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Aims and objectives: The Covid-19 pandemic has had an unprecedented effect on surgical practice and
healthcare delivery globally. We compared the impact of the care pathways which segregate Covid-19
Positive and Negative patients into two geographically separate sites, on hip fracture patients in our
high-volume trauma center in 3 distinct eras - the pre-pandemic period, against the first Covid-19 wave
with dual-site service design, as well as the subsequent surge with single-site service delivery. In
addition, we sought to invoke similar experiences of centres worldwide through a scoping literature
review on the current evidence on “Dual site” reconfigurations in response to Covid-19 pandemic.
Methods: We prospectively reviewed our hip fracture patients throughout the two peaks of the
pandemic, with different service designs for each, and compared the outcomes with a historic service
provision. Further, a comprehensive literature search was conducted using several databases for articles
discussing Dual-site service redesign.
Results: In our in-house study, there was no statistically significant difference in mortality of hip fracture
patients between the 3 periods, as well as their discharge destinations. With dual-site reconfiguration,
patients took longer to reach theatre. However, there was much more nosocomial transmission with
single-site service, and patients stayed in the hospital longer. 24 articles pertaining to the topic were
selected for the scoping review. Most studies favour dual-site service reorganization, and reported
beneficial outcomes from the detached care pathways.
Conclusion: It is safe to continue urgent as well as non-emergency surgery during the Covid-19 pandemic
in a separate, geographically isolated site.

Crown Copyright © 2022 All rights reserved.
1. Introduction

Most healthcare services across the globe were largely unpre-
pared for Covid-19 pandemic, which has truly tested their adapt-
ability. Many centres instituted the so-called ‘hot’ and ‘cold’ sites to
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segregate Covid-19 positive and negative patients separately dur-
ing their hospital stay.

University Hospitals of Leicester (UHL) is a three sited hospital
trust serving the highly ethnically diverse population of Leicester-
shire and Rutland; a high-volume tertiary trauma centre that
stands 4th in the National Hip Fracture Database (NHFD) with
respect to the volume of hip fractures treated, with key perfor-
mance indices well above the national average.1 All hip fractures
patients would normally be treated initially at the acute site, with
the aim to achieve time to theatre within 36 h of admission to the
emergency department (ED), as per best practice tariff.2
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The purpose of our study was primarily to assess the detri-
mental effects of a pandemic like Covid-19 upon the established hip
fracture care pathways in a high-volume center, with respect to the
established determinants and predictors of clinical outcomes. We
compared similar cohorts of patients admitted during 3 distinct
timeframes (Fig. 1) - 1. Pre-pandemic era, 2. During the first surge
we experienced, when healthcare service pathways were rapidly
reconfigured to deliver care in two geographically separated sites
(Fig. 2), one for Covid-19 diagnosed and suspected patients and
another for Covid-19 negative and asymptomatic patients, and
lastly 3. During the second surge where the initial structural
reconfiguration was repealed, and patients were managed at a
single site, segregating newly admitted & subsequently diagnosed
Covid-19 patients as and when the condition was identified.

To get “the bigger picture”, we further sought to gather the
current literary evidence on split-site service delivery for surgical
patients across a broad array of surgical fields around the world.
The extensive clinical and statistical heterogeneity in study set-
tings, methods and outcome measures precluded a formal quanti-
tative meta-analysis. This being a complex and emerging topic that
has not been hitherto reviewed comprehensively, a scoping review
was deemed most appropriate, to map the available evidence and
identify gaps in existing literature related to ‘Cold-site’ service
provision during the pandemic.

Reorganizing the hospital services to provide Covid-free path-
ways is often a major undertaking with high cost and logistic im-
plications for the institution and care providers. In the face of newer
Covid-19 variants with higher transmissibility and possible future
surges, urgent information should be available to ascertainwhether
such pathways indeed reduce adverse consequences.

2. Materials and method

2.1. In-house study

2.1.1. Design
Data for the hip fracture patients admitted to UHL was collected

from three time periods (126 days each in all three cohorts) for
comparison.1. The first surge of Covid-19 in 2020 (12/03/20e15/07/
Fig. 1. Study periods 2020 - First surge (12/03/20e15/07/20), Second surge (07/11/20e12/0
Number of cases in the Y axis, Dates in the X axis.

2

20); 2. The same time period pre-Covid-19 era (12/03/19e15/07/
19); and 3. Similar time period during the second surge (07/11/
20e12/03/21).
2.1.2. Population
All adult patients admitted with a fractured neck of femur

during the study periods were included (n ¼ 1192). Patients who
had non-operative management, and those with sub-trochanteric
and periprosthetic fractures were excluded.
2.1.3. Data collection
Data is collected prospectively for the NHFD. Patient de-

mographics, dates and time of admission to the hospital, to the
orthopaedic ward, and to theatre were collected, as well as the date
of discharge from hospital, in-hospital mortality, residence before
admission, and discharge destinations. Abbreviated Mental Test
(AMT) score, American Society of Anaesthesiologists (ASA) grade,
and clinical frailty scores (CFS) were also collected to compare
functional baseline between the cohorts. Patients whose initial
SARS-CoV-2 PCR swabs results were positive were classified as
either positive on admission to hospital, or as nosocomial Covid-19
if they had negative PCR test results on admission and subsequently
a positive test at least 7 days after admission.
2.1.4. Data analysis
Mann-Whitney U test was used to compare time to orthopaedic

ward, time to theatre, and duration of hospital stay between pa-
tients in 2020 and 2019 and patients who tested negative for Covid-
19 in 2020. Fisher's exact test was used to compare in-hospital
mortality between patients in 2020 and 2019, Covid-19 negative
patients from 2020 against the 2019 cohort. A seven-day rolling
mean average was calculated for times to ward, time to theatre and
length of hospital stay. These were represented graphically, along
with the individual's times to ward, theatre and discharge, plotted
at time of admission, as well as the number of Covid-19 cases
within the trust, to compare 2019 and 2020 over the study period.
GraphPad Prism 8 was used to perform statistical analyses.
3/21) Blue line indicates volume of Covid-19 in-patients in the trust at any given time.



Fig. 2. The flow of patients during the immediate response phase (First Surge). Leicester Royal Infirmary (LRI) received all acute hip fracture patients in the A&E, where they were
isolated in holding bay and tested for Covid-19. The patients were then directed onwards to LGH if tested Covid-19 negative; or stayed in LRI if tested positive. Only those patients
that required advanced respiratory input were transferred to the third site, GH. Patients underwent surgery in their respective sites, and were discharged to the community/rehab
centre as applicable.
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3. Scoping review

3.1. Eligibility criteria

For inclusion in the literature review, articles were required to
be in English language, peer-reviewed, and published from 2019
onwards. To fit in the inclusion criterion of complete patient
segregation, geographically separated “hot” and “cold” sites with
separate staff rota were included in the review, including special-
ized units set up in response to the pandemic. Staff segregationwas
also assessed, wherein care providers catering to non-Covid-19
patients do not encounter patients in “hot” areas on the same day.
Table 1
Baseline characteristics and demographics.

2019 First wave Second wave

Total patients 309 317 320
3.2. Information sources

The scoping review was conducted by following the reporting
checklist of the Preferred Reporting Items for Systematic Review
and Meta-Analysis - Scoping Review extension for Scoping Reviews
(PRISMA ScR). A comprehensive literature search was conducted
using the PubMed, EMBASE, CINAHL, HMIC, Google Scholar data-
bases for articles discussing split-service redesign.
Age 83 (77, 89) 84 (77, 90) 85 (78, 90)
Gender (female) 222 (72%) 225 (71%) 214 (67%)
Pre-admission residence
Own home/sheltered housing 250 (81) 245 (77) 270 (84)
Institutional care 56 (18) 71 (22) 5 (16)
Other 3 (1) 1 (0.3) 0

Median (IQR), n (%).
3.3. Electronic search strategy: https://hdas.nice.org.uk/strategy/
1080964/#show-searches

The search string had subject headings for Covid-19, with
several relevant keywords pertaining to “dual-site”. Two reviewers
3

individually analyzed and extracted the study characteristics and
outcome parameters into a Microsoft Excel sheet. Data extracted
included location, design, setting, study period and comparator,
primary and secondary outcomes, volume of cases compared to
historic cohort, peri-operative Covid-19 transmission, time to
theatre, length of hospital stay, complication rates, all-cause and
Covid-19 related mortality, discharge destinations & readmission
rates. As this is a scoping study, we did not attempt to critically
appraise the literature included.
4. Results of In-house study

4.1. Baseline characteristics and demographics

Table 1 summarizes Demographics and baseline characteristics.
Age, gender, pre-admission residence, CFS, ASA grade, and pre-

https://hdas.nice.org.uk/strategy/1080964/#show-searches
https://hdas.nice.org.uk/strategy/1080964/#show-searches


Table 2
Pre-admission functional baseline.

2019 2020

Total COVID-19 positive COVID-19 negative

Pre-op AMT 9 (3, 10) 8 (3, 10) 5 (0, 9) 9 (4, 10)
ASA grade
1 6 (2) 0 0 0
2 34 (11) 37 (12) 0 37 (13)
3 193 (63) 222 (70) 12 (60) 210 (71)
4 73 (24) 57 (18) 8 (40) 49 (17)
5 1 (0.3) 0 0 0

Clinical frailty score*
1 0 1 (0.3) 0 1 (0.3)
2 12 (4) 13 (4) 0 13 (5)
3 40 (14) 56 (18) 0 56 (20)
4 52 (18) 65 (21) 3 (15) 62 (22)
5 30 (10) 20 (7) 2 (10) 18 (6)
6 77 (27) 101 (33) 8 (40) 93 (33)
7 68 (24) 47 (15) 7 (35) 40 (14)
8 6 (2) 2 (1) 0 2 (1)
9 4 (1) 1 (0.3) 0 1 (0.3)

Median (IQR), n (%). AMT - Abbreviated mental test; ASA - American Society of
Anaesthesiologists.

Fig. 3. The number of patients admitted over the previous seven-day period. Red
line ¼ 2019, Blue line ¼ 2020 First wave, Green ¼ 2020 Second wave.

Fig. 4. The length of time to theatre in hours by week of admission. Red circles
represent individual patients admitted in 2019, blue circles individual patients in 2020
and green circles the second wave. The lines show seven-day rolling mean average,
dashed line in 2019, solid line the first wave and dotted line for the second wave. Along
the right y-axis the green shaded area show the number of confirmed COVID-19 cases
within the hospital trust during the first wave, and red shaded area in the second
wave.
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operative AMT were largely comparable between the cohorts
(Table 2). The rate of admission of hip fractures were similar across
the three time periods (Fig. 3), with a seven-day median admission
rate of 16.5 (IQR 15.25, 19.75) patients in 2019, 17.5 (IQR 15, 18.75)
during the first wave, and 17 (IQR 15, 21) in the second wave.

21 patients (7%) tested positive for Covid-19 in the first wave
and 65 patients (20%) in the second. 296 patients (93%) had nega-
tive Covid-19 swab results. In the second wave, 4 (6%) patients
tested positive on admission and the remainder of infections 61
(93%) were healthcare acquired.
Table 3
Outcome measures.

2019 First wave S

Time to orthopaedic ward (hours) 5.4 (4.1, 6.4) 4.9 (4, 6.3) 6
Time to theatre (hours) 23 (17, 35) 31 (20, 51) 2
Length of inpatient hospital stay (days) 11 (8, 14) 9 (7, 12) 1
Length of stay including time in rehabilitation (days) 20 (11, 31) 14 (8, 23) 1
In hospital mortality 9 (3) 17 (5) 1

Median (IQR), n (%).

4

4.2. Time to ward

Median time taken to orthopaedic ward was 5.4 (IQR 4.1, 6.4)
hours in 2019, 4.9 (4, 6.3) for the first wave, and 6.1 (IQR 4.9, 7.8) for
the second wave (Table 3).

4.3. Time to theatre

Median time taken to theatre was significantly longer in the first
wave compared to 2019; however time to theatre showed no dif-
ference in the second wave compared to 2019 (Table' 3). Time to
theatre was particularly high earlier in the first wave, and there
appeared to be a greater variability in time to theatre in the first
wave cohort (Fig. 4).

4.4. Length of hospital stay

Compared to 2019, median length of inpatient hospital stay in
those who survived to discharge was shorter during the first wave,
but was longer in the second (Table 3). Compared to 2019, a similar
trend was seen in length of hospital staywhen including time spent
in rehabilitation with the first wave, however the second wave did
not show a statistically significant difference (Fig. 5).

4.5. In-hospital mortality

During the study period in 2019, 9 patients (3%) died in hospital,
compared to 17 patients (5%) during the first wave, and 12 (4%)
deaths in the second wave. These differences were not statistically
econd wave 2019 vs first wave 2019 vs second wave First vs second wave

.1 (4.9, 7.5) p ¼ 0.042 p < 0.01 p < 0.01
4 (19, 38) p < 0.01 0.057 P < 0.01
3 (9, 17) p < 0.01 p < 0.01 p < 0.01
7 (11, 29) p < 0.01 p ¼ 0.095 p < 0.01
2 (4) p ¼ 0.16 p ¼ 0.66 p ¼ 0.35



Fig. 5. The length of hospital stay in those who survived to discharge in days by week
of admission
Red circles represent individual patients admitted in 2019, blue circles individual pa-
tients in 2020 and green circles the second wave. The lines show seven-day rolling
mean average, dashed line in 2019, solid line the first wave and dotted line for the
second wave. Along right y-axis and the green shaded area show the number of
confirmed COVID-19 cases within the hospital Trust during the first wave, and red
shaded area in the second wave.
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significant (Table 3). There was no statistically significant difference
in the number of deaths in 2019 and Covid-19 negative patients in
the first or second wave (p ¼ 0.39 and p ¼ 0.8, respectively).

4.6. Discharge destination

Of those who survived to discharge, 28% patients were dis-
charged to their own home or sheltered housing in the 2019 cohort,
compared to 26% and 30% in the first and second wave respectively
(Table 4). Slightly more patients were discharged to a rehabilitation
unit or community hospital in 2019, and slightly less directly to
institutional care.

4.7. Covid-19 Positive vs Negative patients

Age and gender were comparable between Covid-19 positive
and negative patients in both waves (Table 5). 33% of those who
tested positive were admitted from institutional care in the first
wave, a higher percentage compared to Covid-19 negative patients.
Table 4
Discharge Destinations of patients that survived to discharge.

2019

Discharge destination (all patients)
Own home/sheltered housing 85 (28)
Institutional care 49 (16)
Rehabilitation unit/community hospital 158 (51)
Other inc. acute hospital 7 (2)

Discharge destination (patients admitted from own home/sheltered housing)
Own home/sheltered housing 82 (33)
Institutional care 6 (2)
Rehabilitation unit/community hospital 153 (62)
Acute hospital/other 4 (2)

Final destination of patients discharged from Rehabilitation unit/community hosp
Own home/sheltered housing 131 (85)
Institutional care 19 (13)
Died at rehabilitation unit 1 (1)
Other inc. acute hospital 2 (1)
Unknown

n (%).

5

In the second wave, this was 20% in those who tested positive,
compared to 15% in those who didn't.

Postoperative mortality related to Covid-19 in our cohort was
10.9%. In-hospital mortality was high in those who tested positive
for Covid-19 at any point; with 15% (n ¼ 4) Covid-19 positive in-
patients dying during the first wave. This was lower in the sec-
ond wave with 9% (n ¼ 6) Covid-19 patients dying in ward.

5. Results of Scoping review

The primary search yielded 258 articles. Two reviewers screened
the titles and abstracts from the same search results independently.
After removing extraneous results, duplicates, studies not involving
surgical patients, and those by non-medical allied health services,
full texts of the relevant articleswere retrievedanddiscussed tomap
key observations and inferences. Papers not specifying geographic
separation of patients, or utilizing single-site model without reor-
ganization of workforce were also discarded.

Finally, 24 articles3e24 pertinent to the topic in question were
shortlisted through an iterative process of mutual discussions
among reviewers. Disagreements on study selection and conclu-
sions were resolved by consensus between authors.

As expected, there was considerable heterogenicity in the study
settings and outcome parameters. Most articles included in the
synthesis compared the outcomes of two-site service delivery
(intervention) against a similar period in the pre-pandemic era
(comparator), or between the two sites themselves. We summa-
rized the results using descriptive statistics (percentage change in
median and IQR), and narrative synthesis. In accordance with the
Synthesis Without Meta-analysis (SWiM) guidelines,25 primary
outcomes were mapped as per protocol. The secondary outcome
(Perioperative Covid-19) being without a comparator, we charted it
as an independent variable, informed where possible by statistics.
Formal assessment of methodological limitations or risk of bias in
the evidence was not performed.

6. Synthesis

6.1. Study characteristics

Median duration of the observations was 69 days
(IQR ¼ 57e111). Six articles analyzed emergency/urgent surgical
activity alone; nine papers were exclusively about elective surgical
procedures. Lastly, nine studies dealt with both elective and
First wave Second wave

84 (26) 96 (30)
74 (23) 68 (21)
136 (43) 134 (42)
6 (2) 10 (3)

84 (36) 96 (36)
10 (4) 24 (9)
134 (58) 132 (49)
4 (2) 7 (3)

ital
109 (81) 101 (77)
14 (11) 15 (11)
3 (2) 5 (4)
5 (4) 7 (5)
3 (2) 4 (3)



Table 5
Baseline characteristics by COVID-19 status.

First wave Second wave

COVID-19 positive COVID-19 negative COVID-19 positive COVID-19 negative

Total patients 21 296 64 256
Age 85 (81, 90) 84 (76, 90) 84 (75, 88) 86 (79, 90)
Gender (female) 14 (67) 211 (71) 40 (62.5) 174 (68)
Pre-admission residence
Own home/sheltered housing 13 (62) 232 (78) 51 (80) 219 (85)
Institutional care 7 (33) 64 (22) 13 (20) 38 (15)
Other 1 (5) 0 0 0

Median (IQR), n (%).

Table 6
Overview of Studies included in Scoping review.

Author Service Study type Duration (days) No. of subjects (n)

Vlastos et al. Aortic valve surgery PR 90 227
Bonalumi et al. Cardio vascular surgery P 42 41
Wickramarachchi et al. Trauma & Hip fracture P 60 138
Picardo et al. Hand surgery P 70 385
Chiesa et al. Vascular surgery P 70 135
Collins et al. Urology PR 60 159
Lim et al. Trauma & Hip fracture PR 31 185
Ramsingh et al. Cardiac surgery P 67 58
Kasivisvanathan et al. Urological, Thoracic, Gynaecological & General Surgery P 48 500
Iqbal et al. Cancer surgery R 60 153
Rajasekaran et al. Sarcoma P 61 56
Chui et al. Hip fracture PR 30 47
Kathryn et al. Trauma surgery PR 76 400
Chang et al. Elective Orthopaedic surgery P 25 121
Bhangu et al. Cancer surgery P 111 2481
Stroman et al. Elective Urological R 92 495
Ally et al. Elective ENT surgery R 112 85
Dayananda et al. Trauma service & NOF PR 28 130
Kuusk et al. Kidney Cancer R 197 130
Digne-Malcolm et al. General Surgery, Urology PR 120 881
Hanna et al. Colorectal cancer surgery R 180 24
Ghosh et al. Colorectal cancer surgery P 183 166
Hamid et al. Colorectal cancer surgery R 120 233
D'Angelo et al. Trauma & Hip fracture PR 68 134

P e Prospective, R e Retrospective, PR e Prospective with Retrospective cohort.
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emergency surgical services. Median sample size was 146 (IQR 112,
271) in the articles examined (Table 6).

6.2. Volume of cases

11 authors reported comparative reduction in the volume of
patients for the respective service rendered during the pandemic,
and another study reported no change. Of the three articles that
compared the admission rates of femoral fragility fractures, one
reported an increase in case load, another reported a decrease, and
yet another reported no change (Table 7).

6.3. Peri-operative Covid-19

24 authors reported the perioperative Covid-19 rates of their
institutions (Table 7). All the 6 studies that compared Covid-19
incidence between the hot and cold sites reported less peri-
operative Covid-19 incidences in the Cold sites.

6.4. Time to theatre

Waiting times for surgery was shown to be reduced during the
pandemic era in 3 studies; however this was increased in one study
and unchanged in another. Two studies observed that the time to
theatre was less in the cold site compared to hot site.
6

6.5. Length of hospital stay

The time patients spent in hospital was reported as unchanged
by 2 centres; however this was longer in one study and reduced in
another.

6.6. Mortality

Descriptive statistics for All-cause Mortality (n ¼ 15) reveal an
overall mean score of 1.69% (SD ¼ 2.78). In these hospitals
employing the two-site service transformation, all-cause Mortality
did not show any statistically significant change in 5 studies, with
only one centre reporting an increase in death rates among Or-
thopaedic trauma patients during the Covid-19 pandemic. One
paper showed comparatively higher mortality in their Hot-site,
while another reported no difference between the two sites.

Case fatality rate due to Covid-19 overall was 1.42% (SD 2.2) from
17 studies. Only seven articles specified the post-operative mor-
tality of Covid-19 positive patients specifically, and this was 18% (SD
17.3).

6.7. Complication rates

Clavien-Dindo Grade 3 and above surgical complication rates
averaged 11.2% ± 9.0 in the nine studies that reported it. No study



Table 7
Masterchart e scoping review outcome parameters.

Author Volume of
cases

Peri-Op Covid-
19

Time to Theatre Length of Stay All-cause Mortality Covid-19
Mortality

Complication
rates

Discharge
Destination

Re-
admission
(30 days)

Vlastos et al. Reduced 0% e e No change No change e e

Bonalumi et al. e 7.30% e e 0% 0% e e e

Wickramarachchi
et al.

e 1.45% e 8.7 days 0.97% in Trauma.
0% in Hip

0% in
Trauma.
5.7% Hip

e e e

Emma Picardo
et al.

Reduced 0% e e 0.36% 0.36% 6.75% e 1.29%

Chiesa et al. e e Less in Cold site (more
in covid-19)

e 2.20% More in Covid e e

Collins et al. Reduced 2.50% e e e 1.25% e e e

Lim et al. Reduced e e e e e e e

Ramsingh et al. e 0% e 5.7 ± 1.8 days e 0% 1.72% No change e

Kasivisvanathan
et al.

e 2% e 1 night (median) 1% 0% 18% e e

Iqbal et al. e 0.65% e e 0% 0% 4.57% e 0.65%
Rajasekaran et al. e 7.10% e e 3.60% 3.6%

11.1% hot;
3.1% cold

23.2%
37% hot vs
10.3% cold

e e

Chui et al. No Change 12.8% Less in cold site.
52.8 vs 29.8

12.6 vs 8.7 (not
statistically
significant)

10.6% (no significant
difference two sites)

6.38%
5.7% cold
vs
25% hot

e e 0%

Kathryn et al. Reduced in
trauma.
Hips No
change.

4.50% Reduced Reduced 4% (increased in
2020).
In FFF 3.5% rise.

1.80% e e e

Chang et al. e 0.80% e e e e e e

Bhangu et al. e 2.1% Cold.
3.6% Hot

e e 1.5%
Higher in red
pathways

0.64% Less in Cold

2.2% versus
4.9%

e e

Stroman et al. e 1.6%
Total20 (3.3%) -
17 hot, 3 cold

e Increased with
Covid-19 infection

0.30% 0.30% 0% e e

Ally et al. e 0% e e 0% 0% 10.60% e e

Dayananda et al. Reduced
trauma.
NOF
increased.

5% e 12 days (for NOFs) e 4.16% e e e

Kuusk et al. Reduced 4% e e e 0% e e e

Digne-Malcolm
et al.

e 0% e 1.69 ± 3.42 days. 0.01% 12.15% e 11.70%

Hanna et al. Reduced e e Reduced (Non-
significant)

No change No change e e

Ghosh et al. Reduced 0.60% Unchanged e No change No change e e

Hamid et al. e 0% e 2.36 ± 3.26 days 0% 0% 24.50% e 7.30%
D'Angelo et al. Trauma and

NOF reduced
2.98% Increased.

Within 48 h - 58.7%
(2020) vs 83.3 (2019)

e 0.74% vs 0.56% - No
change from 2019

0% e e e
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showed any significant difference in complication rates in the
Covid-19 period against the comparator. Three studies that
compared complication rates between their two sites reported less
incidence of complications in the cold-site cohort.

6.8. Discharge destination & Re-admissions

No changes in discharge destinations or differences in read-
mission rates were reported by any authors.

7. Discussion

7.1. In-house study

Several authors have reported, similar to our findings, that there
was no decline in the incidence or admission rates of fragility hip
fractures during the pandemic or lockdown.26e29 Our results
7

suggest that our ability to provide timely care for hip fracture pa-
tients was indeed compromised, as demonstrated by an overall
increase in time to theatre during the pandemic, although this was
not reflected in the in-hospital mortality observed. Advanced age,
male sex, clinical comorbidities, pre-fracture place of residence,
cognitive impairment and time-to-surgery have been suggested as
significant predictors of postoperative mortality30e37 in hip frac-
tures. Delays to surgery for hip fractures are widely thought to be
associated with poorer outcomes.32,33,38e40 Although this was not
seen in our in-hospital mortality, with longer follow up this may
unfortunately bear out.

Despite diverse and strict preventive measures, we saw ward
outbreaks and increasing numbers of new cases with the single-site
healthcare delivery provision, accounting for 93% of reported
Covid-19 infections in the hospital during the second surge.
Optimal preventive approaches, including regular surveillance
testing of all asymptomatic staff and patients, and meticulous
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universal PPE and IPC precautions remain the vital strategies to
contain nosocomial transmission.

A significant predictor of one-year mortality is reported to be
the failure to recover ambulation.37,41,42 We have broadly similar
discharge destinations across the two years, particularly in those
admitted from their own home. Greater emphasis was likely placed
in discharging patients during the pandemic to prevent nosocomial
spread to vulnerable patients, as well as to ensure surge capacity, as
reflected by the reduced length of hospital stay. This change in
discharge practices early in the pandemic might have been at the
expense of discharging patients earlier than ideal, and possibly
risking missing perioperative complications.

Mortality was high in patients with Covid-19 infection during
their hospital stay. There is existing evidence that the combination
of Covid-19 infection and fractured neck of femur carries a poor
prognosis,43e51 and that Covid-19 infection is an independent
predictor of perioperative mortality.45,52,53 Authors from China and
Italy reported mortality rates of 40% and 44% respectively28,44,48,49;
studies from Spain demonstrated a mortality rate of 30.4%
compared to 5.3% in those testing negative.27,47 There are several
reports from the USA45,46 citing increased mortality and perioper-
ative complications and the need for ventilatory support in the
Covid-19 positive groups. In the UK43,52e54 varying reports exist
with regard to mortality, as well as postoperative complications,
ventilator needs, critical care admissions, clinic reviews and read-
missions. These findings warrant further investigation, especially
into ways to mitigate negative outcomes in this particularly chal-
lenging patient population.

The prime reason for the increased time to theatre in split-site
service appeared to be the delay in transferring patients to the
designated site, as side beds were often not readily available for
patients whose Covid-19 swab results were pending. One of the
solutions to circumvent this issue is point-of-care testing which
readily provides Covid-19 test results from ED itself, which has
been implemented by our trust from January 2021. The other
obvious solution is to make more isolation beds available in the
hospital, which can be quite challenging with the current capacity
constraints experienced across most of the NHS trusts in the UK.

Another important outcome parameter is whether there was a
change in the discharge destinations of patients, with regard to
their pre-admission residential status. Only one study compared
the discharge destinations of their patients, and this constitutes a
knowledge gap with respect to this important indicator of clinical
outcome.

7.2. Scoping review

Our literature review shows that during the pandemic, elective
surgical activity experienced a sharp drop. The trauma admissions
also declined initially, presumably on account of social distancing
and travel restrictions. However, the geriatric hip fracture admis-
sions remained unaffected during the pandemic.

Early reviewers from Lombardy, an area of extremely high
epidemic impact, had advised that differentiation of flows and
pathways to create a "Hospital inside a Hospital" is the single most
important element in ensuring the safety of patients and operators
and maintaining hospital activity.55

Soreide et al. did a scoping review of all available literature
pertaining to Covid-19 and surgery, and concluded that in regions
where hospital networks already exist, attempts at developing
‘Covid-19’ and ‘non-Covid-19’ hospitals is a reasonable way to
preserve surgical services and normal function.56 The European
Society of Sports Traumatology, Knee surgery and Arthroscopy
(ESSKA) recommended a four-pronged strategy for resuming
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elective surgery, which includes setting up an isolated institution
and a permanent Covid-19 Negative clinical pathway.57

Providing guidelines for resuming elective surgery in the time of
pandemic, Al-Omar et al. advised isolating specific facilities for the
treatment of Covid-19 patients to keep other facilities untainted,
and suggested that isolation should also include healthcare pro-
viders and personnel.58 Global guidance for surgical care during the
Covid-19 pandemic has also suggested that patients should be
cared for by Covid-19 specific surgical teams if possible.59

Not all trusts have the luxury of two independent sites for the
dual-site model, and segregation may have to be implemented
within the hospital itself. Boyle et al. conducted a national survey
among all 148 hospitals providing Colorectal cancer services in
England andWales, and reported that 54% hospitals had access to a
‘cold site’.60 Thinking beyond the Covid-19 crisis, Picardo et al.
suggested that streamlining the services separately could also
herald a paradigm shift inpatient care, which if widely adopted
could drastically ease the annual winter pressures on the NHS as
well.6

All papers in our Scoping review favoured structural service
reorganization into dual-site configuration for continuing surgical
care in the face of Covid-19 pandemic. However, a national study of
the administrative hospital data for 14,930 colorectal cancer
resection patients undertaken by Kuryba et al. found no evidence
that surgery in Covid-free cold sites led to better clinical out-
comes.61 It therefore follows that for contingency measures to
work, they should rely on the site-specific granular understanding
of the logistical issues at play, as well as the real-time data-driven
appraisal of dynamic risk-benefit analysis.

Multiple studies have correlated perioperative Covid-19 in-
fections in surgical patients with a significantly increased post-
operative mortality.43e51 Case fatality rate owing to Covid-19 in
post-operative cohort was 18% (SD 17.3) as inferred by this review,
which is lower than the reports from China (20.5%),62 and by the
worldwide COVIDSurg collaborative (23.8%).63

This review is an important first step in understanding the
available evidence on this type of service reorganization, and
hopefully will inform the future surge responses. With hospitals
services returning to a new normal, and potential waves of newer
variant Covid-19 related admissions highly likely, further studies to
evaluate service adaptations are paramount to prepare contingency
plans for future crises.
8. Strengths and limitations

8.1. In-house study

Ours is the only study we have come across which compares the
two designs of service delivery by the same facility. Prospective
design and sample size are two of its strengths. The data were
collected prospectively for the NHFD, and the clinical outcomes
were followed over time. A total of 1192 hip fracture patients (883
from during the pandemic and 309 historical) were included in this
study which, to our knowledge, is the largest single-centre
comparative cohort study in the literature to date examining the
impact of the Covid-19 pandemic on the management of hip frac-
ture patients.

Nevertheless, an important limitation is that the other known
confounding factors were not taken into consideration when
analyzing clinical outcomes, primarily because the focus of this
particular inquiry was to look into the impact of a global crisis on
the care pathways, rather than account for all the factors affecting
clinical outcomes.
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8.2. Scoping review

When heterogeneity of study designs and settings preclude a
formal meta-analysis, meta-ethnography is generally considered
the best tool in healthcare research for synthesizing the published
results of qualitative studies in a systematic review. This enables
the reviewer to create third-order interpretations consistent with
the original researchers' findings, that can be used to inform policy
and practice. The topic of dual-site service delivery for Covid-19
patients has no existing meta-ethnography, which makes this re-
view unique. One drawback would be that a multifaceted search
was not conducted; the search was limited to the electronic data-
bases available. As is generally held, the non-randomized and
observational nature of the review articles could have over-
estimated the beneficial effects of reconfiguration. Finally, over-
estimation of the effectiveness of the service intervention could
also result from pooling the results of published studies only.

9. Conclusion

Our findings indicate that nosocomial Covid-19 presents a big
challenge in single-site service. However, time to theatre was
significantly prolonged with the dual-site service, accounted for by
the logistical challenges of transferring patients to the operating
site. Nevertheless, patients stayed longer in hospital with the dual-
site service, despite making it to the theatre faster. No statistical
difference in mortality was noted between the two service pro-
visions, and discharge destinations remained largely unchanged
with either configuration. In view of the above findings, it appears
that the two-site service delivery fared better in terms of infection
control and clinical outcomes, despite the longer times to theatre.

It appears to be the general consensus among authors that it is
safe and feasible to perform time-sensitive, as well as elective
surgeries, at a dedicated Covid-free site. As several SARS-CoV-2
variants have been reported recently that display higher trans-
missibility and resistance to immunity induced by natural infection
or vaccination, there is a potential for more Covid-19 surges,
wherein healthcare systems are likely to be severely tested again.
The split-site organizational system is a valid infection control
measure that efficiently safeguards the continuity of hospital ser-
vices, while reducing adverse clinical outcomes.
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