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Abstract

Background Interhospital transfer (IHT) is necessary for providing ultimate care in the current emergency care
system, particularly for patients with severe trauma. However, studies on IHT during the pandemic were limited.
Furthermore, evidence on the effects of the coronavirus disease 2019 (COVID-19) pandemic on IHT among patients
with major trauma was lacking.

Method This retrospective cohort study was conducted in an urban trauma center (TC) of a tertiary academic
affiliated hospital in Daegu, Korea. The COVID-19 period was defined as from February 1, 2020 to January 31, 2021,
whereas the pre-COVID-19 period was defined as the same duration of preceding span. Clinical data collected in each
period were compared. We hypothesized that the COVID-19 pandemic negatively impacted IHT.

Results A total of 2,100 individual patients were included for analysis. During the pandemic, the total number of IHTs
decreased from 1,317 to 783 (—40.5%). Patients were younger (median age, 63 [45-77] vs. 61[44-74] years, p=0.038),
and occupational injury was significantly higher during the pandemic (11.6% vs. 15.7%, p=0.025). The trauma team
activation (TTA) ratio was higher during the pandemic both on major trauma (57.3% vs. 69.6%, p=0.006) and the total
patient cohort (22.2% vs. 30.5%, p <0.001). In the COVID-19 period, duration from incidence to the TC was longer (218
[158-480] vs. 263[180-674] minutes, p=0.021), and secondary transfer was lower (2.5% vs. 0.0%, p=0.025).

Conclusion We observed that the total number of IHTs to the TC was reduced during the COVID-19 pandemic.
Overall, TTA was more frequent, particularly among patients with major trauma. Patients with severe injury
experienced longer duration from incident to the TC and lesser secondary transfer from the TC during the COVID-19
pandemic.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has significantly impacted the current healthcare system.
Global healthcare providers have faced a historical crisis
and have accumulated experiences and lessons during
the pandemic. As a major part of critical care, the impact
of the pandemic on trauma care has been investigated
[1-3]. Overall road traffic volume reduction with social
restriction, including lockdown or stay-at-home order,
were observed and consequently resulted in a reduced
number of motor vehicle accidents, emergency trauma
surgeries, and trauma admissions [1-4]. In contrast, the
number of road traffic accidents involving bicycles or
electronic scooters, which were selected as an alternative
method over existing public transportation to mitigate
the spread of COVID-19, increased [5, 6]. Notably, the
severity of trauma was reported similar regardless of the
pandemic [5, 7]. Furthermore, some studies showed bet-
ter outcomes such as total hospital length of stay (LOS)
or intensive care unit (ICU) LOS for patients with severe
injuries during that period [8].

To provide ultimate care in the current emergency care
system, interhospital transfer (IHT) is necessary. Incom-
plete prehospital triage, lack of resources in a responsible
trauma center (TC), or geographical distance from the
scene possibly interferes with the timely direct transport
to the definitive care facility. Particularly, IHT showed
obvious benefits for patients with severe trauma [9, 10].
Nevertheless, during the pandemic, studies on IHT were
limited to the practice within emergency departments
or a particular surgical entity [11, 12]. Furthermore,
evidence on the effects of the COVID-19 pandemic on
IHT among patients with major trauma was lacking.
Although, the potential reduction in the total IHT num-
ber during pandemic due to the aforementioned factors
can be postulated, their practical influence has not been
explored [1-4]. Therefore, this study aimed to analyze
the impact of the COVID-19 pandemic on the IHT of
patients with severe trauma in an urban TC in Korea. We
hypothesized that the COVID-19 pandemic negatively
impacted the practice of trauma care and their outcomes
on IHT.

Methods

Study design

This retrospective cohort study was conducted in an
urban TC of a tertiary academic affiliated hospital in
Daegu, Korea. In 2012, the government of Korea assigned
five trauma-focused facilities in the country, and this
hospital was one of the five inaugural design centers.
As the only TC in the metropolitan city with over 2 mil-
lion citizens, their coverage is approximately 3 million
individuals, including those from surrounding suburban
areas. Data were retrieved from the institutional trauma
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registry, a part of the Korean Trauma Data Bank (KTDB),
from February 1, 2019 to January 31, 2021. Eligible case
was defined as one who was transferred from another
medical facility. The study was approved by the Insti-
tutional Review Board (IRB) of Kyungpook National
University Hospital (No. KNUH 2023-06-032), and indi-
vidual consent for this retrospective study was waived by
the IRB of Kyungpook National University Hospital.

Data collection

Data on sex, age, nationality, type of injury, mechanism of
injury, referring facility, mode of transport, total elapsed
time from injury to arrival, vital signs and mentality score
on arrival, blood product transfusion, trauma team acti-
vation (TTA), emergency surgery or intervention, Abbre-
viated Injury Scale score, Injury Severity Score (ISS), care
in the ICU with LOS, and mortality were collected. We
divided the total study duration into two parts according
to the point of the COVID-19 outbreak in a metropoli-
tan area in February 2020. Accordingly, the COVID-19
period was defined as from February 1, 2020 to January
31, 2021, whereas the pre-COVID-19 period was defined
as the same duration of preceding span. Clinical data col-
lected in each period were compared. Additionally, we
performed a subgroup analysis in major trauma (ISS>15)
[13].

Statistical analysis

Data were presented as meanststandard deviations or
medians with interquartile ranges for continuous vari-
ables and as frequencies and percentages for categorical
variables. The Shapiro—Wilk test was used to evaluate the
normality of data. Student’s t-test or the Mann—Whitney
U-test was used to compare continuous variables, and the
chi-square test or Fisher exact test was used to compare
categorical variables. All tests were two-tailed, and P-val-
ues<0.05 were considered statistically significant. Data
were analyzed using Statistical Package for the Social Sci-
ences (version 27, IBM, Armonk, NY, USA) and Jamovi
version 2.3.21(The Jamovi Project, Sydney, Australia).

Results

A total of 2,158 referred cases out of 6,234 total visitors
were retrieved from the database. 58 were excluded due
to missing values. Finally, a total of 2,100 patients were
included for analysis (Fig. 1). During the pandemic, the
total number of patients who underwent IHT decreased
from 1,317 to 783 (—40.5%). The proportion of IHT/
total TC visitors was decre Patients during the COVID-
19 pandemic were younger (mean age, 63 [45-77] vs.
61[44—74] years, p=0.038). In both periods, blunt trauma
and slip down were the most common injury mecha-
nisms. Injury during occupational activity was signifi-
cantly higher during the pandemic (11.6% vs. 15.7%,
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(2019.2.1 - 2021.1.31)

N=2158

Total referred patient during study period

Referred patient excluded from the analysis

N =58

21 injury time or mechanism did not recorded
9 lack of referring facility property
12 vital signs were not fully measured on arrival
10 non-traumatic patient was included in registry
6 final discharge disposition was unclear

N=2100

Total patients including the analysis

!

!

Pre-COVID group
(2019.2.1 - 2020.1.31 )

N=1317

(2020.2.1 - 2021.1.31 )

COVID group

N=783

Fig. 1 Flowchart of study participants selection

p=0.025). Other demographic and general characteris-
tics of enrolled patients are summarized in Table 1.

Clinical factors and practical variables on TC are pre-
sented in Table 2. The proportion of TTA from overall
incoming patients was higher during the pandemic with
statistical significance (22.2% vs. 30.5%, p<0.001). Dur-
ing the pandemic, the TTA ratio was higher at subgroup
analysis on major trauma (57.3% vs. 69.6%, p=0.006) as
well as the total patient cohort. The total elapsed time
from incidence to the TC was longer (218 [158-480] vs.
263 [180-674], p=0.021), and secondary transfer without
any intervention or admission was lower in the COVID-
19 period (2.5% vs. 0.0%, p=0.025) (Table 3).

Discussion

In this study, we observed that the total number of IHTs
to the TC decreased during the COVID-19 pandemic.
Furthermore, patients were younger, and occupational
injury was increased. Overall TTA was more frequent
during the pandemic, particularly among patients with
major trauma. Patients with severe injuries experienced
longer duration from injury to the TC; however, no sta-
tistical difference was observed in time spent on the
trauma bay or observation sector. Outcome variables,
including blood product transfusion, direct emergency
surgery or radiological intervention, ICU stay, and mor-
tality, showed no significant difference. Notably, lesser
secondary transfer was reported from the TC during the
pandemic.
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Table 1 Demographic characteristics and pre-transfer information according to the period

Total Pre-COVID-19 CoVvID-19 p-value
(2019.2-2021.1) (2019.2-2020.1) (2020.2-2021.1)
Number of patients 2100 1317 783
Age®
62 (45-76) 63 (45-77) 61 (44-74) 0.038
Age =65 977 (46.5) 631 (47.9) 346 (44.2) 0.098
Sex 0579
Male 1317 (62.7) 820 (62.3) 497 (63.5)
Female 783 (37.3) 497 (37.7) 286 (36.5)
Nationality 0.757
Domestic 2070 (98.6) 1299 (98.6) 771 (98.5)
Foreign 30(1.4) 18 (1.4) 12(1.5)
Injury type 0.684
Blunt trauma 2044 (97.3) 1280 (97.2) 764 (97.6)
Penetrating 51(24) 35(2.7) 16 (2.0)
Burn 5(03) 2(0.1) 3(04)
Injury mechanism 0.153
RTA 682 (32.5) 437 (33.1) 245 (31.3)
AVP 153(7.3) 04(7.9) 49 (6.2)
MVC 227 (10.8) 45(11.0) 82 (10.5)
MCC 155 (7.4) 98 (7.4) 57(7.3)
Bicycle 84 (4.0) 49 (3.7) 35 (4.5)
E-scooter 13(0.6) 4(0.3) 9(1.1)
Industrial 44.(2.1) 31(23) 13(1.7)
Other NMV 6(0.3) 6(0.5) 0(0.0)
Slip down 685 (32.6) 417 (31.7) 268 (34.2)
Fall 426 (20. 3) 261 (19.9) 165 (21.0)
Struck 184 (8.8 131 (9.9) 53(6.8)
Other 123 (5. ) 71(54) 52(6.7)
Occupational activity 0.025
Yes 276 (13.2) 153 (11.6) 123(15.7)
No 1378 (65.6) 876 (66.5) 502 (64.1)
Unknown 446 (21.2) 288(21.9) 158 (20.2)
Alcohol-related 0458
No drink (test confirmed) or not suspected 438 (20.9) 276 (21.0) 162 (20.7)
Suspected (not tested) 64 (3.0) 34(2.6) 30(3.8)
Drink (test confirmed) 106 (5.1) 67 (5.1) 39(5.0)
Unknown 1492 (71.0) 940 (71.3) 552 (70.5)
Referring from TC 0.941
TC 117 (5.6) 73(55) 44 (5.6)
Non-TC 1983 (94.4) 1244 (94.5) 739 (94.4)
Referring ED level 0.789
Level | ED 263 (12.5) 66 (12.6) 97 (12.4)
Level Il ED 426 (20.4) 269 (20.4) 157 (20.3)
Level Il ED 813 (38.9) 501 (38.0) 2(40.3)
Non-ED 589 (28.2) 380 (28.9) 209 (26.0)
Military ED 1(0.0) 1(0.1) 0(0.0)
Transport mode 0.850
Ground 2098 (99.9) 1315 (98.2) 783 (100.0)
Air 2(0.1) 2(02) 0(0.0)
Time from injury to TC (m)® 329 (182-1383) 326 (174-1369) 334 (199-1390) 0214

Unless otherwise indicated, data are reported as number (percent)
?Data are reported as median (interquartile range)

RTA, road traffic accident; AVP, automobile vs. pedestrian; MVC, motor vehicle collision; MCC, motorcycle collision; NMV, non-motorized vehicle; TC, trauma center;
ED, emergency department
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Table 2 Analysis on clinical aspects and outcomes at the trauma center
Total Pre-COVID-19 (n=1317) COVID-19 p-value
(n=2100) (n=783)
Vital sign?
SBP (mmHg) 136 [115-156] 136 [116-156] 135[113-155] 0352
DBP (mmHg) 80 [67-90] 79 [66-90] 80 [68-90] 0.250
PR (/min) 85 [73-99] 86 [73-99] 85 [74-98] 0.943
BT (°C) 36.8 [36.4-37.1] 36.8 (36.4-37.1] 36.9 [36.5-37.2] 0.677
RR (/min) 18[16-18] 18[16-18] 18 [18-20] 0.074
Saturation (%) 98 [96-99] 98 [96-98] 98 [96-99] 0574
SI 0.61 [0.49-0.76] 0.61[0.49-0.76] 0.61 [0.50-0.75] 0.894
Cardiac arrest before arrival 0.509
38(1.8) 25(1.9) 13(1.7)
GCSs? 0.663
15 [15-15] 15[15-15] 15 [15-15]
TTA <0.001
Yes 532(25.3) 293 (22.2) 239 (30.5)
No 1568 (74.7) 1024 (77.8) 544 (69.5)
1SS? 0.546
9 [4-14] 9 [4-14] 9[4-14]
ISS>15 508 (24.2) 314 (23.8) 194 (24.8) 0.119
Blood product (pRBC) transfusion
Required in first 4 h 263 (12.5) 160 (12.1) 103 (13.2) 0.501
Amount(pint)°
<4h 066+2.78 0.66+2.83 0.65+2.69
4-24 h 1.18+5.01 1.23+5.16 1.09+4.75
TC stay (m)® 0.940
288 [134-603] 282 [130-639] 306 [142-564]
Direct OR/IR 0.350
279 (13.3) 182(13.8) 97 (124)
ICU care
No of patient 695 (33.1) 432 (32.8) 263 (33.6) 0711
LOS (h)® 545+1519 550+159.3 53.7+1386 0.853
2nd transfer 0426
384 (18.3) 234(17.8) 150(19.2)
Mortality
Total 102 (4.9 67 (5.1) 35(4.5) 0.525
Death<24 h' 45(2.1) 26 (2.0) 19(24) 0489
<48ht 51 (24) 31 (24) 20 (2.6) 0.773
<7dt 70 (3.3) 43(33) 27 (34) 0.821
<30d" 88(4.2) 55(4.2) 3342 0.966

Unless otherwise indicated, data are reported as number (percent)

?Data are reported as median [interquartile range]

PData are reported as mean *standard deviation

fNumbers and percentage presented indicate the accumulated value on each designed period

SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; RR, respiratory rate, BT, body temperature; Sl, shock index; GCS, Glasgow coma scale; TTA,
trauma team activation; ISS, injury severity scale; pRBC, packed red blood cell; TC, trauma center; OR, operation room; IR, intervention room; ICU, intensive care unit;

LOS, length of stay

The major finding of our study is the reduced IHT dur-
ing the pandemic. This is consistent with the result of a
previous study, reporting reduced trauma transfer in
Arizona [11]. The IHT is a multi-factorial process. Thus,
clarifying specific components involved in the signifi-
cantly reduced number of IHTs is complex. Notably, the
significantly decreased number of patients who were

injured and/or seeking medical service exclusively influ-
enced the results. A multi-TC study in the United States
showed decreased all-cause trauma admission [1], and a
global study of 36 nations reported a decreased incidence
of road traffic accidents with concomitant reduced num-
ber of patients with trauma during the pandemic [4]. Fur-
thermore, a similar trend was shown in a domestic study
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Table 3 Subgroup analysis among the major trauma group

(ISS>15)
Total Pre-COVID COVID p-
(n=508) (n=314) (n=194) value
Time frominjury to 235 218 263 0.021
TC (m) @ [166-554] [158-470] [180-674]
Si2 0.67 0.67 0.67 0.972
[0.54-0.91] [0.54-0.90] [0.54-0.94]
GCSs® 15[11-15] 15[11-15] 15[11-15] 0439
TTA 315 (62.0) 180 (57.3) 135 (69.6) 0.006
ISS? 22[17-26]  22[17-27]  21[17-25]  0.256
Blood product
(pRBC) transfusion
Required infirst4h 167 (32.9) 99 (31.5) 68 (351) 0412
Amount (pint)b
<4h 205+4.84 1.93+4.82 211+4.86 0.686
4-24h 340+9.01 346+9.16 329+873 0.830
TC stay (m)? 151 142 157 0.153
[99-304] [95-282] [103-333]
Direct OR/IR 2(22.0) 74 (23.6) 38(19.6) 0.293
ICU care
No of patient 414 (81.5) 255(81.2) 159 (82.0) 0.833
LOS (I’\)ID 165.6+236.3 1726+£2546 154.2+2034 0.393
2nd transfer 8(1.6) 8 (2.5) 0(0.0) 0.025
Mor-
tality
Total 77 (15.2) 50 (15.9) 27 (139) 0.540
Death<24h'™ 36(7.1) 20 (6:4) 6(8.1) 0423
<48 h' 42 (8.3) 25(8.0) 17 (8.8) 0.750
<7dt 5(10.8) 33(105) 22(11.3) 0.770
<30d" 65 (12.8) 39(124) 26(13.4) 0.748

Unless otherwise indicated, data are reported as number (percent)
?Data are reported as median [interquartile range]
PData are reported as mean *standard deviation

*Numbers and percentage presented indicate the accumulated value on each
designed period

TC, trauma center; Sl, shock index; GCS, Glasgow coma scale; TTA, trauma team
activation; ISS, injury severity scale; pRBC, packed red blood cell; OR, operation
room; IR, intervention room; ICU, intensive care unit; LOS, length of stay

[8]. Moreover, a temporary closure of regional EDs has
affected those results. Geographically, Korea is closely
located to the origin of the novel coronavirus. Further,
in Korea, the city of Daegu is where the first epidemic
occurred [14]. Several ED closures within the metropol-
itan area, including the institution where the study was
conducted, were reported [15]. Thus, it may contribute to
changes in the regional IHT pattern on both the referring
and referred sides. Another consideration was focused
on the mode of transport. In this study, the majority of
transport was ground vehicles (99.9%). Notably, previous
studies reported a shortage of ground transport utiliza-
tion during the pandemic [16, 17]. We believed that the
referring facility may experience failure on timely dis-
patch, which results in changes or waives their primary
decision to move to the TC.
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In this study, some demographic variables, includ-
ing age and occupational relationship, showed statisti-
cal differences. Evidence of the relationship between
the COVID-19 pandemic and those factors have been
reported. A study conducted in the United Kingdom
showed that more patients with trauma were younger
during the pandemic [18]. Other studies conducted in
the Netherlands and Japan reported a higher incidence
of job-related injuries during the pandemic [19, 20]. We
believed that our results were mainly derived from the
changes in incidence during the pandemic. Although
other factors may have impacted IHT, revealing the rea-
sons in this study is difficult.

Our study highlights the higher TTA rate during the
pandemic period in both the overall patient cohort and
the group with severely injured patients. Trauma team
organization is essential in the trauma care system. Each
TC and team has its own TTA protocol, which can pre-
dict patients’ severity and achieve early response to care.
TTA has great value for estimating major trauma, timely
intervention, and consequently improving patient out-
comes [21]. The higher TTA rate among IHTs during the
pandemic indicates that more patients with severe inju-
ries were referred to the TC. One considerable theory is
traffic accidents due to harsh driving behaviors. During
the pandemic, reduced road traffic volume influenced
the decreased total number of injured patients. How-
ever, their severity increased because cars drove faster on
empty lanes or roads with less traffic control [4]. High-
speed collisions directly affected the increased number of
fatalities on the road, and the increased use of cellphones
or decreased compliance with seatbelt use contributed
to the severity [22]. Moreover, TC visit following a high-
speed motor accident is one of the inclusion criteria for
TTA. Therefore, changes in traffic characteristics may
affect the TTA rate by increased severity or more patients
met the inclusion criteria. The tendency to make more
IHT of patients with severe injuries to the TC is another
possible factor. Surprisingly, the majority of outcome
variables showed no difference in the pandemic despite
higher TTA, and it might be the dedication of institu-
tional trauma teams.

Longer elapsed time to the TC is another significant
result from this study, and it may be affected by each
of the time components. Delays may occur on the first
responder dispatch, prehospital triage, selecting and
moving to the initial facility, practice in the primary
facility, and time spent on IHT. Some previous stud-
ies focused on adding extra time owing to several fac-
tors, including a shortage of prehospital or inhospital
resources and performing and receiving the results of
the COVID-19 testing during the pandemic [23]. Addi-
tional delays may occur during preparing an appropriate
transport for IHT. In this study, we observed a median
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time from incidence to the TC arrival of 329 min. A study
conducted in Denmark reported a time from injury to
the TC of 255 min [24], and another study conducted in
Canada showed 5.7 h from initial facility arrival to the
TC [25]. Still, there is no standard recommendation on
the optimal transfer time. However, longer dwelling time
may contribute to adverse outcomes, and minimizing the
time to definite care facilities was emphasized [26, 27].

The reduced secondary transfer without major inter-
vention is an interesting finding in our study. The concept
of futility includes death or hospice discharge, whereas
the secondary overtriage (SO) indicates the unneces-
sary transfer who did not require surgery or radiological
procedure [28, 29]. In this study, we noted a significant
decrease in secondary transfer from the TC during the
pandemic period. The exact cause of leaving without
any intervention is unclear; however, we believed that
patients were unsalvageable or did not require further
intensive care. Given the factor consists of a part of futil-
ity or SO, we can estimate a decrease in futile transfers
or SO to the TC in such period. This positive trend dur-
ing the pandemic may have resulted from changes in the
practice pattern or some involuntary reasons to candi-
dacy the IHT more selectively.

This study had some limitations. First, the urban mono-
TC-based retrospective design was an obvious limita-
tion. Notably, IHT is more problematic among facilities
in suburban or rural areas [30]. To generalize the results
on this topic, certain participants should be included in
future work. Second, despite the KTDB being one of the
largest trauma databases in Korea, there was a significant
lack of data, particularly on the referring side. Therefore,
we were unable to collect key variables at initial facilities,
including arrival time, exact information on the reason to
decide IHT or limited resources, and time of leaving. In
addition, because of the lack of a regional trauma regis-
try, it was impossible to examine the proportion of IHTs,
not actual numbers. Therefore, statistical demonstra-
tion was unavailable in the current study setting. Further
efforts for establishing the regional transfer network or
reinforcing the localized database are required.

Conclusions

Our results showed that the total number of IHTs to the
TC was reduced during the COVID-19 pandemic. Over-
all, TTA was more frequent, particularly among patients
with major trauma. Patients with severe injuries expe-
rienced a longer duration from the incident to the TC
and lesser secondary transfer from the TC during the
COVID-19 pandemic.
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ISS Injury Severity Score

Page 7 of 8

KTDB  Korean Trauma Data Bank
TC Trauma center

TTA Trauma team activation
SO Secondary overtriage

Acknowledgements
None.

Author contributions

DEL and JYA contributed to the acquisition of data. JWK and KHL
contributed to the data analysis. WYN, HWR, SHC and JWK contributed to the
interpretation of the data for the article. SHC drafted the article. JKK, HWR,
KHL, DEL, and WYN critically revised the article for intellectual content. All
authors made substantial contributions to the conception and design of the
work, provided final approval of the version to be published, and agree to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated
and resolved. All authors attest to meeting the four ICMJE.org authorship
criteria.

Funding
There was no financial support for this study.

Data availability

The datasets generated and/or analysed during the current study are not
publicly available due information containing the privacy of the each patients,
but are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Review Board of Kyungpook
National University Hospital (No. KNUH 2023-06-032), and individual consent
for this retrospective study was waived. This study was complied with the
ethical guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 December 2023 / Accepted: 8 March 2024
Published online: 03 April 2024

References

1. Ghafil C, Matsushima K, Ding L, Henry R, Inaba K. Trends in Trauma admis-
sions during the COVID-19 pandemic in Los Angeles County, California.
JAMA Netw Open. 2021;4(2):e211320. https://doi.org/10.1001/jamanet-
workopen.2021.1320. PMID: 33616667; PMCID: PMC7900857.

2. MesslerV, Leschinger T, Ott N, Rausch V, Burst V, Eysel P, Miller LP, Hackl M.
The impact of the SARS-CoV-2 pandemic-related lockdowns on orthopedic
trauma emergencies at a level-one trauma center. Arch Orthop Trauma Surg.
2023 Jun 21. https://doi.org/10.1007/500402-023-04947-2. Epub ahead of
print. PMID: 37341804.

3. Backstrom D, Wladis A. A cohort study of trauma patients in Sweden during
the first months of the COVID-19 pandemic: a small reduction in trauma
admissions. Scand J Trauma Resusc Emerg Med. 2022;30(1):12. https://doi.
0rg/10.1186/513049-022-01001-9. PMID: 35183237; PMCID: PMC8857878.

4. YasinYJ, Grivna M, Abu-Zidan FM. Global impact of COVID-19 pandemic
on road traffic collisions. World J Emerg Surg. 2021;16(1):51. https://doi.
0rg/10.1186/513017-021-00395-8. Published 2021 Sep 28.

5. RajputK, Sud A, Rees M, Rutka O. Epidemiology of trauma presentations to
a major trauma centre in the North West of England during the COVID-19
level 4 lockdown. Eur J Trauma Emerg Surg. 2021;47(3):631-6. https://doi.
0rg/10.1007/500068-020-01507-w.

6. Scquizzato T, Gamberini L, Stella F, Paoli A, Gazzato A, Forti A, Semeraro
F. Analysis of road traffic accidents involving standing electric scooters
reported in newspapers in Italy. Clin Exp Emerg Med. 2022;9(1):36-40. https://


https://doi.org/10.1001/jamanetworkopen.2021.1320
https://doi.org/10.1001/jamanetworkopen.2021.1320
https://doi.org/10.1007/s00402-023-04947-2
https://doi.org/10.1186/s13049-022-01001-9
https://doi.org/10.1186/s13049-022-01001-9
https://doi.org/10.1186/s13017-021-00395-8
https://doi.org/10.1186/s13017-021-00395-8
https://doi.org/10.1007/s00068-020-01507-w
https://doi.org/10.1007/s00068-020-01507-w
https://doi.org/10.15441/ceem.21.078

Cho et al. BMC Emergency Medicine

(2024) 24:53

doi.org/10.15441/ceem.21.078. Epub 2022 Mar 31. PMID: 35354233; PMCID:
PM(C8995515.

Riuttanen A, Ponkilainen V, Kuitunen |, Reito A, Sirola J, Mattila VM. Severely
injured patients do not disappear in a pandemic: incidence and character-
istics of severe injuries during COVID-19 lockdown in Finland. Acta Orthop.
2021;92(3):249-53. https://doi.org/10.1080/17453674.2021.1881241.

Kang S, Park JE, Ko JW, Kim MJ, Choi YU, Shim H, Bae KS, Kim K. Outcomes
improvement despite continuous visits of severely injured patients during
the COVID-19 outbreak: experience at a regional trauma centre in South
Korea. BMC Emerg Med. 2022,22(1):167. https://doi.org/10.1186/512873-022-
00726-1. PMID: 36203133; PMCID: PMC9540133.

Billeter AT, Miller FB, Harbrecht BG, Bowen W, Stephens MJ, Postel GC, Smith
JW, Penta M, Coleman R, Franklin GA, Trunkey DD, Polk HC Jr. Interhospital
transfer of blunt multiply injured patients to a level 1 trauma center does
not adversely affect outcome. Am J Surg. 2014;207(4):459-66. https://doi.
0rg/10.1016/j.amjsurg.2013.04.015. PMID: 24674826.

Waalwijk JF, Lokerman RD, van der Sluijs R, Fiddelers AAA, den Hartog D,
Leenen LPH, Poeze M, van Heijl M, Pre-hospital Trauma Triage Research Col-
laborative (PTTRC). The influence of inter-hospital transfers on mortality in
severely injured patients. Eur J Trauma Emerg Surg. 2023;49(1):441-9. https.//
doi.org/10.1007/500068-022-02087-7. Epub 2022 Sep 1. PMID: 36048180;
PMCID: PM(C9925487.

Lee S, Santarelli A, Choi H, Ashurst J. Impact of the COVID-19 pandemic on
Emergency Department Transfers to a higher level of Care. West J Emerg
Med. 2021,22(3):561-4. https://doi.org/10.5811/westjem.2021.3.50907. PMID:
34125027; PMCID: PM(C8203003.

Reihl SJ, Garcia JH, Morshed RA, Sankaran S, DiGiorgio A, Chou D, Theodoso-
poulos PV, Aghi MK, Berger MS, Chang EF, Mummaneni PV. Impact of the
COVID-19 pandemic on neurosurgical transfers: a single Tertiary Center Study.
World Neurosurg. 2022;166:€915-23. Epub 2022 Aug 6. PMID: 35944857;
PMCID: PMC9356759.

Van Ditshuizen JC, Sewalt CA, Palmer CS, Van Lieshout EMM, Verhofstad MHJ,
Den Hartog D, Dutch Trauma Registry Southwest. The definition of major
trauma using different revisions of the abbreviated injury scale. Scand J
Trauma Resusc Emerg Med. 2021,29(1):71. https://doi.org/10.1186/513049-
021-00873-7. PMID: 34044857; PMCID: PMC8162011.

Kim SW. COVID-19 outbreak in Daegu City, Korea and Response to
COVID-19: how have we dealt and what are the lessons? J Korean Med

Sci. 2022;37(50):e356. https://doi.org/10.3346/jkms.2022.37.e356. PMID:
36573388; PMCID: PM(C9792262.

Lee DE, Ro YS, Ryoo HW, Moon S. Impact of temporary closures of emergency
departments during the COVID-19 outbreak on clinical outcomes for
emergency patients in a metropolitan area. Am J Emerg Med. 2021,47:35-41.
https://doi.org/10.1016/j.ajem.2021.03.038. Epub 2021 Mar 16. PMID:
33756131; PMCID: PMC7962989.

Park JE, Choi S, Yoon Y, Kim J, Cho Y, Lee JY, Park SJ. The effect of COVID-19
epidemic on 119 transportation time for severely ill patients. J Kor Soc Emerg
Med. 2022;33(5):497-505.

Kim HS, Jang TC, Kim GM, Lee SH, Ko SH, Seo YW. Impact of the corona-

virus disease 2019 outbreak on the transportation of patients requiring
emergency care. Med (Baltim). 2020,99(50):e23446. https://doi.org/10.1097/
MD.0000000000023446. PMID: 33327277; PMCID: PMC7738075.

Waseem S, Romann R, Lenihan J, Rawal J, Carrothers A, Hull P, Chou D.
Trauma epidemiology after easing of lockdown restrictions: experience
from a level-one major trauma centre in England. Eur J Trauma Emerg Surg.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 8

2022;48(2):1471-8. https.//doi.org/10.1007/500068-021-01725-w. Epub 2021
Jun 25. PMID: 34173022; PMCID: PMC8231076.

van Aert GJJ, van der Laan L, Boonman-de Winter LIM, et al. Effect of the
COVID-19 pandemic during the first lockdown in the Netherlands on the
number of trauma-related admissions, trauma severity and treatment: the
results of a retrospective cohort study in a level 2 trauma centre. BMJ Open.
2021;11(2):2045015. https://doi.org/10.1136/bmjopen-2020-045015. Pub-
lished 2021 Feb 19.

Morita Y, Kandabashi K, Kajiki S, Saito H, Muto G, Tabuchi T. Relationship
between occupational injury and gig work experience in Japanese workers
during the COVID-19 pandemic: a cross-sectional internet survey. Ind Health.
2022,60(4):360-70. https://doi.org/10.2486/indhealth.2022-0012. Epub 2022
May 11. PMID: 35545553; PMCID: PMC9453566.

Nonis M, McCombie A, Wakeman C, Fleischer D, Joyce L. Trauma Team activa-
tion: improved care of major trauma patients. N Z Med J. 2022;135(1562):78-
94. PMID: 36137769.

Katrakazas C, Michelaraki E, Sekadakis M, Yannis G. A descriptive analysis of
the effect of the COVID-19 pandemic on driving behavior and road safety.
Transp Res Interdiscip Perspect. 2020;7:100186. https://doi.org/10.1016/j.
trip.2020.100186.

Sakong D, Choe MSP, Nho WY, Park CW. Impact of COVID-19 outbreak on
acute gallbladder disease in the emergency department. Clin Exp Emerg
Med. 2023;10(1):84-91. https://doi.org/10.15441/ceem.22.239. Epub 2023 Jan
9. PMID: 37016736; PMCID: PMC10090734.

Arleth T, Rudolph SS, Svane C, Rasmussen LS. Time from injury to arrival at
the trauma centre in patients undergoing interhospital transfer. Dan Med J.
2020;67(9):A03200138. Published 2020 Aug 31.

Bischoff T, Briton J, Baumber B, Lewell M, Nolan B. A review of second-

ary interfacility trauma transfers meeting provincial prehospital trauma
triage guidelines. CJEM. 2021;23(6):837-41. https://doi.org/10.1007/
$43678-021-00192-x.

Crandall ML, Esposito TJ, Reed RL, Gamelli RL, Luchette FA. Analysis of
compliance and outcomes in a trauma system with a 2-hour transfer rule
[published correction appears in Arch Surg. 2011;146(2):168]. Arch Surg.
2010;145(12):1171-5. https://doi.org/10.1001/archsurg.2010.264.

Quinn SA, Edwards JD, Buccini P, et al. The impact of delays in Interfaculty
Transfer on outcomes in Elderly Trauma patients. Am Surg. 2022,88(7):1471-4.
https://doi.org/10.1177/00031348221082278.

Follette C, Halimeh B, Chaparro A, Shi A, Winfield R. Futile trauma trans-

fers: An infrequent but costly component of regionalized trauma care.
JTrauma Acute Care Surg. 2021;91(1):72-76. https://doi.org/10.1097/
TA.0000000000003139. PMID: 34144558.

Amato S, Vogt A, Sarathy A, Lahey T, Osler T, Hosmer D, Bliss S, Bruzzese C, An
G, Erb AL, Malhotra A. Frequency and predictors of trauma transfer futility to a
rural level | trauma Center. J Surg Res. 2022,279:1-7. Epub 2022 Jun 15. PMID:
35716445,

Bardes JM, Grabo DJ, LaRiccia A, et al. A multicenter evaluation on the impact
of non-therapeutic transfer in rural trauma. Injury. 2023;54(1):238-42. https://
doi.org/10.1016/j.injury.2022.07.045.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.15441/ceem.21.078
https://doi.org/10.1080/17453674.2021.1881241
https://doi.org/10.1186/s12873-022-00726-1
https://doi.org/10.1186/s12873-022-00726-1
https://doi.org/10.1016/j.amjsurg.2013.04.015
https://doi.org/10.1016/j.amjsurg.2013.04.015
https://doi.org/10.1007/s00068-022-02087-7
https://doi.org/10.1007/s00068-022-02087-7
https://doi.org/10.5811/westjem.2021.3.50907
https://doi.org/10.1186/s13049-021-00873-7
https://doi.org/10.1186/s13049-021-00873-7
https://doi.org/10.3346/jkms.2022.37.e356
https://doi.org/10.1016/j.ajem.2021.03.038
https://doi.org/10.1097/MD.0000000000023446
https://doi.org/10.1097/MD.0000000000023446
https://doi.org/10.1007/s00068-021-01725-w
https://doi.org/10.1136/bmjopen-2020-045015
https://doi.org/10.2486/indhealth.2022-0012
https://doi.org/10.1016/j.trip.2020.100186
https://doi.org/10.1016/j.trip.2020.100186
https://doi.org/10.15441/ceem.22.239
https://doi.org/10.1007/s43678-021-00192-x
https://doi.org/10.1007/s43678-021-00192-x
https://doi.org/10.1001/archsurg.2010.264
https://doi.org/10.1177/00031348221082278
https://doi.org/10.1097/TA.0000000000003139
https://doi.org/10.1097/TA.0000000000003139
https://doi.org/10.1016/j.injury.2022.07.045
https://doi.org/10.1016/j.injury.2022.07.045

	﻿Impact of COVID-19 pandemic on interhospital transfer of patients with major trauma in Korea: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


