.0 (referent) 1.0 (referent) F 02 1.0 (referent) 1.0 (referent)
IHT 127 (35) 25 (20) 34 (27) 0.62 (0.39-0.97)* 0.42 (0.26-0.68) * 75 20.70 (0.47-1.05) 0.45 (0.29-0.69)*
>8 days d78
Non-IHT 187 57(31) 69 (37) 1.0 (referent) 1.0 (referent) Eif 1.0 (referent) 1.0 (referent)
IHT 118 24(20) 33 (28) 0.61 (0.38-0.98)* 0.40(0.24-0.67)* 2 ©30.69 (0.45-1.04) 0.43 (0.28-0.67)*
>10 days EE
Non-IHT 161 49 (30) 61 (38) 1.0 (referent) 1.0 (referent) g-% 10 (referent) 1.0 (referent)
IHT 106 22 (21) 31(29) 0.63 (0.38-1.05) 0.46 (0.27-0.78)* Z 30.71 (0.46-1.09) 0.49 (0.31-0.77)*
>12 days . S
Non-IHT 147 (60) 44 (30) 55 (37) 1.0 (referent) 1.0 (referent) El S 1.0 (referent) 1.0 (referent)
IHT 94 (40) 21(22) 30(32) 0.71(0.42-1.19) 0.48 (0.28-0.85)* 30 80 (0.51-1.25) 0.53(0.33-0.85)*
a

The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index (Q 1,\>2) mechanical ventilation
(yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1 or waves 2/3). *Statistically mgmﬁcant differences between groups,

p<0.05

Abbreviations: LOS: length of stay; ICU: intensive care unit; IHT: inter-hospital transfer; HR: hazard ratio;
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FIGURES

1.01

Survival probability

0.64

Supplementary figure 1. Kaplan-Meier curve showing survival to day 30 from ICU
admission for patients with SARS-CoV-2 infection in Sweden between 1 March 2020
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and 30 June 2021.
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Supplementary figure 2. Kaplan-Meier curve showing survival to day 90 from ICU
admission for patients with SARS-CoV-2 infection in Sweden between 1 March 2020
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Supplementary figure 3. Days alive and free of ICU within 30 and 90 days.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

75

‘salbojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa) 01 pale[al sasn Joj Buipnjoul ‘ybluAdoo Aq paloslold

* (s3gv) Inalladns juswaublasug

-

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

90-day mortality by ICU day of transport

15=

Survived
[ Died

=l
1

Number of patients

il e o

Days Until Transfer

Supplementary Figure 4. Patient distribution of 90 days mortality by ICU day of

transfer
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For the group without mechanical ventilation (total 321, 319 without IHT and two with
IHT), neither of the two patients with exposure to IHT died within either 30 or 90 days
compared to the 66 patients (21%) in the group without mechanical ventilation in the
group not exposed to IHT. Due to the small number of patients and no event in the
group without mechanical ventilation and IHT, the analyses were neither of interest

nor statistically appropriate.

When analysing only the subgroup of patients with mechanical ventilation (total 344,
213 without IHT and 131 with IHT), the results showed a reduced risk of death in
both the univariate model, HR 0.51 (95% CI 0.32-0.81) for 30-day mortality and HR
0.60 (95% CI 0.40-0.89) for 90-day mortality, and the multivariate model, HR 0.40
(95% CI 0.25-0.65) for 30-day mortality and HR 0.45 (95% CI 0.30-0.68) for 90-day

mortality.

For the group with treatment limitations (total 83, 78 without IHT and five with IHT),
three patients (60 %) with exposure to IHT died within 30 and 90 days compared to
the 55 (66%) and 58 (70%) with no exposure to IHT in 30 and 90 days, respectively.
Even though the percentage was about the same in the two groups, the analysis was
not carried out due to the small number of patients exposed to IHT with treatment
limitations. For the patient group without treatment limitations (total 582, 454 without
IHT and 128 with IHT), the results were the same as in the original models, showing
no difference between patients without exposure to IHT compared to patients with
exposure in the univariate model, HR 0.92 (0.58-1.48) for 30-day mortality and HR
1.08 (95% CI 0.72-1.60) for 90-day mortality, and a difference in the multivariate
model, HR 0.38 (95% CI 0.23-0.62) for 30-day mortality and HR 0.45 (95% CI 0.29—

0.68) for 90-day mortality.
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For the group of patients treated during the first COVID-19 wave (total 265, 218
without IHT and 47 with IHT), the results showed a reduced risk of death in the
univariate analyses for 30-day mortality, HR 0.26 (95% CI 0.10-0.73). For the
univariate analyses for 90-day mortality and the multivariate analyses for both the 30-
and 90-day mortality, the results were unchanged, HR 0.44 (95% CI 0.20-0.96), HR
0.24 (95% CI 0.08-0.66) and HR 0.38 (95% CI 0.17-0.85). For the group treated
during COVID waves 2 and 3 (total of 400, 314 without IHT and 86 with IHT), the
results also differed from the original multivariate models. In this subgroup, there was
still no difference between patients with and without exposure to IHT in the univariate
models, with HR 0.95 (95% CI 0.58 to 1.54) for 30-day mortality and HR 1.01 (95%
Cl 0.65-1.54) for 90-day mortality. However, contrary to the findings in the whole
cohort, there was no longer a difference in the associated risk of 30- and 90-day
mortality in the multivariate models, HR 0.68 (95% CI 0.38-1.18) and HR 0.63 (95%

Cl10.38-1.04)
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1

2

3 Supplementary Table 6. Characteristics of mechanically ventilated patients admitted to an

: ICU for SARS-CoV-2 (non-invasive ventilated patients were excluded)

6 All patients Non-IHT patients IHT patients p-value

7

8 Total number (%) 344 213 131

9 Age, median (IQR) 64 (55-71) 64 (55-71) 65 (57-72) ns

}? Sex, n (%) ns

12 Men 258 (75) 157 (74) 101 (77)

13 Women 86 (25) 56 (26) 30 (23)

14 BMI, n (%) (n=341) (n=210) ns

15 >30 139 (41) 89 (42) 50 (38) d

16 <30 202 (59) 121 (58) 81 (62) aq

17 SAPS 3, median (IQR) 57 (53-63) 57 (53-63) 57 (53-63) ns o

13 CCI category, n (%) ns 3
(@

20 0 132 (38) 82 (39) 50 (38) 3

;; 1 133 (39) 81 (38) 52 (40) g

% >2 70 (23) 50 (23) 29 (22) o4

24 Limitations on life- ns g

25 sustaining treatments, n S

26 (%) <

27 Yes 16 (5) 11 (5) 5(4) S

28 No 328 (95) 202 (95) 126 (96) G

29 COVID-19 period, n (%) 0.003* 9

30 Wave 1 160 (47) 113 (53) 47 (36) &

g; Waves 2-3 184 (53) 100 (47) 84 (64) g

33 7

34 A

35 5

36 a

37 g

38 Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; g

39 CCI: Charlson Comorbidity Index score; SD: standard deviation; ns=no statistically 5

40 e ; . " g ! Q@

41 significant differences, *p<0.05 statistically significant differences >

42 3

43 s

44 Q@

45 5

46 o

47 3

48 )

49 T

50 S

51 3

52 S

53 o

54 '

55

56

57

58

59

60
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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

Six hundred and sixty-five patients treated for SARS-CoV-2 at two intensive care units (ICU)
in Stockholm, Sweden from 1 March 2020 to 30 June 2021. Data on interhospital transfers
were retrieved from medical records and patient data management systems according to

pre-defined protocols.

Main outcome measures

The outcomes were 30- and 90-day mortality, days alive and out of ICU. Hazard ratios (HR)
with 95% confidence intervals (Cl) were calculated using Cox proportional hazard models
with adjustments for age, sex, body mass index, severity of illness, comorbidity, invasive

ventilation, treatment limitations and pandemic waves.

Results

Of 665 patients, 133 (20%) were transferred to another hospital. The mortality rate for

transferred patients compared to non-transferred patients at 30 days was 19% versus 26%
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(p=0.13) and at 90 days 26% versus 30% (p = 0.43). In the adjusted Cox regression analysis,
interhospital transfer was associated with a lower mortality risk at 30 days (HR 0.47, 95% Cl:

0.30-0.76) and 90 days (HR 0.52, 95% Cl: 0.34—0.79). However, the number of days alive and out of

ICU was significantly lower for the IHT group at 30 and 90 days.

Conclusion

In our study, interhospital transfer 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.

Strengths and limitations of this study

The strengths are the comprehensive data collection conducted by dedicated

researchers during the three pandemic waves and validated by independent

researchers.

e The low proportion of missing data, and the adjustment for known confounders in
the analyses.

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

e There may be a risk of selection bias in the study since it is likely that respiratory —

and hemodynamic-stable patients with recovery potential were selected for

transport.
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¢ Information about the severity of illness immediately before transport was not

readily available in our cohort.

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 constraints at the transferring hospital 1-3.
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
treatments 142, 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 interhospital 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 210
13 or may even be associated with a lower risk of death 14, whereas others have shown that
IHT is associated with a longer duration of mechanical ventilation 1912, ICU stay ! and length
of hospital stay 21112, None of these studies were randomised controlled trials, and many
were limited by a small sample size 21013, Despite the large increase in ICU beds in Sweden
during the pandemic, a substantial proportion of critically ill patients were transferred
between hospitals. To the best of our knowledge, 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
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another hospital due to capacity constraints and those who remained at their initial

admission hospital.
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METHODS

Study design

This study included all adult patients (age 218 years) with confirmed SARS-CoV-2, as verified

by polymerase chain reaction 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 2.5 million
inhabitants. The hospital has a total capacity of 600 beds and houses a large emergency

department with a continuous 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 accommodate a total of 60 ICU beds. The study was approved by the
Swedish Ethical Review Authority (Dnr: 2023-01778-01-380347, amendment 2023-01778-
01), and the requirement for written informed consent from patients was waived. The
reporting of the study adheres to the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) guidelines 1°.

Cohort

All adult patients with a SARS-CoV-2 diagnosis and initial admission at 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 repatriation (return to a
local ICU near the patient's home) and clinical transfers (requiring specialized care not

available at the admitting hospital) were excluded from the study.
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Patients were identified using the patient data management system. Clinical data were
automatically and manually extracted from medical records and the patient data
management system using a pre-defined 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 independent researchers.

Exposure

The exposure was Interhospital Transfer (IHT), specifically defined as the transfer of patients
from the Intensive Care Unit (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 interhospital transfers were conducted in accordance with the transport
recommendations provided by the Swedish Society for Anaesthesia and Intensive Care.
These guidelines ensure that transfers are carried out safely and efficiently, minimising risks
to the patient during transport. The guidelines 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
16 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 standardized protocol or guideline; rather, it relied on the clinical judgment

of senior physicians, who made joint decisions about which patient was most suitable for
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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 potential risks
and benefits of transfer aiming to ensure that the patient most in need of 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 standardized protocol
meant that decisions were tailored to individual cases relying of 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). A MICU is staffed with one ambulance nurse, one
paramedic and one physician from the departing intensive care unit. The MICU transporter is
more spacious than a standard ambulance and is equipped with continuous
electrocardiography monitoring, invasive hemodynamic 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 Sodersjukhuset or the admitting hospital.

Statistical analysis
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Continuous variables are presented as medians with interquartile ranges (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 Chi? 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. Kaplan—Meier curves were
used to estimate the cumulative 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 hazard ratios (HR) with corresponding 95% confidence
intervals (Cl) for death within 30 and 90 days from ICU admission. Multivariate models were
adjusted for age (continuous), sex (male/female), body mass index (<30/>30 kg/m?),
Simplified Acute Physiology Score Il (SAPS Ill) (>50/50-59/260), Charlson Comorbidity Index
(categorised as 0/1/2) Y7, invasive mechanical ventilation (yes/no), treatment limitations
(yes/no), COVID waves (first wave, March to September 2020 versus second and third
waves, October 2020 to January 2021 and February to June 2021 8) and IHT (yes/no). Both
crude and multivariable models were investigated with no IHT as the reference 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.
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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
waves, mechanical ventilation and treatment limitations. Comparisons of days alive free
from ICU were conducted using the Mann-Whitney U test and presented as medians with

interquartile ranges (IQRs).

A two-sided p-value less than 0.05 was considered statistically significant. The analysis
followed a predefined protocol and was conducted using the IBM SPSS Statistics version 29
statistical software and R version 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 experienced biostatistician.
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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 to other hospitals for
tertiary care (e.g. ECMO) and five patients had been transferred to the study hospital from
other hospitals/regions. In total, 665 SARS-CoV-2 patients were included in the study, of
which 133 (20%) underwent interhospital transports due to capacity constraints (Figure 1).
All patients (n=133) were transported to a hospital within a 30-kilometer radius or maximum

of 30 minutes.

The median age of included patients was 64 years, and most were 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% versus 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 of IHT and mortality in patients with critical COVID-19 are shown in Table 2.
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% Cl: 0.43—-1.02) for 30-day mortality and 0.79 (95% Cl: 0.54-1.14)

for 90-day mortality. When the exposure of IHT was analysed in the multivariate model, it
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was associated with a lower risk of mortality for both 30 days (HR 0.47, 95% Cl: 0.30-0.76)

and 90 days (HR 0.52, 95% Cl: 0.34-0.79) (Table 2).

As the assumptions of proportional hazards were violated when scaled Schoenfeld residuals
were regressed against survival time (p <0.001 for the multivariate model for 30- and 90-day
mortality), sensitivity analyses were performed. When splitting the time and analysing by
different lengths of stay (LOS) at the ICU, the assumptions were fulfilled for patients with a
LOS of eight days and above (p = 0.14 for 30-day mortality and p = 0.09 for 90-day mortality).
The results did not differ from the original models except for IHT being associated with lower
30-day mortality, including in the univariate analyses for patients with an ICU LOS of more
than six and eight days (Table 3). Schoenfeld residuals indicated violations of proportional
hazard assumptions, including for the covariates of mechanical ventilation, treatment
limitations and COVID-19 wave in the multivariate models for 30 and 90 days. This issue was
addressed by examining the various categories within these variables as subgroups. The
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. 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% versus 32.9%,
p=0.008) and 90 days (26.0% versus 38.0%, p=0.029) in the IHT group compared to the non-
IHT group. In the multivariate models, the decrease in mortality for the IHT group at 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
11
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For the group of patients treated during the first COVID-19 wave, the univariate analyses for
30-day mortality showed a reduced risk of death, with a hazard ratio (HR) of 0.26 (95% ClI:
0.10-0.73). The univariate analyses for 90-day mortality and the multivariate analyses for
both 30- and 90-day mortality remained consistent, with HRs of 0.44 (95% Cl: 0.20-0.96),
0.24 (95% Cl: 0.08-0.66), and 0.38 (95% Cl: 0.17-0.85), 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% Cl:
0.58-1.54) for 30-day mortality and 1.01 (95% Cl: 0.65—1.54) for 90-day mortality. However,
unlike the findings in the whole cohort, there was no longer a significant difference in the
associated risk of 30- and 90-day mortality in the multivariate models, with HRs of 0.68 (95%

Cl: 0.38-1.18) and 0.63 (95% Cl: 0.38-1.04), respectively (Table 4).

More details regarding the subgroup analyses can be found in Supplementary files 1-3.

Interhospital transfer and days alive free of ICU

Compared with non-IHT patients, IHT patients had in median fewer days alive and free from
the ICU at 30 days (5, IQR: 0—-18 versus 22, IQR: 0—27, p<0.001) and 90 days (64, IQR: 27-78
versus 81, IQR: 6-87, p=0.86) respectively (Figure 4). However, for mechanically ventilated
patients, there were no statistically significant median differences between the groups at 30
days (5, IQR: 0—-18 versus 2, IQR: 0—16, p=0.31) or 90 days (63, IQR: 24-78 versus 60, IQR: 0—

75, p=0.14).

DISCUSSION

12
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In this study, transfers solely due to capacity constraints during the COVID-19 pandemic
were not associated with a higher risk of 30- 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. Interhospital transfer
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 interhospital transfer has been investigated to some extent in observational
studies, albeit with conflicting results. A Swedish register-based study of 2,912 capacity-
transferred ICU patients before the pandemic found that transportation was associated with
a lower risk of death within 90 days (odds ratio 0.71, 95% Cl: 0.65—0.79) *°. Conversely,
another Swedish study including 11,176 ICU patients showed a higher risk of 30-day
mortality after capacity transfers (odds ratio 1.25, 95% Cl: 1.06—1.49) and clinical transfers
(odds ratio 1.17, 95% Cl: 1.02-1.36) 2°. However, the reference consisted of repatriated
patients. While we excluded such patients in our study, other studies have confirmed that
clinical transfer to a higher level of care is associated with better patient outcomes 2122, A
French cohort study of 18,348 COVID-19 patients in the ICU found that transferred patients
had a lower mortality rate than non-transferred patients, concluding that this might be due
to a rigorous selection process of patients eligible for transfer 4. However, the study only
included patients from the first wave of the pandemic. This finding resembles ours, where

the results were driven by lower mortality in IHT patients during the first COVID wave. A

retrospective cohort study including 5,207 patients mostly with SARS-CoV-2 during wave 3 of

the pandemic in Australia found no association between IHT and mortality 1. The difference
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in outcomes between the pandemic waves may be attributed to changes in healthcare
conditions among patients and the accumulated experience in managing 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

standardized 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, information gaps or patients being intubated to ensure safe transport,

which may prolong the hospital stay 232

The observed absence of increased mortality risk associated with the transfer may be

R

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

* (s3gv) Inaladns juswaublasug

contributed to the decision 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 dedicated researchers during the three pandemic waves and validated by

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

independent researchers, the low proportion of missing data, and the adjustment for known

confounders in the analyses. Among the main weaknesses are the single-centre design and
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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 transferred 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 support-free days could have been another valuable parameter to assess the impact
of transfers. This alternative measure could provide additional insights into the safety of
interhospital transfers. 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 Il to assess illness
severity instead of the more commonly used systems like APACHE Il or IV. SAPS Il is the
standard scoring system for intensive care patients in Sweden and is utilised for reporting to
the Swedish Intensive Care Register (SIR), ensuring consistency and accuracy within the
national context. However, this choice may limit the direct comparability of our results with
studies using other scoring systems. Fourteen per cent 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 patient-related factors. Patients across the two ICUs were similar in clinical
characteristics and diagnoses, and all other variables were complete, supporting the

assumption that the missing data were random. We also conducted a sensitivity analysis
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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 organisation 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 transport.
The findings of this study may be somewhat representative to 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 challenges. 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 interhospital transfer due to capacity constraints among critically ill COVID-19

patients was not associated with a higher mortality risk. The suitability for transfer was likely
16
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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.
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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 (55-72) 64 (55-72) 65 (57-71) ns
Sex, n (%) ns |
Men 479 (72) 376 (71) 103 (77.4) 4
Women 186 (28) 156 (29) 30 (23) g |
BMI, n (%) ns 3
>30 253(38) 202 (38) 51 (38) T -
<30 406 (62) 324 (61) 82 (62) p
SAPS 3, mean + SD 58 (47-67) 57 (49-65) ns g
CCI category, n (%) ns g |

0 248 (37) 197 (37) 51 (38) E

1 250 (38) 198 (37) 52 (39) 3
>2 167 (25) 137 (26) 30 (23) g
Invasive ventilation, n <0.001* ¢,
(%) '
Yes 344 (52) 213 (40) 131 (98) g-tg'}
No 321 (48) 319 (60) 2(2) g3
Limitations on life- 0.001* § 2 |
sustaining treatments, n 2 o
(%) 28
Yes 83 (12) 78 (15) 5(4) 42
No 582 (88) 454 (85) 128 (96) g*’;:j
COVID-19 period, n ns 5'55
(%) E
Wave 1 265 (40) 218 (41) 47 (35) %

Waves 2-3 400 (60) 314(59) 86 (65)

Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; CCl:
Charlson Comorbidity Index score; SD: Standard deviation; ns=no statistically significant
differences, *p<0.05 statistically significant differences
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Table 2. Risk of death 30 days and 90 days after interhospital transfer among critically ill patients with S%RS%OV—Z presented as hazard ratios
with 95% CI (Non-IHT as reference) El S
=
s o
c &
Risk of death after interhospital transfers ©>c
Exposure Mortality 30-day mortality gg"? 90-day mortality
All patients 30-day 90-day Unadjusted Adjusted P § S Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% Cl HRwith95% Cl 42 2 HR with 95% Cl HR with 95% ClI
Non-IHT 532 (80) 136 (26) 157 (30) 1.0 (referent) 1.0 (referent) @ {,;g 1.0 (referent) 1.0 (referent)
IHT 133 (20) 25 (19) 34 (26) 0.66 (0.43-1.02) 0.47 (0.30-0.76)*  ~1T 20.79 (0.54-1.14) 0.52 (0.34-0.78)*
252
Tl
553
The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index @,@gﬂ), mechanical ventilation

yes/no), treatment limitations (yes/no) an -CoV-2 wave (wave 1/waves 2-3). *Statistically signifi
(yes/no) limitati (yes/no) and SARS-CoV-2 ( 1/ 2-3). *Statistically signifi

p<0.05

Abbreviations: IHT: inter-hospital transfer; HR: hazard ratio; Cl: confidence interval
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©
n$fer (IHT), categorised by the

length of ICU stay from admission to the day of transfer. The analyses are presented as hazard ratios (Hg with 95% confidence intervals (cn,
using non-IHT patients as the reference group.

3 v
s &
c &
Risk of death for IHT by the length of ICU stay é '(3,','5
Exposure Mortality 30-day mortality gg-‘f_‘ 90-day mortality
ICU LOS 30-day 90-day Unadjusted Adjusted P o é Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% Cl HR with 95% Cl § 7 HR with 95% CI HR with 95% ClI
>6 days S0
Non-IHT 241 (65) 70 (29) 83 (34) 1.0 (referent) 1.0 (referent) ;'r': = 1.0 (referent) 1.0 (referent)
IHT 127 (35) 25 (20) 34 (27) 0.62 (0.39-0.97)* 0.42 (0.26-0.68) * &z £0.70 (0.47-1.05) 0.45 (0.29-0.69)*
>8 days Eii
Non-IHT 187 (61) 57(31) 69 (37) 1.0 (referent) 1.0 (referent) 3 5% 1.0 (referent) 1.0 (referent)
IHT 118 (39) 24(20) 33(28) 0.61 (0.38-0.98)* 0.40 (0.24-0.67)* ggg =0.69 (0.45-1.04) 0.43 (0.28-0.67)*
>10 days Q2
Non-IHT 161 (60) 49 (30) 61 (38) 1.0 (referent) 1.0 (referent) 2 S 1.0 (referent) 1.0 (referent)
HT 106 (40) 22 (21) 31(29) 0.63 (0.38-1.05) 0.46 (0.27-0.78)* 2 S0.71(0.46-1.09) 0.49 (0.31-0.77)*
>12 days ERE
Non-IHT 147 (60) 44 (30) 55 (37) 1.0 (referent) 1.0 (referent) o 3 1.0 (referent) 1.0 (referent)
IHT 94 (40) 21 (22) 30 (32) 0.71 (0.42-1.19) 0.48 (0.28-0.85)* & 20.80(0.51-1.25) 0.53 (0.33-0.85)*
5 3
» S
The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index @, 12>2), mechanical ventilation
(yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1 or waves 2/3). *Statistically signglcaﬁt differences between groups,
p<0.05 g 8
Q

Abbreviations: LOS: length of stay; ICU: intensive care unit; IHT: inter-hospital transfer; HR: hazard ratio; Cl:Zonfidence interval
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Table 4. The sensitivity analysis presents the risk of 30-day and 90-day mortality following interhospital Eran‘@fer (IHT), categorised by pandemic
waves. The analyses are presented as hazard ratios (HR) with 95% confidence intervals (Cl), using non- II-ET patlents as the reference group.

— ;
S =
& mg
835
~ 0>
Risk of death for IHT by COVID-19 wave g% N
Exposure Mortality 30-day mortality g 3 o 90-day mortality
Waves 30-day 90-day Unadjusted Adjusted ©9=2Y Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% ClI HR with 95% ClI ?,%fé’é HR with 95% ClI HR with 95% ClI
Wave 1 D CZD-E’_
Non-IHT 218 (82) 61 (28) 64 (29) 1.0 (referent) 1.0 (referent) o E ® 1.0 (referent) 1.0 (referent)
IHT 47 (18) 4(9) 7 (15) 0.26 (0.10-0.73)* 0.24 (0.08-0.66)* &> 30.44 (0.20-0.96)* 0.38 (0.17-0.85)*
Wave 2-3 = ﬁh i
Non-IHT 314 (78) 75 (24) 93 (30) 1.0 (referent) 1.0 (referent) 3T Z 1.0 (referent) 1.0 (referent)
IHT 86 (22) 21(24) 27 (31) 0.95 (0.58-1.54) 0.68(0.38-1.18) 3 =1.01(0.65-1.54) 0.63 (0.38-1.04)
—~ 3

The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index 03 1,}2) mechanical ventilation
(yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1/wave 2-3). *Statistically significdnt cg‘fferences between groups, p<0.05

Abbreviations: IHT: inter-hospital transfer; HR: hazard ratio; Cl: confidence interval
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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.

Abbreviations: IHT: Interhospital transport

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.

Abbreviations: IHT: Interhospital transport

Figure 4. Days alive and free of ICU within 30 and 90 days among transferred and non-
transferred patients.

Abbreviations: IHT: Interhospital transport

File 1. Mortality distribution among transferred patients in relation to the day of transfer.
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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

133 patients transferred
to other hospitals

532 patients not transferred
to other hospitals

Figure 1. Flowchart of study inclusion
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SUPPLEMENTARY FILES

Supplementary File 2

For the group without mechanical ventilation (total 321, 319 without IHT and two with IHT),
neither of the two patients with exposure to IHT died within either 30 or 90 days compared
to the 66 patients (21%) in the group without mechanical ventilation in the group not
exposed to IHT. Due to the small number of patients and no event in the group without
mechanical ventilation and IHT, the analyses were neither of interest nor statistically
appropriate. When analysing only the subgroup of patients with mechanical ventilation
(total 344, 213 without IHT and 131 with IHT), the results showed a reduced risk of death in
both the univariate model, HR 0.51 (95% CI 0.32-0.81) for 30-day mortality and HR 0.60
(95% Cl 0.40-0.89) for 90-day mortality, and the multivariate model, HR 0.40 (95% CI 0.25—

0.65) for 30-day mortality and HR 0.45 (95% CI 0.30-0.68) for 90-day mortality.

For the group with treatment limitations (total 83, 78 without IHT and five with IHT), three
patients (60 %) with exposure to IHT died within 30 and 90 days compared to the 55 (66%)
and 58 (70%) with no exposure to IHT in 30 and 90 days, respectively. Even though the
percentage was about the same in the two groups, the analysis was not carried out due to
the small number of patients exposed to IHT with treatment limitations. For the patient
group without treatment limitations (total 582, 454 without IHT and 128 with IHT), the
results were the same as in the original models, showing no difference between patients
without exposure to IHT compared to patients with exposure in the univariate model, HR
0.92 (0.58-1.48) for 30-day mortality and HR 1.08 (95% CI 0.72-1.60) for 90-day mortality,
and a difference in the multivariate model, HR 0.38 (95% Cl 0.23-0.62) for 30-day mortality

and HR 0.45 (95% Cl 0.29-0.68) for 90-day mortality.
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Supplementary file 3 Characteristics of mechanically ventilated patients admitted to an ICU

BMJ Open

for SARS-CoV-2 (non-invasive ventilated patients were excluded)

All patients Non-IHT patients IHT patients p-value
Total number (%) 344 213 131
Age, median (IQR) 64 (55-71) 64 (55-71) 65 (57-72) ns
Sex, n (%) ns
Men 258 (75) 157 (74) 101 (77)
Women 86 (25) 56 (26) 30 (23)
BMI, n (%) (n=341) (n=210) ns
>30 139 (41) 89 (42) 50 (38) d
<30 202 (59) 121 (58) 81 (62) aq
SAPS 3, median (IQR) 57 (53-63) 57 (53-63) 57 (53-63) ns g
CCI category, n (%) ns 3
[

0 132 (38) 82 (39) 50 (38) =
1 133 (39) 81 (38) 52 (40) Er
>2 70 (23) 50 (23) 29 (22) e
Limitations on life- ns g
sustaining treatments, n S
(%) <
Yes 16 (5) 11 (5) 5(4) 9
No 328 (95) 202 (95) 126 (96)
COVID-19 period, n (%) 0.003*
Wave 1 160 (47) 113 (53) 47 (36)
Waves 2-3 184 (53) 100 (47) 84 (64)

Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; CCl:
Charlson Comorbidity Index score; SD: standard deviation; ns=no statistically significant
differences, *p<0.05 statistically significant differences.
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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

Six hundred and sixty-five patients treated for SARS-CoV-2 at two intensive care units (ICU)
in Stockholm, Sweden from 1 March 2020 to 30 June 2021. Data on interhospital transfers
were retrieved from medical records and patient data management systems according to

pre-defined protocols.

Main outcome measures

The outcomes were 30- and 90-day mortality, days alive and out of ICU. Hazard ratios (HR)
with 95% confidence intervals (Cl) were calculated using Cox proportional hazard models
with adjustments for age, sex, body mass index, severity of illness, comorbidity, invasive

ventilation, treatment limitations and pandemic waves.

Results

Of 665 patients, 133 (20%) were transferred to another hospital. The mortality rate for

transferred patients compared to non-transferred patients at 30 days was 19% versus 26%
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(p=0.13) and at 90 days 26% versus 30% (p = 0.43). In the adjusted Cox regression analysis,
interhospital transfer was associated with a lower mortality risk at 30 days (HR 0.47, 95% ClI:
0.30-0.76) and 90 days (HR 0.52, 95% Cl: 0.34—-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, interhospital transfer 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

R

transfer, they are simultaneously the patients stable enough to be transported.

Strengths and limitations of this study

* (s3gv) Inaladns juswaublasug

e The strengths are the comprehensive data collection conducted by dedicated
researchers during the three pandemic waves and validated by independent
researchers.

e The low proportion of missing data, and the adjustment for known confounders in
the analyses.

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

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

e There may be a risk of selection bias in the study since it is likely that respiratory —
and hemodynamic-stable patients with recovery potential were selected for

transport.
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¢ Information about the severity of illness immediately before transport was not

readily available in our cohort.

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 constraints at the transferring hospital 3.
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
treatments 142, 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 interhospital 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 219
13 or may even be associated with a lower risk of death 14, whereas others have shown that
IHT is associated with a longer duration of mechanical ventilation 1%12, ICU stay ! and length
of hospital stay 21112, None of these studies were randomised controlled trials, and many
were limited by a small sample size 21013, Despite the large increase in ICU beds in Sweden
during the pandemic, a substantial proportion of critically ill patients were transferred
between hospitals. To the best of our knowledge, 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
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another hospital due to capacity constraints and those who remained at their initial

admission hospital.
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METHODS

Study design

This study included all adult patients (age >18 years) with confirmed SARS-CoV-2, as verified

by polymerase chain reaction 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 2.5 million
inhabitants. The hospital has a total capacity of 600 beds and houses a large emergency

department with a continuous 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 accommodate a total of 60 ICU beds. The study was approved by the
Swedish Ethical Review Authority (Dnr: 2023-01778-01-380347, amendment 2023-01778-
01), and the requirement for written informed consent from patients was waived. The
reporting of the study adheres to the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) guidelines 1°.

Cohort

All adult patients with a SARS-CoV-2 diagnosis and initial admission at 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 repatriation (return to a
local ICU near the patient's home) and clinical transfers (requiring specialized care not

available at the admitting hospital) were excluded from the study.
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Patients were identified using the patient data management system. Clinical data were
automatically and manually extracted from medical records and the patient data
management system using a pre-defined 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 independent researchers.

Exposure

The exposure was Interhospital Transfer (IHT), specifically defined as the transfer of patients
from the Intensive Care Unit (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 interhospital transfers were conducted in accordance with the transport
recommendations provided by the Swedish Society for Anaesthesia and Intensive Care.
These guidelines ensure that transfers are carried out safely and efficiently, minimising risks
to the patient during transport. The guidelines 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
6 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 standardized protocol or guideline; rather, it relied on the clinical judgment

of senior physicians, who made joint decisions about which patient was most suitable for
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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 potential risks
and benefits of transfer aiming to ensure that the patient most in need of 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 standardized protocol
meant that decisions were tailored to individual cases relying of 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). A MICU is staffed with one ambulance nurse, one
paramedic and one physician from the departing intensive care unit. The MICU transporter is
more spacious than a standard ambulance and is equipped with continuous
electrocardiography monitoring, invasive hemodynamic 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
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Continuous variables are presented as medians with interquartile ranges (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 Chi? 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. Kaplan—Meier curves were
used to estimate the cumulative 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 hazard ratios (HR) with corresponding 95% confidence
intervals (Cl) for death within 30 and 90 days from ICU admission. Multivariate models were
adjusted for age (continuous), sex (male/female), body mass index (<30/=30 kg/m?),
Simplified Acute Physiology Score Il (SAPS 1ll) (>50/50-59/>60), Charlson Comorbidity Index
(categorised as 0/1/2) Y7, invasive mechanical ventilation (yes/no), treatment limitations
(yes/no), COVID waves (first wave, March to September 2020 versus second and third
waves, October 2020 to January 2021 and February to June 2021 8) and IHT (yes/no). Both
crude and multivariable models were investigated with no IHT as the reference 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.
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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
waves, mechanical ventilation, and treatment limitations. Comparisons of days alive free
from ICU were conducted using the Mann-Whitney U test and presented as medians with

interquartile ranges (IQRs).

A two-sided p-value less than 0.05 was considered statistically significant. The analysis
followed a predefined protocol and was conducted using the IBM SPSS Statistics version 29
statistical software and R version 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 experienced biostatistician.
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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 to other hospitals for
tertiary care (e.g. ECMO) and five patients had been transferred to the study hospital from
other hospitals/regions. In total, 665 SARS-CoV-2 patients were included in the study, of
which 133 (20%) underwent interhospital transports due to capacity constraints (Figure 1).
All patients (n=133) were transported to a hospital within a 30-kilometer radius or maximum

of 30 minutes.

The median age of included patients was 64 years, and most were 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% versus 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 Supplementary 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% Cl: 0.43-1.02) for 30-day
mortality and 0.79 (95% Cl: 0.54—1.14) for 90-day mortality. When the exposure of IHT was

10
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analysed in the multivariate model, it was associated with a lower risk of mortality for both

30 days (HR 0.47, 95% Cl: 0.30-0.76) and 90 days (HR 0.52, 95% Cl: 0.34-0.79) (Table 2).

As the assumptions of proportional hazards were violated when scaled Schoenfeld residuals
were regressed against survival time (p <0.001 for the multivariate model for 30- and 90-day
mortality), sensitivity analyses were performed. When splitting the time and analysing by
different lengths of stay (LOS) at the ICU, the assumptions were fulfilled for patients with an
LOS of eight days and above (p = 0.14 for 30-day mortality and p = 0.09 for 90-day mortality).
The results did not differ from the original models except for IHT being associated with lower
30-day mortality, including in the univariate analyses for patients with an ICU LOS of more
than six and eight days (Table 3). Schoenfeld residuals indicated violations of proportional
hazard assumptions, including for the covariates of mechanical ventilation, treatment
limitations and COVID-19 wave in the multivariate models for 30 and 90 days. This issue was
addressed by examining the various categories within these variables as subgroups. The
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 Supplementary file 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% versus 32.9%, p=0.008) and 90 days (26.0% versus 38.0%,
p=0.029) in the IHT group compared to the non-IHT group. In the multivariate models, the
decrease in mortality for the IHT group at 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
11
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For the group of patients treated during the first COVID-19 wave, the univariate analyses for
30-day mortality indicated a reduction in deaths for the IHT group, with a hazard ratio (HR)
of 0.26 (95% Cl: 0.10-0.73). The univariate analyses for 90-day mortality and the
multivariate analyses for both 30- and 90-day mortality remained consistent, with HRs of
0.44 (95% Cl: 0.20-0.96), 0.24 (95% Cl: 0.08-0.66), and 0.38 (95% Cl: 0.17-0.85), 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% ClI:
0.58-1.54) for 30-day mortality and 1.01 (95% Cl: 0.65—1.54) for 90-day mortality. However,
unlike the findings in the whole cohort, there was no longer a significant difference in the
associated risk of 30- and 90-day mortality in the multivariate models, with HRs of 0.68 (95%

Cl: 0.38-1.18) and 0.63 (95% Cl: 0.38—1.04), respectively (Table 4).

Interhospital transfer 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 to non-IHT patients (5, IQR: 0—18 versus 22, IQR: 0-27, p<0.001). At 90
days, there were no statistically significant differences (Figure 4). In the subgroup of

mechanically ventilated patients, no significant median differences were observed at either

30 or 90 days.

DISCUSSION

12
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In this study, transfers solely due to capacity constraints during the COVID-19 pandemic
were not associated with a higher risk of 30- 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. Interhospital transfer
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 interhospital transfer has been investigated to some extent in observational
studies, albeit with conflicting results. A Swedish register-based study of 2,912 capacity-
transferred ICU patients before the pandemic found that transportation was associated with
a lower risk of death within 90 days (odds ratio 0.71, 95% Cl: 0.65-0.79) 1°. Conversely,
another Swedish study including 11,176 ICU patients showed a higher risk of 30-day
mortality after capacity transfers (odds ratio 1.25, 95% Cl: 1.06—1.49) and clinical transfers
(odds ratio 1.17, 95% Cl: 1.02—1.36) 2°. However, the reference consisted of repatriated
patients. While we excluded such patients in our study, other studies have confirmed that
clinical transfer to a higher level of care is associated with better patient outcomes 2122, A
French cohort study of 18,348 COVID-19 patients in the ICU found that transferred patients
had a lower mortality rate than non-transferred patients, concluding that this might be due
to a rigorous selection process of patients eligible for transfer 4. However, the study only
included patients from the first wave of the pandemic. This finding resembles ours, where

the results were driven by lower mortality in IHT patients during the first COVID wave. A

retrospective cohort study including 5,207 patients mostly with SARS-CoV-2 during wave 3 of

the pandemic in Australia found no association between IHT and mortality 1. The difference
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in outcomes between the pandemic waves may be attributed to changes in healthcare
conditions among patients and the accumulated experience in managing 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

standardized 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, information gaps or patients being intubated to ensure safe transport,

which may prolong the hospital stay 2324

The observed absence of increased mortality risk associated with the transfer may be

R

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 4. Furthermore, the technical difficulties associated with

transporting patients with high-flow oxygen therapy with high oxygen fractions most likely

* (s3gv) Inaladns juswaublasug

contributed to the decision 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 dedicated researchers during the three pandemic waves and validated by

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

independent researchers, the low proportion of missing data, and the adjustment for known

confounders in the analyses. Among the main weaknesses are the single-centre design and
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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 transferred 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 support-free days could have been another valuable parameter to assess the impact
of transfers. This alternative measure could provide additional insights into the safety of
interhospital transfers. 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 Il to assess illness
severity instead of the more commonly used systems like APACHE Il or IV. SAPS lll is the
standard scoring system for intensive care patients in Sweden and is utilised for reporting to
the Swedish Intensive Care Register (SIR), ensuring consistency and accuracy within the
national context. However, this choice may limit the direct comparability of our results with
studies using other scoring systems. Fourteen per cent 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 patient-related factors. Patients across the two ICUs were similar in clinical
characteristics and diagnoses, and all other variables were complete, supporting the

assumption that the missing data were random. We also conducted a sensitivity analysis
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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 organisation 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 transport.
The findings of this study may be somewhat representative to 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 challenges.
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 interhospital transfer due to capacity constraints among critically ill COVID-19

patients was not associated with a higher mortality risk. The suitability for transfer was likely
16
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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.
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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 (55-72) 64 (55-72) 65 (57-71) ns
Sex, n (%) ns
Men 479 (72) 376 (71) 103 (77.4) v
Women 186 (28) 156 (29) 30 (23) g
BMI, n (%) ns &
>30 253(38) 202 (38) 51 (38) g -
<30 406 (62) 324 (61) 82 (62) g
SAPS 3, mean = SD 58 (47-67) 57 (49-65) ns E |
CCl category, n (%) ns I
0 248 (37) 197 (37) 51 (38) %; |
1 250 (38) 198 (37) 52 (39) -+ ‘
>2 167 (25) 137 (26) 30 (23) d m
Invasive ventilation, n <0.001* g §
(%) )
Yes 344 (52) 213 (40) 131 (98) g% |
No 321 (48) 319 (60) 2(2) CES
Limitations on life- 0.001* %g
sustaining treatments, n %L ‘:"
(%) 42
Yes 83 (12) 78 (15) 5(4) ? -
No 582 (88) 454 (85) 128 (96) ;@
COVID-19 period, n (%) ns g - -
Wave 1 265 (40) 218 (41) 47 (35) x
Waves 2-3 400 (60) 314(59) 86 (65)

Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; CCl:
Charlson Comorbidity Index score; SD: Standard deviation; ns=no statistically significant
differences, *p<0.05 statistically significant differences
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Table 2. Risk of death 30 days and 90 days after interhospital transfer among critically ill patients with S%RS%OV—Z presented as hazard ratios
with 95% CI (Non-IHT as reference) El S
=
s o
c &
Risk of death after interhospital transfers ©>c
Exposure Mortality 30-day mortality gg"? 90-day mortality
All patients 30-day 90-day Unadjusted Adjusted P § S Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% Cl HRwith95% Cl 42 2 HR with 95% Cl HR with 95% ClI
Non-IHT 532 (80) 136 (26) 157 (30) 1.0 (referent) 1.0 (referent) @ {,;g 1.0 (referent) 1.0 (referent)
IHT 133 (20) 25 (19) 34 (26) 0.66 (0.43-1.02) 0.47 (0.30-0.76)*  ~1T 20.79 (0.54-1.14) 0.52 (0.34-0.78)*
252
Tl
553
The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index @,@gﬂ), mechanical ventilation

yes/no), treatment limitations (yes/no) an -CoV-2 wave (wave 1/waves 2-3). *Statistically signifi
(yes/no) limitati (yes/no) and SARS-CoV-2 ( 1/ 2-3). *Statistically signifi

p<0.05

Abbreviations: IHT: inter-hospital transfer; HR: hazard ratio; Cl: confidence interval
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©
n$fer (IHT), categorised by the

length of ICU stay from admission to the day of transfer. The analyses are presented as hazard ratios (Hg with 95% confidence intervals (cn,
using non-IHT patients as the reference group.

3 v
s &
c &
Risk of death for IHT by the length of ICU stay é '(3,','5
Exposure Mortality 30-day mortality gg-‘f_‘ 90-day mortality
ICU LOS 30-day 90-day Unadjusted Adjusted P o é Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% Cl HR with 95% Cl § 7 HR with 95% CI HR with 95% ClI
>6 days S0
Non-IHT 241 (65) 70 (29) 83 (34) 1.0 (referent) 1.0 (referent) ;'r': = 1.0 (referent) 1.0 (referent)
IHT 127 (35) 25 (20) 34 (27) 0.62 (0.39-0.97)* 0.42 (0.26-0.68) * &z £0.70 (0.47-1.05) 0.45 (0.29-0.69)*
>8 days Eii
Non-IHT 187 (61) 57(31) 69 (37) 1.0 (referent) 1.0 (referent) 3 5% 1.0 (referent) 1.0 (referent)
IHT 118 (39) 24(20) 33(28) 0.61 (0.38-0.98)* 0.40 (0.24-0.67)* ggg =0.69 (0.45-1.04) 0.43 (0.28-0.67)*
>10 days Q2
Non-IHT 161 (60) 49 (30) 61 (38) 1.0 (referent) 1.0 (referent) 2 S 1.0 (referent) 1.0 (referent)
HT 106 (40) 22 (21) 31(29) 0.63 (0.38-1.05) 0.46 (0.27-0.78)* 2 S0.71(0.46-1.09) 0.49 (0.31-0.77)*
>12 days ERE
Non-IHT 147 (60) 44 (30) 55 (37) 1.0 (referent) 1.0 (referent) o 3 1.0 (referent) 1.0 (referent)
IHT 94 (40) 21 (22) 30 (32) 0.71 (0.42-1.19) 0.48 (0.28-0.85)* & 20.80(0.51-1.25) 0.53 (0.33-0.85)*
5 3
» S
The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index @, 12>2), mechanical ventilation
(yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1 or waves 2/3). *Statistically signglcaﬁt differences between groups,
p<0.05 g 8
Q

Abbreviations: LOS: length of stay; ICU: intensive care unit; IHT: inter-hospital transfer; HR: hazard ratio; Cl:Zonfidence interval

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| @p anbiydeiboiqig aous



http://bmjopen.bmj.com/

Page 25 of 32

oNOYTULT D WN =

26

BMJ Open

ul ‘ybiAdoo Aq |

6060-720z-uadolt

Table 4. The sensitivity analysis presents the risk of 30-day and 90-day mortality following interhospital Eran‘@fer (IHT), categorised by pandemic
waves. The analyses are presented as hazard ratios (HR) with 95% confidence intervals (Cl), using non- II-ET patlents as the reference group.

— ;
S =
& mg
835
~ 0>
Risk of death for IHT by COVID-19 wave g% N
Exposure Mortality 30-day mortality g 3 o 90-day mortality
Waves 30-day 90-day Unadjusted Adjusted ©9=2Y Unadjusted Adjusted
No (%) No (%) No (%) HR with 95% ClI HR with 95% ClI ?,%fé’é HR with 95% ClI HR with 95% ClI
Wave 1 D CZD-E’_
Non-IHT 218 (82) 61 (28) 64 (29) 1.0 (referent) 1.0 (referent) o E ® 1.0 (referent) 1.0 (referent)
IHT 47 (18) 4(9) 7 (15) 0.26 (0.10-0.73)* 0.24 (0.08-0.66)* &> 30.44 (0.20-0.96)* 0.38 (0.17-0.85)*
Wave 2-3 = ﬁh i
Non-IHT 314 (78) 75 (24) 93 (30) 1.0 (referent) 1.0 (referent) 3T Z 1.0 (referent) 1.0 (referent)
IHT 86 (22) 21(24) 27 (31) 0.95 (0.58-1.54) 0.68(0.38-1.18) 3 =1.01(0.65-1.54) 0.63 (0.38-1.04)
—~ 3

The models were adjusted for age, sex, BMI categories (<30 or >30), SAPS, Charlson Comorbidity Index 03 1,}2) mechanical ventilation
(yes/no), treatment limitations (yes/no) and SARS-CoV-2 wave (wave 1/wave 2-3). *Statistically significdnt cg‘fferences between groups, p<0.05

Abbreviations: IHT: inter-hospital transfer; HR: hazard ratio; Cl: confidence interval
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Figure 1. Flowchart of study inclusion

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.Abbreviations: IHT: Interhospital transport

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.
Abbreviations: IHT: Interhospital transport

Figure 4. Days alive and free of ICU within 30 and 90 days among transferred and non-
transferred patients. Abbreviations: IHT: Interhospital transport

Supplementary File 1. Figure displaying 90-day mortality by ICU day of transfer
Supplementary File 2. Subgroup analysis regarding mechanical ventilation and treatment
limitations.

Supplementary File 3. Characteristics of mechanically ventilated patients
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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

133 patients transferred
to other hospitals

532 patients not transferred
to other hospitals

Figure 1. Flowchart of study inclusion
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Supplementary File 1. Figure displaying 90-day mortality by ICU day of transfer
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Mortality distribution among transferred patients in relation to the day of transfer.
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Supplementary File 2. Subgroup analysis regarding mechanical ventilation and treatment

limitations.

For the group without mechanical ventilation (total 321, 319 without IHT and two with IHT),
neither of the two patients with exposure to IHT died within either 30 or 90 days compared
to the 66 patients (21%) in the group without mechanical ventilation in the group not
exposed to IHT. Due to the small number of patients and no event in the group without
mechanical ventilation and IHT, the analyses were neither of interest nor statistically
appropriate. When analysing only the subgroup of patients with mechanical ventilation
(total 344, 213 without IHT and 131 with IHT), the results showed a reduced risk of death in
both the univariate model, HR 0.51 (95% CI 0.32-0.81) for 30-day mortality and HR 0.60
(95% Cl 0.40-0.89) for 90-day mortality, and the multivariate model, HR 0.40 (95% CI 0.25—

0.65) for 30-day mortality and HR 0.45 (95% Cl 0.30-0.68) for 90-day mortality.

For the group with treatment limitations (total 83, 78 without IHT and five with IHT), three
patients (60 %) with exposure to IHT died within 30 and 90 days compared to the 55 (66%)
and 58 (70%) with no exposure to IHT in 30 and 90 days, respectively. Even though the
percentage was about the same in the two groups, the analysis was not carried out due to
the small number of patients exposed to IHT with treatment limitations. For the patient
group without treatment limitations (total 582, 454 without IHT and 128 with IHT), the
results were the same as in the original models, showing no difference between patients
without exposure to IHT compared to patients with exposure in the univariate model, HR
0.92 (0.58-1.48) for 30-day mortality and HR 1.08 (95% CI 0.72-1.60) for 90-day mortality,
and a difference in the multivariate model, HR 0.38 (95% Cl 0.23-0.62) for 30-day mortality

and HR 0.45 (95% Cl 0.29-0.68) for 90-day mortality.
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Supplementary File 3. Characteristics of mechanically ventilated patients

Characteristics of mechanically ventilated patients admitted to an ICU for SARS-CoV-2 (non-

invasive ventilated patients were excluded)

All patients Non-IHT patients IHT patients p-value

Total number (%) 344 213 131

Age, median (IQR) 64 (55-71) 64 (55-71) 65 (57-72) ns

Sex, n (%) ns o

Men 258 (75) 157 (74) 101 (77) q

Women 86 (25) 56 (26) 30(23) §

BMI, n (%) (n=341) (n=210) ns g

>30 139 (41) 89 (42) 50 (38) 9

<30 202 (59) 121 (58) 81 (62) Ea

SAPS 3, median (IQR) 57 (53-63) 57 (53-63) 57 (53-63) ns <§.'

CCl category, n (%) ns I
3

0 132 (38) 82 (39) 50 (38) a

1 133 (39) 81 (38) 52 (40) g

22 70 (23) 50 (23) 29 (22) S

Limitations on life- ns

sustaining treatments, n

(%)

Yes 16 (5) 11 (5) 5(4)

No 328 (95) 202 (95) 126 (96)

COVID-19 period, n (%) 0.003*

Wave 1 160 (47) 113 (53) 47 (36)

Waves 2-3 184 (53) 100 (47) 84 (64)

Abbreviations: BMI: body mass index; SAPS 3: Simplified Acute Physiology Score 3; CCl:
Charlson Comorbidity Index score; SD: standard deviation; ns=no statistically significant
differences, *p<0.05 statistically significant differences.
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