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Background: Weekend presentation has been associated with adverse outcomes 
in emergent conditions, including stroke, myocardial infarction, and critical limb 
ischemia. We examine whether a weekend effect exists in the management of and 
outcomes after extremity degloving injuries.
Methods: The cohort included adults presenting with open extremity degloving 
injuries to a tertiary level one trauma center between June 2018 and May 2022. 
We collected demographics, comorbidities, injury information, interventions, and 
complications. Propensity score weighting was used to minimize confounding dif-
ferences between those presenting on weekends (Sat–Sun) versus weekdays (Mon–
Fri). Weighted regressions were used to examine differences in interventions by 
day of presentation. Multivariable weighted regressions accounting for differences 
in interventions received were used to examine whether weekend presentation was 
associated with amputation risk, complications, or functional deficits.
Results: Ninety-five patients with 100 open extremity degloving injuries were 
included. In total, 39% of injuries were weekend-presenting. There was a higher 
rate of noninsulin-dependent diabetes among patients presenting on weekends (P 
= 0.03). Weekend-presenting injuries had higher median Injury Severity Scores (P 
= 0.04). Propensity-weighted regression analysis revealed differences in interven-
tions received on weekends, including lower rates of pedicled and free flaps and 
bone graft, and increased rates of negative-pressure wound therapy (P ≤ 0.02). 
Multivariable regression analysis revealed weekend presentation was a significant 
independent risk factor for amputation of the affected extremity [odds ratio 2.27, 
95% CI (1.01–5.33), P = 0.05].
Conclusion: Weekend presentation may impact interventions received and ampu-
tation risk in patients presenting with open extremity degloving injuries. (Plast 
Reconstr Surg Glob Open 2023; 11:e5345; doi: 10.1097/GOX.0000000000005345; 
Published online 16 October 2023.)
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INTRODUCTION
Degloving injuries occur following high-impact 

trauma and are caused by shearing forces that avulse skin 
and subcutaneous tissue off underlying muscle and bone.1 
These limb-threatening injuries are difficult to treat, 
can lead to loss of function, and may be complicated by 

infection; thus, they frequently receive multidisciplinary 
care.2 Options for intervention include serial debride-
ment, skin grafting, skin substitute use, negative-pressure 
wound therapy (NPWT), revascularization/replantation, 
flap reconstruction, and amputation in the most exten-
sive cases.2

Research has previously described a “weekend effect,” 
referring to the higher risk of morbidity and death for 
patients admitted to hospitals on weekends.3,4 Weekend 
presentation has also been shown to increase length of 
stay, increase risk of readmission, and decrease likeli-
hood of operative intervention across conditions, includ-
ing stroke, heart failure, and myocardial infarction.5–8 
In patients with lower extremity vascular emergencies, 
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weekend admission has been associated with increased 
risk of adverse outcomes, including amputation.9 There 
have been documented differences in revascularization 
attempts for cardiac and lower extremity indications; 
however, the weekend effect has not been studied in the 
context of extremity degloving injuries.9–11 Additionally, 
the broad array of treatment options available for man-
agement of degloving injuries raises questions about 
whether patients are equally likely to receive flap-based 
reconstruction or experience comparable latency to 
reconstructive care when admitted on a weekend versus 
weekday.

Here, we examine if presenting with open extremity 
degloving injuries on a weekend affects the types of inter-
ventions that patients receive, as well as outcomes and 
complication rates in these patients. We hypothesized that 
weekend-presenting injuries may experience increased 
latency to reconstructive consult, decreased likelihood of 
flap reconstruction, and higher rates of adverse outcomes, 
including amputation.

METHODS
After institutional review board approval, we retrospec-

tively reviewed all patients presenting to our tertiary level 
one trauma center emergency department (ED) with open 
extremity soft tissue degloving injuries from May 2018 to 
May 2022. Demographics, comorbidities, injury character-
istics, interventions, and outcomes were collected from 
the electronic medical record.

Baseline Characteristics
Demographic data collected included age, sex, and 

race. Comorbidities included obesity, nicotine use, hyper-
tension, insulin- and noninsulin-dependent diabetes, 
congestive heart failure (CHF), and chronic obstruc-
tive pulmonary disease (COPD). Injury characteristics 
included affected extremity; laterality; mechanism of 
injury; injury severity score (ISS); mangled extremity 
severity score (MESS); and involvement of bone, vascu-
lature, nerves, and tendons. Mechanisms of injury con-
sidered high-energy included motor vehicle/motorcycle 
accidents, pedestrians struck by motor vehicles, falls from 
height, ballistic injuries (fireworks, firearms), or occupa-
tional injuries with power-tools (log splitter, power saw, 
etc.).12 Low-energy mechanisms included all ground-level 
falls. We additionally collected date and time of presen-
tation to the ED, and information on whether patients 
arrived from an outside hospital.

Interventions
We examined whether the following interventions 

were performed: irrigation and debridement, revision 
amputation, replantation, vascular reconstruction, vas-
cular ligation, vascular repair (primary or graft), bony 
fixation, bone graft, nerve repair, nerve transfer, nerve 
graft, fasciotomy, tendon repair, tendon transfer, tendon 
graft, skin graft, skin substitute use, NPWT, pedicled flap 
reconstruction, free flap reconstruction, and local tissue 
rearrangement. We collected information on the date and 

time of the first reconstructive consult, consulting service 
(plastic or orthopedic surgery), whether primary closure 
was achieved during the first intervention, number of 
interventions until and date of definitive closure, and use 
of regional anesthesia during the first intervention.

Outcomes/Complications
Outcomes of interest were amputation of the affected 

limb, any-cause complications, and functional deficits. 
Any-cause complication was a binary outcome variable 
indicating whether any of the following were recorded: 
skin necrosis, infection, hematoma, neuroma, and dehis-
cence. Functional deficits were defined by weight bearing 
capacity and limitations to range of motion of the affected 
extremity on the most recent reconstructive service (eg, 
plastic surgery) examination, considering baseline level 
of function. We collected length of admission, number 
of operations, and functional deficits at the most recent 
reconstructive service visit.

Statistical Analysis
Demographics and comorbidities were analyzed per 

patient. For bilateral and multi-site degloving injuries, 
each injury was treated independently in subsequent 
analysis. We divided our cohort into two groups: inju-
ries presenting on weekends versus weekdays. Numerical 
data were assessed for normality using Shapiro-Wilk tests. 
Baseline characteristics and injury characteristics between 
groups were compared using Mann-Whitney U tests and 
Student t tests as appropriate for continuous data, and 
Fisher exact tests or chi-square tests for categorical data.

Propensity weighting was used to account for differ-
ences in comorbidities/injury characteristics between 
groups.13 Characteristics were considered in the calculation 
of propensity scores based on their unweighted standard-
ized mean differences (SMDs) and their a priori likeli-
hood of affecting outcomes. Candidate variables included 
age, body mass index greater than 25, race, hyperten-
sion, insulin- and noninsulin-dependent diabetes, CHF, 
COPD, nicotine use, MESS category, ISS category, tendon 

Takeaways
Question: Weekend effect refers to the elevated risk of 
morbidity and complications in patients presenting to 
hospitals on weekends. Here we consider: does a weekend 
effect exist in the management of open extremity deglov-
ing injuries, considering differences in interventions, out-
comes, and complications?

Findings: This retrospective cohort study used propensity 
score-weighted regression analysis to show that weekend 
presentation is associated with lower rates of pedicled and 
free flap reconstruction and bone grafts, and higher rates 
of negative-pressure wound therapy. Weekend presenta-
tion was a predictor of amputation risk upon multivari-
able regression.

Meaning: Weekend presentation may impact interven-
tions and amputation risk in patients with open extremity 
degloving injuries.
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injury, bony injury, nerve injury, and vascular injury. We 
assessed candidate variables for collinearity in the model. 
Hypertension and COPD were removed due to low base-
line SMD (<0.05) and collinearity with CHF. Weights 
were calculated using an inverse probability of treatment 
weights algorithm using a logistic regression model with 
weekend versus weekday presentation as the dependent 
variable.14–17 Performance of the score in balancing the 
baseline differences between groups was assessed by calcu-
lating postweighting SMD, confirming that no individual 
covariate had an SMD of more than 0.2, and the average 
SMD across covariates was less than 0.1.18,19

We conducted bivariate regressions to understand 
which interventions significantly differed based on week-
end presentation, implementing weighted Firth logistic 
regression to account for low sample sizes.20 For ordi-
nal, interval, or continuous outcome variables, we used 
weighted Mann-Whitney U tests for bivariate analysis 
to assess weekend effects. We also conducted bivariate 
weighted Firth logistic regressions to examine differences 
in specific complications based on day of presentation. 
Then, we constructed three multivariable logistic regres-
sion models, including only interventions that significantly 
differed on bivariate analyses and day of presentation as 
predictors, to examine whether weekend presentation 
was predictive of amputation, any-cause complications, 
and functional deficits. We used backward selection with 
a threshold of P = 0.1. To minimize bias, we ensured that 
there were at least five outcome events per predictor vari-
able in the final models.21 Finally, to account for the possi-
ble contribution of bilaterality of injuries to outcomes, we 
repeated the three multivariable logistic regression mod-
els in the sample of unilateral injuries. The α value was set 
at 0.05 for all analyses. Statistical analysis was performed 
using R for Mac version 4.0.3.22

RESULTS
Ninty-five patients presenting with 100 open extremity 

degloving injuries from 2018 to 2022 were included. Mean 
patient age was 46.7 years (SD 19.4). In total, 39.0% of 

injuries presented on a weekend. There was a higher rate of 
noninsulin-dependent diabetes among patients presenting 
on weekends (weekend: 13.9%, weekday: 1.7%, P = 0.03) 
(Table  1). Weekend-presenting injuries more frequently 
resulted from high-energy mechanisms [weekday, n(%): 
34 (55.7), weekend: 32 (82.1), P = 0.01; Table 2], and had a 
higher ISS than weekday injuries [weekend median (IQR): 
24 (10–26), weekday: 16 (9–24), P = 0.04; Fig. 1], but had 
a comparable MESS [weekend median (IQR): 5 (4.5–6), 
weekday: 5 (4–7), P = 0.95]. On evaluation of covariates 
that could influence outcomes of interest, several covari-
ates had high SMD, indicating imbalance of potential con-
founds. The preweighting average SMD across covariates 
was 0.22. Among the most imbalanced covariates were ten-
don injury, bony injury, ISS, and diabetes (SMD ≥ 0.28). 
Weighting achieved good balance across all covariates, with 
an average SMD of 0.08. (See table 1, Supplemental Digital 
Content 1, which displays standardized mean differences 
for covariates included in propensity score weighting. Data 
shown are count (%) unless otherwise specified. http://
links.lww.com/PRSGO/C819.)

Interventions
Median time from presentation to definitive closure 

was 0.7 days (IQR 0.3–5.1 days), with 50% of injuries 
undergoing primary closure. There were no differences 
between groups in incidence of primary closure or 
latency to definitive closure (P ≥ 0.80). The median 
number of interventions until definitive closure was one 
(IQR 1–3), which did not differ significantly between 
groups (P = 0.73). The covering reconstructive con-
sult service did not differ for weekends versus weekdays  
(P = 0.27). There were no significant differences in time 
to first reconstructive consult [weekday median (IQR): 
2.95 hours (1.38–4.92), weekend: 2.96 hours (1.54–5.19);  
P = 0.88]. Weekend-presenting injuries were more fre-
quently treated with NPWT than weekday injuries {odds 
ratio [OR] 2.19, 95% confidence interval [CI] (1.21–3.99), 
P = 0.01; Table  3}. Free flaps were the most common 
reconstructive option, used in 16% of cases, with local tis-
sue rearrangements in 15% of cases, and pedicled flaps in 

Table 1. Demographics and Comorbidities of All Patients (n = 95)
Characteristic Overall Weekday Weekend P 

n   95 59 36  
Age, mean (SD)  46.7 (19.4) 45.9 (19.2) 47.9 (20.0) 0.67
Sex Female 28 (29.5) 15 (25.4) 13 (36.1) 0.38
 Male 67 (70.5) 44 (74.6) 23 (63.9)  
BMI <25 32 (33.7) 21 (35.6) 11 (30.6) 0.78
 ≥25 63 (66.3) 38 (64.4) 25 (69.4)  
Race White 70 (73.7) 42 (71.2) 28 (77.8) 0.64
Comorbidities Hypertension 35 (36.8) 21 (35.6) 14 (38.9) 0.92
 Insulin-dependent diabetes 6 (6.3) 2 (3.4) 4 (11.1) 0.20
 Noninsulin-dependent diabetes 6 (6.3) 1 (1.7) 5 (13.9) 0.03
 Congestive heart failure 3 (3.2) 2 (3.4) 1 (2.8) 1
 Chronic obstructive pulmonary disease 4 (4.2) 3 (5.1) 1 (2.8) 1
Nicotine use Never 48 (50.5) 27 (45.8) 21 (58.3) 0.49
 Current 26 (27.4) 18 (30.5) 8 (22.2)  
 Former 21 (22.1) 14 (23.7) 7 (19.4)  
All values are n (%) unless otherwise specified.
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5%. Weekend-presenting injuries were less likely to receive 
pedicled flaps [OR 0.08, 95% CI (0.00–0.69), P = 0.02] or 
free flap reconstruction [OR 0.39, 95% CI (0.15–0.88),  
P = 0.02]; however, they were equally likely to receive a local 
tissue rearrangement or revision amputation (P ≥ 0.45).  
Weekend presentation was associated with decreased 
likelihood of bone graft [OR 0.03, 95% CI (0.00–0.20),  
P < 0.01], with no differences in other bone, vascular, nerve, 
or tendon-related interventions (P ≥ 0.08; Table 3).

Outcomes and Complications
There were no significant differences between groups 

in number of operations, with an overall median of two 
operations (IQR 1–4) per injury (P = 0.37). Length of 

stay and length of follow-up were comparable between 
groups, with a median length of stay of five days (IQR 
2–11 days; P = 0.68), and follow-up of 3.37 months (IQR 
1.43–8.28 months, P = 0.51). On bivariate analysis, week-
end presentation was associated with comparable rates 
of all complications (P ≥ 0.10; Table 4). Upon multivari-
able regression, weekend presentation was a significant 
independent risk factor for amputation of the affected 
extremity [weekend: 23%, weekday: 13%; OR 2.27, 95% 
CI (1.01–5.33), P = 0.05]. Pedicled flap reconstruction was 
associated with increased odds of amputation [OR 12.1, 
95% CI (2.50–66.86), P < 0.01]. Weekend presentation 
was not a significant risk factor for any-cause complica-
tions in multivariable regression analysis (weekend: 64%, 

Table 2. Injury/Presentation Characteristics (n = 100)

Characteristic  
Overall

(n = 100) 
Weekday
(n = 61) 

Weekend
(n = 39) P 

From outside hospital  41 (41.0) 27 (44.3) 14 (35.9) 0.54
Reconstructive consult service Orthopedic surgery 50 (50.0) 28 (45.9) 22 (56.4) 0.27
 Plastic surgery 45 (45.0) 31 (50.8) 14 (35.9)  
 None (trauma) 5 (5.0) 2 (3.3) 3 (7.7)  
High-energy mechanism of injury  66 (66.0) 34 (55.7) 32 (82.1) 0.01
Injury severity score 1–8 (minor) 15 (15.0) 11 (18.0) 4 (10.3) 0.04
 9–15 (moderate) 15 (15.0) 8 (13.1) 7 (17.9)  
 16–24 (severe) 36 (36.0) 27 (44.3) 9 (23.1)  
 25 + (very severe) 34 (34.0) 15 (24.6) 19 (48.7)  
Mangled extremity severity score <7 76 (76.0) 45 (73.8) 31 (79.5) 0.68
 ≥7 24 (24.0) 16 (26.2) 8 (20.5)  
Laterality Left 44 (44.0) 27 (44.3) 17 (43.6) 0.09
 Right 48 (48.0) 32 (52.5) 16 (41.0)  
 Bilateral 8 (8.0) 2 (3.3) 6 (15.4)  
Extremity Upper 74 (74.0) 48 (78.7) 26 (66.7) 0.27
 Lower 26 (26.0) 13 (21.3) 13 (33.3)  
Injured structures Bony injury 69 (69.0) 39 (63.9) 30 (76.9) 0.25
 Vascular injury 42 (42.0) 24 (39.3) 18 (46.2) 0.64
 Nerve injury 41 (41.0) 24 (39.3) 17 (43.6) 0.83
 Tendon injury 48 (48.0) 34 (55.7) 14 (35.9) 0.08
All values are n (%).

Fig. 1.  Severity scores based on day of presentation. Distribution of (a) iSS and (B) MeSS for injuries presenting on weekdays vs week-
ends. Black crossbars represent median score.
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weekday: 70%; P = 0.28). NPWT, free flap reconstruction, 
and bone graft were associated with increased risk of com-
plications in the multivariable model (P < 0.01). (See table 
2, Supplemental Digital Content 2, which displays multi-
variable logistic regression for any-cause complications. 
http://links.lww.com/PRSGO/C820.)

Weekend presentation was also not associated with 
functional deficits (weekend: 39%, weekday: 48%;  
P = 0.84), though both free flap reconstruction and 
bone graft use were associated with functional deficits  
(P ≤ 0.02). (See table 3, Supplemental Digital Content 
3, which displays multivariable logistic regression for 
functional deficits. http://links.lww.com/PRSGO/
C821.) Analyzing unilateral cases (n = 92), the associa-
tion between weekend presentation and amputation did 
not reach statistical significance [OR 2.29 (0.97–5.70), 
P = 0.06], but relationships between all other predictors 
and outcomes in all multivariate models were unchanged. 
(See table 4, Supplemental Digital Content 4, which dis-
plays multivariate logistic regressions excluding bilateral 
cases. http://links.lww.com/PRSGO/C822.)

DISCUSSION
This study investigated whether a weekend effect 

exists in management of open extremity degloving inju-
ries. We found that weekend presentation was associated 
with increased likelihood of NPWT, and decreased like-
lihood of pedicled or free flap reconstruction and bone 
grafts. Weekend presentation was a significant risk factor 
for amputation in multivariable regression adjusting for 
interventions, injury severity, and comorbidities.

Our finding that weekend presentation was a signifi-
cant risk factor for amputation mirrors prior findings that 
patients presenting on weekends with critical limb isch-
emia of the lower extremity have an elevated risk of ampu-
tation.9 Although this was not significant when excluding 
bilateral cases, a trend toward increased odds of amputa-
tion on weekends was noted. Further study in a sample with 
more bilateral cases will allow for balanced analysis of this 
effect. Differences in staffing, operating room availability, 
and diagnostic/imaging services have been proposed as 
contributors to observed weekend effects.5,9,23 Some of 
these factors may have contributed to observed differences 
in management of degloving injuries; however, our find-
ings (including comparable time to reconstructive consult 
and definitive closure) between groups points to decision-
making factors rather than to simply delays in care contrib-
uting to observed outcomes. Possible contributors include 
differences in overall ED volume on weekends, including 
more nonemergency visits and a higher volume of pages 
to surgical subspecialty services, which together may 
impact quality of care received by patients experiencing 
degloving injuries on weekends.24,25 Increased cognitive 
load, which physicians may experience in a busy weekend 

Table 3. Interventions Received

Intervention Overall (n = 100) 
Weekday
(n = 61) 

Weekend  
(n = 39) P 

Primary closure 50 (50.0) 31 (50.8) 19 (48.7) 0.96
Negative-pressure wound therapy 34 (34.0) 17 (27.9) 17 (43.6) 0.01
Revision amputation 33 (33.3) 19 (31.1) 14 (35.9) 0.66
Regional anesthesia 31 (31.0) 19 (31.1) 12 (30.8) 0.92
Skin substitute 12 (12.0) 7 (11.5) 5 (12.8) 0.29
Skin graft 45 (45.0) 25 (41.0) 20 (51.3) 0.10
Local tissue rearrangement 15 (15.0) 9 (14.8) 6 (15.4) 0.45
Pedicled flap 5 (5.0) 5 (8.2) 0 (0.0) 0.02
Free flap 16 (16.0) 12 (19.7) 4 (10.3) 0.02
Replantation 6 (6.0) 4 (6.6) 2 (5.1) 0.95
Vascular reconstruction 10 (10.0) 8 (13.1) 2 (5.1) 0.08
  Graft 9 (9.0) 7 (11.5) 2 (5.1)  
  Primary 2 (2.0) 1 (1.6) 1 (2.6)  
Vascular ligation 16 (16.0) 8 (13.1) 8 (20.5) 0.28
Bony fixation 42 (42.0) 26 (42.6) 16 (41.0) 0.20
Bone graft 6 (6.0) 6 (9.8) 0 (0.0) <0.01
Nerve repair 20 (20.0) 14 (23.0) 6 (15.4) 0.26
Nerve transfer 5 (5.0) 3 (4.9) 2 (5.1) 0.60
Nerve graft 7 (7.0) 4 (6.6) 3 (7.7) 0.99
Fasciotomy 8 (8.0) 6 (9.8) 2 (5.1) 0.43
Tendon repair 28 (28.0) 20 (32.8) 8 (20.5) 0.10
Tendon transfer 2 (2.0) 1 (1.6) 1 (2.6) 0.81
Tendon graft 1 (1.0) 1 (1.6) 0 (0.0) 0.52
P values are from weighted univariate Firth logistic regressions. All values are in n (%).

Table 4. Complications

Complication 
Overall  
(n = 100) 

Weekday
(n = 61) 

Weekend  
(n = 39) P 

Skin necrosis (%) 29 (29.0) 20 (32.8) 9 (23.1) 0.26
Infection (%) 28 (28.0) 15 (24.6) 13 (33.3) 0.12
Hematoma (%) 6 (6.0) 5 (8.2) 1 (2.6) 0.17
Neuroma (%) 7 (7.0) 3 (4.9) 4 (10.3) 0.26
Dehiscence (%) 13 (13.0) 9 (14.8) 4 (10.3) 0.10
P values are from weighted univariate Firth logistic regressions. All values are 
in n (%).

http://links.lww.com/PRSGO/C820
http://links.lww.com/PRSGO/C821
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ED, is associated with differences in decision-making.26 
In high-demand clinical situations, the use of simulation 
training, mobile clinical support tools, and standardized 
protocols have been useful in decreasing cognitive load 
and increasing accuracy and efficiency of treatment deci-
sions.27–29 Devising care pathways for assessment and triage 
of extremity degloving injuries based on injury severity/
characteristics may help combat differences in observed 
outcomes and interventions.

Pedicled flap reconstruction was independently associ-
ated with amputations, and free flap reconstruction was 
associated with complication risk and functional deficits. 
Historically, functional outcomes years after traumatic 
extremity injury are comparable between patients who 
undergo limb salvage efforts, including flap reconstruc-
tion and patients who undergo amputation, with high 
rates of disability in both groups.30–32 Our examination of 
functional deficits was limited to several months postop-
eratively. With longer follow-up, flap reconstruction might 
not be associated with increased risk of deficits. Both 
pedicled and free flaps have been described as successful 
coverage options for degloving injuries, and choice of cov-
erage often depends on nuances of injury patterns and 
surrounding anatomy.33–35 Comparisons of outcomes of 
different flap options for degloving injuries have not been 
reported, likely due to the diversity of flaps considered 
based on injury location, but further study may contribute 
to our understanding of optimal flap choice.

Weekend presentation was associated with decreased 
likelihood of pedicled or free flaps. Though differences 
in flap reconstruction may be expected based on cov-
ering service, weekend presentation was not associated 
with differences in covering subspecialty, and extremity 
trauma call is shared between orthopedic and plastic sur-
gery at our institution. Increased latency to assessment 
by plastic surgeons has been associated with prolonged 
hospitalization and increased number of operations for 
patients with trunk or limb degloving injuries.36 However, 
in our cohort, weekend presentation was not associated 
with differences in latency from presentation to recon-
structive consult.

Bony injury rates were similar between weekend and 
weekday groups; however, injuries presenting on week-
ends were less likely to be managed using bone grafts, sug-
gesting differential management of bony injury by day of 
presentation. When degloving injuries are accompanied 
by fractures, patients have been shown to be at risk of poor 
outcomes.2,37 Our findings that bone grafts are signifi-
cantly associated with functional deficits and complication 
risk align with this observation, as patients receiving bone 
grafts may have more severe bony injury than patients with 
bony injury not receiving grafts. Existing studies on out-
comes of vascularized and nonvascularized bone grafts in 
upper and lower extremity reconstruction have reported 
mixed functional outcomes, noting improvements in 
upper but not lower extremity functional scores, and 
reporting high rates of graft hypertrophy, especially in the 
lower extremity.38–41 Graft choice may affect risk of poor 
functional outcomes40; however, existing findings are lim-
ited to small cohorts. Studies in larger samples can inform 

optimal graft choice to improve functional outcomes in 
patients with bony extremity trauma.

We observed that weekend presentation was associated 
with increased rates of NPWT use. Reports on outcomes 
after NPWT use in the management of degloving injuries 
are mixed, suggesting improved skin graft take and wound 
healing, but possible risk of skin necrosis and increased 
costs.42,43 Results of a Cochrane meta-analysis show consid-
erable uncertainty regarding the value of NPWT in reduc-
ing dehiscence and seroma.44 Further work in a large 
cohort exploring the value of NPWT in the management 
of open extremity degloving injuries is warranted.

Our goal is for these findings to inform changes to 
weekend practice patterns to improve outcomes in patients 
with extremity degloving injuries. Changes in weekend 
ED staffing have previously been suggested as a method 
to adapt to differences in ED volume on weekends.24 In 
an attempt to alleviate the risks of adverse outcomes with 
weekend presentation, the National Health Service of the 
United Kingdom enacted their “National Health Service 
Services, Seven Days a Week” program, which sought to 
expand access to diagnostic, urgent, and emergent health-
care resources throughout the week. After three years of 
implementation, hospitals enacting these changes saw 
improvements in errors and adverse events across all admis-
sions, but did not see improvements in weekend adverse 
outcomes (including mortality), suggesting that large-scale 
changes to hospital staffing may not resolve all existing 
disparities between weekend and weekday admissions.45,46 
Quality improvement initiatives at the single-institution 
level may have an impact, as some weekend effects seem 
to differ based on institutional coverage policies.47 Existing 
quality improvement work has focused on error-prone 
points of care.48 One study used video analysis of hand-
offs and found that surgeon handoffs are actually better 
on nights and weekends than on weekdays.49 Unobtrusive 
methods like video analysis may inform targeted changes 
to care protocols that alleviate observed weekend effects.

Weekend effects are less prevalent at high volume cen-
ters in the management of stroke and myocardial infarc-
tion.50–52 Limb salvage rates after critical limb ischemia are 
also higher at high volume centers.53,54 Further study of 
the schedules, size, and availability of limb salvage teams 
at both high and low volume centers may inform changes 
to alleviate weekend effects in management of degloving 
injuries. Increased utilization of advanced practice pro-
viders on weekends may also alleviate coverage deficits.55 
Additionally, telemedicine consultations with limb sal-
vage specialists on weekends or at hospitals with limited 
limb salvage teams may help deliver expedient care and 
improve outcomes.56

Limitations of this study include a limited sample 
from a single academic, tertiary care center. This may 
restrict generalizability; however, most of the literature 
on open degloving injuries consist of case reports, with 
few cohort studies available. This cohort of open extrem-
ity degloving injuries represents one of the largest to 
date.2,37,42,43,57 Studying these injuries in national databases 
is difficult, given the lack of specific diagnostic codes. 
Multi-institutional cohorts may provide insights to extend 
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our findings and optimize care. Additionally, we used 
MESS to characterize degloving injury severity, which has 
received criticism for poor correlations with limb salvage 
rates and mixed prediction of amputation risk based on 
injury type.58–61 However, in combination with ISS, MESS 
may have higher predictive value for amputation, and 
both scores were considered in this study.62 Additionally, 
injury severity informs choice of interventions; so it was 
important to balance injury severity across groups to 
examine true effects of weekend presentation on inter-
ventions and outcomes. Further work optimizing risk pre-
diction scores for extremity injury is necessary and may 
provide a more accurate picture of risk factors for ampu-
tation after degloving injuries in the future.

CONCLUSIONS
Weekend presentation may impact interventions 

received and amputation risk in patients with open 
extremity degloving injuries. Further work exploring 
weekend availability of limb salvage services may contrib-
ute to improvements in outcomes for patients present-
ing on weekends with these complex injuries. Large-scale 
studies of management of degloving injuries are necessary 
to understand optimal treatment algorithms.

Joani M. Christensen, MD
Washington University School of Medicine

660 South Euclid Avenue
Northwest Tower, Suite 1150

St. Louis, MO 63110
E-mail: c.joani@wustl.edu

DISCLOSURES
Dr. Sacks is a co-founder and equity holder of LifeSprout, 

and a consultant for 3M. All the other authors have no financial 
interest to declare in relation to the content of this article.

REFERENCES
 1. Yan H, Gao W, Li Z, et al. The management of degloving injury 

of lower extremities: technical refinement and classification. 
J Trauma Acute Care Surg. 2013;74:604–610. 

 2. Velazquez C, Whitaker L, Pestana IA. Degloving soft tissue 
injuries of the extremity: characterization, categorization, 
outcomes, and management. Plast Reconstr Surg Glob Open. 
2020;8:e3277. 

 3. Freemantle N, Ray D, McNulty D, et al. Increased mortality asso-
ciated with weekend hospital admission: a case for expanded 
seven day services? BMJ. 2015;351:h4596. 

 4. Aylin P, Alexandrescu R, Jen MH, et al. Day of week of procedure 
and 30 day mortality for elective surgery: retrospective analysis of 
hospital episode statistics. BMJ. 2013;346:f2424. 

 5. Fogelholm R, Murros K, Rissanen A, et al. Factors delaying hos-
pital admission after acute stroke. Stroke. 1996;27:398–400. 

 6. Jneid H, Fonarow GC, Cannon CP, et al; Get With the Guidelines 
Steering Committee and Investigators. Impact of time of presen-
tation on the care and outcomes of acute myocardial infarction. 
Circulation. 2008;117:2502–2509. 

 7. Horwich TB, Hernandez AF, Liang L, et al; Get With Guidelines 
Steering Committee and Hospitals. Weekend hospital admission 
and discharge for heart failure: association with quality of care 
and clinical outcomes. Am Heart J. 2009;158:451–458. 

 8. Chiu CY, Oria D, Yangga P, et al. Quality assessment of weekend 
discharge: a systematic review and meta-analysis. Int J Qual Health 
Care. 2020;32:347–355. 

 9. Orandi BJ, Selvarajah S, Orion KC, et al. Outcomes of nonelec-
tive weekend admissions for lower extremity ischemia. J Vasc 
Surg. 2014;60:1572–9.e1. 

 10. Khan MZ, Munir MB, Khan MU, et al. Trends, outcomes, and 
predictors of revascularization in cardiogenic shock. Am J Cardiol. 
2020;125:328–335. 

 11. Isogai T, Yasunaga H, Matsui H, et al. Effect of weekend admis-
sion for acute myocardial infarction on in-hospital mortality: a 
retrospective cohort study. Int J Cardiol. 2015;179:315–320. 

 12. Konda SR, Lack WD, Seymour RB, et al. Mechanism of injury dif-
ferentiates risk factors for mortality in geriatric trauma patients. 
J Orthop Trauma. 2015;29:331–336. 

 13. Robins JM, Hernan MA, Brumback B. Marginal structural models 
and causal inference in epidemiology. Epidemiology. 2000;11:550–560. 

 14. Olmos A, Govindasamy P. A practical guide for using propensity 
score weighting in R. Practical Assessment, Research, and Evaluation. 
2015;20:13. 

 15. Lee J, Little TD. A practical guide to propensity score analysis for 
applied clinical research. Behav Res Ther. 2017;98:76–90. 

 16. Brookhart MA, Schneeweiss S, Rothman KJ, et al. Variable 
selection for propensity score models. Am J Epidemiol. 
2006;163:1149–1156. 

 17. Bergstra SA, Sepriano A, Ramiro S, et al. Three handy tips and 
a practical guide to improve your propensity score models. RMD 
Open. 2019;5:e000953. 

 18. Linden A, Samuels SJ. Using balance statistics to determine the 
optimal number of controls in matching studies. J Eval Clin Pract. 
2013;19:968–975. 

 19. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 
Philadelphia: Routledge; 2013.

 20. Puhr R, Heinze G, Nold M, et al. Firth’s logistic regression with 
rare events: accurate effect estimates and predictions? Stat Med. 
2017;36:2302–2317. 

 21. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events 
per variable in logistic and Cox regression. Am J Epidemiol. 
2007;165:710–718. 

 22. R: A Language and Environment for Statistical Computing. R 
Foundation for Statistical Computing; 2021. Available at 
Https://www.R-Project.Org/

 23. Timaran CH, Veith FJ, Rosero EB, et al. Endovascular aortic 
aneurysm repair in patients with the highest risk and in-hospital 
mortality in the United States. Arch Surg. 2007;142:520–4; discus-
sion 524–525. 

 24. Hitzek J, Fischer-Rosinsky A, Mockel M, et al. Influence of 
weekday and seasonal trends on urgency and in-hospital mor-
tality of emergency department patients. Front Public Health. 
2022;10:711235. 

 25. McDonald HM, Iordanous Y. Ophthalmology on call: evaluating 
the volume, urgency, and type of pages received at a tertiary care 
center. Cureus. 2022;14:e23824. 

 26. Gathmann B, Schulte FP, Maderwald S, et al. Stress and deci-
sion making: neural correlates of the interaction between stress, 
executive functions, and decision making under risk. Exp Brain 
Res. 2014;232:957–973. 

 27. Dworkis DA, Jain A, Wolfe M, et al. Cognitive load during train-
ing for out-of-department emergency responses. AEM Educ Train. 
2022;6:e10742. 

 28. Richardson KM, Fouquet SD, Kerns E, et al. Impact of mobile 
device-based clinical decision support tool on guideline adher-
ence and mental workload. Acad Pediatr. 2019;19:828–834. 

 29. Woods B, Lang B, Blayney C, et al. Medic One Pediatric (MOPed) 
cards: standardising paramedic paediatric resuscitation. BMJ 
Open Qual. 2019;8:e000534. 

mailto:c.joani@wustl.edu
https://doi.org/10.1097/TA.0b013e31827d5e00
https://doi.org/10.1097/TA.0b013e31827d5e00
https://doi.org/10.1097/TA.0b013e31827d5e00
https://doi.org/10.1097/GOX.0000000000003277
https://doi.org/10.1097/GOX.0000000000003277
https://doi.org/10.1097/GOX.0000000000003277
https://doi.org/10.1097/GOX.0000000000003277
https://doi.org/10.1136/bmj.h4596
https://doi.org/10.1136/bmj.h4596
https://doi.org/10.1136/bmj.h4596
https://doi.org/10.1136/bmj.f2424
https://doi.org/10.1136/bmj.f2424
https://doi.org/10.1136/bmj.f2424
https://doi.org/10.1161/01.str.27.3.398
https://doi.org/10.1161/01.str.27.3.398
https://doi.org/10.1161/CIRCULATIONAHA.107.752113
https://doi.org/10.1161/CIRCULATIONAHA.107.752113
https://doi.org/10.1161/CIRCULATIONAHA.107.752113
https://doi.org/10.1161/CIRCULATIONAHA.107.752113
https://doi.org/10.1016/j.ahj.2009.06.025
https://doi.org/10.1016/j.ahj.2009.06.025
https://doi.org/10.1016/j.ahj.2009.06.025
https://doi.org/10.1016/j.ahj.2009.06.025
https://doi.org/10.1093/intqhc/mzaa060
https://doi.org/10.1093/intqhc/mzaa060
https://doi.org/10.1093/intqhc/mzaa060
https://doi.org/10.1016/j.jvs.2014.08.091
https://doi.org/10.1016/j.jvs.2014.08.091
https://doi.org/10.1016/j.jvs.2014.08.091
https://doi.org/10.1016/j.amjcard.2019.10.040
https://doi.org/10.1016/j.amjcard.2019.10.040
https://doi.org/10.1016/j.amjcard.2019.10.040
https://doi.org/10.1016/j.ijcard.2014.11.070
https://doi.org/10.1016/j.ijcard.2014.11.070
https://doi.org/10.1016/j.ijcard.2014.11.070
https://doi.org/10.1097/BOT.0000000000000281
https://doi.org/10.1097/BOT.0000000000000281
https://doi.org/10.1097/BOT.0000000000000281
https://doi.org/10.1097/00001648-200009000-00011
https://doi.org/10.1097/00001648-200009000-00011
https://doi.org/10.1016/j.brat.2017.01.005
https://doi.org/10.1016/j.brat.2017.01.005
https://doi.org/10.1016/j.brat.2017.01.005
https://doi.org/10.1016/j.brat.2017.01.005
https://doi.org/10.1016/j.brat.2017.01.005
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1136/rmdopen-2019-000953
https://doi.org/10.1136/rmdopen-2019-000953
https://doi.org/10.1136/rmdopen-2019-000953
https://doi.org/10.1111/jep.12072
https://doi.org/10.1111/jep.12072
https://doi.org/10.1111/jep.12072
https://doi.org/10.1002/sim.7273
https://doi.org/10.1002/sim.7273
https://doi.org/10.1002/sim.7273
https://doi.org/10.1093/aje/kwk052
https://doi.org/10.1093/aje/kwk052
https://doi.org/10.1093/aje/kwk052
Https://www.R-Project.Org/
https://doi.org/10.1001/archsurg.142.6.520
https://doi.org/10.1001/archsurg.142.6.520
https://doi.org/10.1001/archsurg.142.6.520
https://doi.org/10.1001/archsurg.142.6.520
https://doi.org/10.3389/fpubh.2022.711235
https://doi.org/10.3389/fpubh.2022.711235
https://doi.org/10.3389/fpubh.2022.711235
https://doi.org/10.3389/fpubh.2022.711235
https://doi.org/10.7759/cureus.23824
https://doi.org/10.7759/cureus.23824
https://doi.org/10.7759/cureus.23824
https://doi.org/10.1007/s00221-013-3808-6
https://doi.org/10.1007/s00221-013-3808-6
https://doi.org/10.1007/s00221-013-3808-6
https://doi.org/10.1007/s00221-013-3808-6
https://doi.org/10.1002/aet2.10742
https://doi.org/10.1002/aet2.10742
https://doi.org/10.1002/aet2.10742
https://doi.org/10.1016/j.acap.2019.03.001
https://doi.org/10.1016/j.acap.2019.03.001
https://doi.org/10.1016/j.acap.2019.03.001
https://doi.org/10.1136/bmjoq-2018-000534
https://doi.org/10.1136/bmjoq-2018-000534
https://doi.org/10.1136/bmjoq-2018-000534


PRS Global Open • 2023

8

 30. Mitchell SL, Hayda R, Chen AT, et al;METALS Study Group. The 
military extremity trauma amputation/limb salvage (METALS) 
study: outcomes of amputation compared with limb salvage 
following major upper-extremity trauma. J Bone Joint Surg Am. 
2019;101:1470–1478. 

 31. Busse JW, Jacobs CL, Swiontkowski MF, et al;Evidence-Based 
Orthopaedic Trauma Working Group. Complex limb salvage or 
early amputation for severe lower-limb injury: a meta-analysis of 
observational studies. J Orthop Trauma. 2007;21:70–76. 

 32. Frisvoll C, Clarke-Jenssen J, Madsen JE, et al. Long-term out-
comes after high-energy open tibial fractures: Is a salvaged limb 
superior to prosthesis in terms of physical function and quality of 
life? Eur J Orthop Surg Traumatol. 2019;29:899–906. 

 33. Pshenisnov K, Minachenko V, Sidorov V, et al. The use of island 
and free flaps in crush avulsion and degloving hand injuries. J 
Hand Surg Am. 1994;19:1032–1037. 

 34. Qi W, Chen K, Lu Y, et al. [Therapeutic effect comparison of repair-
ing digit degloving injury with two kinds of double island flap]. 
Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2009;23:1157–1160.

 35. Liu Y, Qu Z, Sun L, et al. [Effectiveness comparison between two 
kinds of procedures for treatment of totally degloved hand]. 
Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2014;28:973–976.

 36. Mello DF, Assef JC, Solda SC, et al. Degloving injuries of trunk 
and limbs: comparison of outcomes of early versus delayed 
assessment by the plastic surgery team. Rev Col Bras Cir. 
2015;42:143–148. 

 37. Lekuya HM, Alenyo R, Kajja I, et al. Degloving injuries with ver-
sus without underlying fracture in a sub-Saharan African tertiary 
hospital: a prospective observational study. J Orthop Surg Res. 
2018;13:2. 

 38. Rahimnia A, Rahimnia AH, Mobasher-Jannat A. Clinical and 
functional outcomes of vascularized bone graft in the treatment 
of scaphoid non-union. PLoS One. 2018;13:e0197768. 

 39. Tian H, Guo W, Zhou J, et al. Bone graft versus non-bone graft 
for treatment of calcaneal fractures: a protocol for meta-analysis. 
Medicine (Baltim). 2021;100:e24261. 

 40. Lin CH, Wei FC, Chen HC, et al. Outcome comparison in trau-
matic lower-extremity reconstruction by using various com-
posite vascularized bone transplantation. Plast Reconstr Surg. 
1999;104:984–992. 

 41. Liu S, Tao S, Tan J, et al. Long-term follow-up of fibular graft 
for the reconstruction of bone defects. Medicine (Baltim). 
2018;97:e12605. 

 42. Yuan K, Zhao B, Cooper T, et al. The management of degloving 
injuries of the limb with full thickness skin grafting using vacuum 
sealing drainage or traditional compression dressing: a compara-
tive cohort study. J Orthop Sci. 2019;24:881–887. 

 43. Hakim S, Ahmed K, El-Menyar A, et al. Patterns and manage-
ment of degloving injuries: a single national level 1 trauma cen-
ter experience. World J Emerg Surg. 2016;11:35. 

 44. Webster J, Liu Z, Norman G, et al. Negative pressure wound 
therapy for surgical wounds healing by primary closure. Cochrane 
Database Syst Rev. 2019;3:CD009261. 

 45. Gan H-W, Wong DJN, Dean BJF, et al. Do expanded seven-day 
NHS services improve clinical outcomes? Analysis of com-
parative institutional performance from the “NHS Services, 

Seven Days a Week” project 2013–2016. BMC Health Ser Res. 
2017;17:552. 

 46. Bion J, Aldridge C, Girling AJ, et al. Changes in weekend and 
weekday care quality of emergency medical admissions to 20 hos-
pitals in England during implementation of the 7-day services 
national health policy. BMJ Qual Saf. 2021;30:536–546. 

 47. Carr BG, Jenkins P, Branas CC, et al. Does the trauma system 
protect against the weekend effect? J Trauma. 2010;69:1042–7; 
discussion 1047–1048. 

 48. Mehra A, Henein C. Improving hospital weekend handover: a 
user-centered, standardised approach. BMJ Qual Improv Rep. 
2014;2:u202861.w1655. 

 49. Barry ME, Hochman BR, Lane-Fall MB, et al. Leveraging tele-
medicine infrastructure to monitor quality of operating room to 
intensive care unit handoffs. Acad Med. 2017;92:1035–1042. 

 50. Albright KC, Savitz SI, Raman R, et al. Comprehensive stroke 
centers and the “weekend effect”: the SPOTRIAS experience. 
Cerebrovasc Dis. 2012;34:424–429. 

 51. McKinney JS, Deng Y, Kasner SE, et al;Myocardial Infarction Data 
Acquisition System (MIDAS 15) Study Group. Comprehensive 
stroke centers overcome the weekend versus weekday gap in 
stroke treatment and mortality. Stroke. 2011;42:2403–2409. 

 52. Carr BG, Jenkins P, Branas CC, et al. Does the trauma system 
protect against the weekend effect? J Trauma. 2010;69:1042–7; 
discussion 1047. 

 53. Elbadawi A, Elgendy IY, Rai D, et al. Impact of hospital procedural 
volume on outcomes after endovascular revascularization for 
critical limb ischemia. JACC Cardiovasc Interv. 2021;14:1926–1936. 

 54. Zayed M, Bech F, Hernandez-Boussard T. National review of fac-
tors influencing disparities and types of major lower extremity 
amputations. Ann Vasc Surg. 2014;28:1157–1165. 

 55. van der Biezen M, Wensing M, van der Burgt R, et al. Towards an 
optimal composition of general practitioners and nurse practi-
tioners in out-of-hours primary care teams: a quasi-experimental 
study. BMJ Open. 2017;7:e015509. 

 56. Ward MM, Jaana M, Natafgi N. Systematic review of tele-
medicine applications in emergency rooms. Int J Med Inform. 
2015;84:601–616. 

 57. Khan AT, Tahmeedullah, Obaidullah. Degloving injuries of the 
lower limb. J Coll Physicians Surg Pak. 2004;14:416–418.

 58. Gratl A, Kluckner M, Gruber L, et al. The mangled extremity 
severity score (MESS) does not predict amputation in popliteal 
artery injury. Eur J Trauma Emerg Surg. 2022 [E-pub ahead of 
print]. .

 59. Schiro GR, Sessa S, Piccioli A, et al. Primary amputation vs limb 
salvage in mangled extremity: a systematic review of the current 
scoring system. BMC Musculoskelet Disord. 2015;16:372. 

 60. Loja MN, Sammann A, DuBose J, et al;AAST PROOVIT Study 
Group. The mangled extremity score and amputation: Time for 
a revision. J Trauma Acute Care Surg. 2017;82:518–523. 

 61. McNamara MG, Heckman JD, Corley FG. Severe open fractures 
of the lower extremity: a retrospective evaluation of the Mangled 
Extremity Severity Score (MESS). J Orthop Trauma. 1994;8:81–87. 

 62. Yeh HK, Fang F, Lin YT, et al. The effect of systemic injury score 
on the decision making of mangled lower extremities. Injury. 
2016;47:2127–2130. 

https://doi.org/10.2106/JBJS.18.00970
https://doi.org/10.2106/JBJS.18.00970
https://doi.org/10.2106/JBJS.18.00970
https://doi.org/10.2106/JBJS.18.00970
https://doi.org/10.2106/JBJS.18.00970
https://doi.org/10.1097/BOT.0b013e31802cbc43
https://doi.org/10.1097/BOT.0b013e31802cbc43
https://doi.org/10.1097/BOT.0b013e31802cbc43
https://doi.org/10.1097/BOT.0b013e31802cbc43
https://doi.org/10.1007/s00590-019-02382-x
https://doi.org/10.1007/s00590-019-02382-x
https://doi.org/10.1007/s00590-019-02382-x
https://doi.org/10.1007/s00590-019-02382-x
https://doi.org/10.1016/0363-5023(94)90111-2
https://doi.org/10.1016/0363-5023(94)90111-2
https://doi.org/10.1016/0363-5023(94)90111-2
https://doi.org/10.1590/0100-69912015003003
https://doi.org/10.1590/0100-69912015003003
https://doi.org/10.1590/0100-69912015003003
https://doi.org/10.1590/0100-69912015003003
https://doi.org/10.1186/s13018-017-0706-9
https://doi.org/10.1186/s13018-017-0706-9
https://doi.org/10.1186/s13018-017-0706-9
https://doi.org/10.1186/s13018-017-0706-9
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1097/MD.0000000000024261
https://doi.org/10.1097/MD.0000000000024261
https://doi.org/10.1097/MD.0000000000024261
https://doi.org/10.1097/00006534-199909040-00013
https://doi.org/10.1097/00006534-199909040-00013
https://doi.org/10.1097/00006534-199909040-00013
https://doi.org/10.1097/00006534-199909040-00013
https://doi.org/10.1097/MD.0000000000012605
https://doi.org/10.1097/MD.0000000000012605
https://doi.org/10.1097/MD.0000000000012605
https://doi.org/10.1016/j.jos.2019.01.002
https://doi.org/10.1016/j.jos.2019.01.002
https://doi.org/10.1016/j.jos.2019.01.002
https://doi.org/10.1016/j.jos.2019.01.002
https://doi.org/10.1186/s13017-016-0093-2
https://doi.org/10.1186/s13017-016-0093-2
https://doi.org/10.1186/s13017-016-0093-2
https://doi.org/10.1002/14651858.CD009261.pub4
https://doi.org/10.1002/14651858.CD009261.pub4
https://doi.org/10.1002/14651858.CD009261.pub4
https://doi.org/10.1186/s12913-017-2505-8
https://doi.org/10.1186/s12913-017-2505-8
https://doi.org/10.1186/s12913-017-2505-8
https://doi.org/10.1186/s12913-017-2505-8
https://doi.org/10.1186/s12913-017-2505-8
https://doi.org/10.1136/bmjqs-2020-011165
https://doi.org/10.1136/bmjqs-2020-011165
https://doi.org/10.1136/bmjqs-2020-011165
https://doi.org/10.1136/bmjqs-2020-011165
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1136/bmjquality.u202861.w1655
https://doi.org/10.1136/bmjquality.u202861.w1655
https://doi.org/10.1136/bmjquality.u202861.w1655
https://doi.org/10.1097/ACM.0000000000001590
https://doi.org/10.1097/ACM.0000000000001590
https://doi.org/10.1097/ACM.0000000000001590
https://doi.org/10.1159/000345077
https://doi.org/10.1159/000345077
https://doi.org/10.1159/000345077
https://doi.org/10.1161/STROKEAHA.110.612317
https://doi.org/10.1161/STROKEAHA.110.612317
https://doi.org/10.1161/STROKEAHA.110.612317
https://doi.org/10.1161/STROKEAHA.110.612317
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1097/TA.0b013e3181f6f958
https://doi.org/10.1016/j.jcin.2021.06.032
https://doi.org/10.1016/j.jcin.2021.06.032
https://doi.org/10.1016/j.jcin.2021.06.032
https://doi.org/10.1016/j.avsg.2013.11.008
https://doi.org/10.1016/j.avsg.2013.11.008
https://doi.org/10.1016/j.avsg.2013.11.008
https://doi.org/10.1136/bmjopen-2016-015509
https://doi.org/10.1136/bmjopen-2016-015509
https://doi.org/10.1136/bmjopen-2016-015509
https://doi.org/10.1136/bmjopen-2016-015509
https://doi.org/10.1016/j.ijmedinf.2015.05.009
https://doi.org/10.1016/j.ijmedinf.2015.05.009
https://doi.org/10.1016/j.ijmedinf.2015.05.009
https://doi.org/10.1007/s00068-022-02179-4
https://doi.org/10.1007/s00068-022-02179-4
https://doi.org/10.1007/s00068-022-02179-4
https://doi.org/10.1007/s00068-022-02179-4
https://doi.org/10.1186/s12891-015-0832-7
https://doi.org/10.1186/s12891-015-0832-7
https://doi.org/10.1186/s12891-015-0832-7
https://doi.org/10.1097/TA.0000000000001339
https://doi.org/10.1097/TA.0000000000001339
https://doi.org/10.1097/TA.0000000000001339
https://doi.org/10.1097/00005131-199404000-00001
https://doi.org/10.1097/00005131-199404000-00001
https://doi.org/10.1097/00005131-199404000-00001
https://doi.org/10.1016/j.injury.2016.05.023
https://doi.org/10.1016/j.injury.2016.05.023
https://doi.org/10.1016/j.injury.2016.05.023

