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ABSTRACT

Objective: This study set out to define and characterise the epidemiology, management and outcomes of vascular trauma in the UK and Ireland following the introduction of a national major trauma network (MTN).

Design: A retrospective observational study of a prospectively populated national database.

Methods: The Trauma Audit and Research Network registry was interrogated for all patients with traumatic vascular injury over eight years (2013-2020). Demographics, injury descriptors and severity score, patient management and outcomes were extracted and collectively analysed.

Results: In total, 8357 vascular trauma patients were analysed. Case volume increased 40.2% between 2013 (n=780) and 2020 (n=1094). Median patient age was 40.6 years (IQR 26.4-57.8) and over two-thirds (n=5758) of injuries occurred following blunt trauma. Over half of patients were admitted in haemorrhagic shock, two-thirds of which presented outside normal working hours (5pm–8am). From nearly 9000 vessel injuries, 80.6% (n=7136) were arterial with the aorta the most frequently involved vessel (n=1115). Interventions were performed in 39.9% (n=3338) of patients, 73.8% (n=2639) via open surgery with a median time to theatre of 3.3 hours (IQR 1.7-12.2). Interventional radiology procedures included embolisation (n=616) and primary stenting (n=319). The aorta was the most common site for intervention outside the extremities, 88.3% (n=250) of which were stented. Overall and early mortality rate fell significantly during the study from 15.9% and 8.1% in 2013 down to 11.1% and 2.9% in 2020 (r= -0.82, r= -0.90, p<0.01) respectively. Median critical care length of stay was 5 days (IQR 2-14) and overall hospital stay for all patients was 12.0 days (IQR 5-28). 

Conclusion: Following the transition towards MTNs, a significant reduction in both overall and early vascular trauma mortality has been observed. Co-operative development of national vascular and trauma registries to capture data relevant to quality-improvement activity is needed to inform and shape future practice.

WHAT THIS PAPER ADDS
This is the largest European vascular trauma study to date and the first to characterise the epidemiology of vascular trauma across all of England, Wales and Ireland. The study describes the increasing burden of vascular injury within these nations, detailing the injury characteristics, management and outcomes amongst these patients. We highlight the observed fall in overall and early mortality following the implementation of a national trauma network; examine the future challenges of meeting a growing demand on vascular services; and discuss the need for more granular data, achievable through collaboratively establishing a national registry integrating vascular and trauma data.
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INTRODUCTION

Traumatic injury is a significant global health concern of increasing prevalence worldwide(1–3). Major vessel involvement confers a disproportionate increase in morbidity and mortality compared to non-vascular trauma with a significant risk to life and limb through haemorrhage and ischaemic insults(4,5). In addition, vascular trauma imparts a substantial burden on hospital resources, both in the immediacy and longer term(6–8). The management and epidemiology of peacetime vascular trauma in the United Kingdom (UK) and Republic of Ireland has never been defined on a national level outside of Scotland(6,8–13).

The last decade has seen significant organisational change in the delivery of trauma care in the UK and Ireland. Between 2010 and 2012, following the identification of systemic failures in trauma care compared to other established trauma systems around the world, nationwide major trauma networks (MTN) were introduced consisting of regional major trauma centres supported by surrounding local trauma units (2,14,15). Simultaneously, vascular surgery in the UK also underwent a major transformation, separating from general surgery to become a standalone independently accredited specialty(16). The purpose of this study was therefore to investigate the impact of these organisational changes by, for the first time, characterising the epidemiology, management and outcomes of vascular trauma patients in the UK and Ireland.


METHODS

Data Source

The Trauma Audit and Research Network (TARN) was a national clinical audit for trauma care for England, Wales, Northern Ireland and the Republic of Ireland (EW&I) up until 2023(17). TARN collated data on any trauma patient who died in hospital, was admitted to a high dependency unit, to hospital over 72 hours; or required transfer to another unit for specialist input. TARN’s data governance protocols are available from its host institution and previously published reports(18).

Study Inclusion Criteria and Definitions

A TARN data request was granted for all patients with vascular trauma from 01/01/2013-31/12/2020. Study inclusion criteria were individuals of any age, sustaining a traumatic injury to a named vessel as defined by TARN reporting standards(17). Case exclusion criteria were any patient with isolated vascular injury to an intra-cranial, cardiac or pulmonary vessel.

Vascular injuries were analysed individually and by collective anatomical location. Junctional zone injuries included the carotid, vertebral, subclavian, axillary, brachiocephalic and common femoral arteries, along with their corresponding veins. Central and extremity zone injuries included all named vessel trauma located proximally or distally with respect to the junctional zones. Adults were defined as anyone 16 years or over at the time of injury and polytrauma as an abbreviated injury score (AIS) 3 in two or more body regions. Haemorrhagic shock was defined as present if adult patients had a head injury AIS 3 and either a systolic blood pressure <90mmHg, initial base excess -6 or received 4 units of blood at admission(6,19–22).

Statistical Analysis and Reporting

Non-parametric data are presented as medians with inter-quartile range (IQR). Categorical comparisons were performed using Fisher’s exact tests. Continuous variables were analysed using the Mann-Whitney U test of independent variables or simple linear regression. Statistical significance was accepted at p<0.01. The study was reported in accordance with STrengthening the Reporting of OBservational studies in Epidemiology (STROBE)  guidelines.

Ethics

TARN holds Health Research Authority approval to conduct research using anonymised data and an approved data licensing agreement was held between our institutions throughout the study(18).


RESULTS

Demographics & Presentation

[bookmark: OLE_LINK1]From January 2013 to December 2020 over half a million patients were registered with TARN. Within this population, 8357 met the inclusion criteria for the study. Overall, the annual number of vascular trauma cases increased 40.2% during the study period, from 780 patients in 2013 to 1094 in 2020. Median case volume per year was 1078 (IQR 914-1165) with a peak of 1279 cases admitted during the 2018 calendar year. The increase in vascular trauma paralleled the rise seen in the overall volume of trauma giving a consistent incidence of vascular trauma across EW&I of 1.5% (range 1.4-1.6%) per year (Figure 1a). The study population was predominantly male (77.4%, n=6467) with a median age of 40.6 years (IQR 26.4-57.8). Female patients were observed to be significantly older compared to males with a median age of 51.8 years (IQR 33.9-71.4) and 37.3 years (IQR 25.2-54.3, P<0.001) respectively (Table 1).

Mechanism of injury (MOI) data is reported in Figure 1b. Over two-thirds of patients (n= 5758) suffered a blunt MOI. Polytrauma was present in 46.9% (n=3923) of cases with a significantly higher incidence observed amongst females, adults and those injured from blunt trauma (p<0.001). These latter three groups of females, adults and blunt injury patients were also observed to have significantly higher median injury severity scores (ISS) (p<0.001) overall, with median ISS in those sustaining blunt vascular trauma more than double that of penetrating trauma (24 [IQR 10-36] vs 10 [IQR 9-18], p<0.001). Median ISS for all patients combined was 17 (IQR 9-33) with 59.4% (n=4960) of patients having an ISS>15, both of which remained unchanged across all years of study (Table 1).

Following exclusion of children and those with a significant head injury (n=1426), just over half of patients were found to be in haemorrhagic shock at admission (54.0%, n=3746). Two-thirds (n=2329) of shocked patients and 60% of all study patients, presented outside of normal working hours. The peak times for admission for all patients was 4-7pm with a trough in admissions observed between 6-9am (Figure 1c).

Distribution of Vascular Injuries

Amongst the 8357 included patients there were just under 9000 named vessel injuries.  Around 80% (n=7136) of these were arterial with 1722 (19.4%) venous injuries and 637 (7.2%) with combined arterial and venous trauma. Overall, central zone injuries were the most common, making up approximately 40% (n=3518) of all injuries, followed by junctional at 33.4% (n=2960) and finally extremity zone injuries at 26.9% (n=2380). Whilst arterial injury followed a similar proportional distribution between each zone, venous injuries occurred most often in a junctional zone (40.8%). Arterial injury, and specifically aortic injuries, were significantly more common in blunt compared to penetrating injury (p<0.001), whereas the reverse was observed for venous and caval injuries (p<0.001, Figure 1d).

Individually, the aorta was the most frequently injured vessel, constituting 15.6% of arterial injuries and 12.6% (n=1115) of all vascular trauma. Over 75% (n=858) of these involved the thoracic aorta of which just under half (n=510) were Grade 1 injuries. Comparatively, caval trauma was significantly less frequent with 150 injuries recorded over eight years. Outside of aortic trauma, the radial and ulnar arteries were the next most frequently injured vessels and the most common extremity vascular injury overall (n=824, 9.3%). The jugular vein was the most common venous injury. A full description of the distribution of all vascular injuries by individual named vessel is available in Appendix A.

Management & Interventions

A third of patients (n=2795) with a vascular injury received a blood transfusion either pre-hospital or on admission to the emergency department. The median number of units transfused was 2U (IQR 1-4) with a significantly higher transfusion demand amongst those with penetrating injury and by definition, those presenting in haemorrhagic shock (p<0.01). The latter group included 85 (4.9%) instances of massive transfusion of ten or more units of blood delivered at or before admission.

Vascular interventions were performed in 3338 patients (39.9%) with just over 4000 TARN-captured vascular procedures performed over this time. The intervention rate remained consistent around 40% with a median of 546 (IQR 467-578) procedures performed per year. This included 2921 (69.4%) arterial and 653 (15.5%) venous interventions. Arterial and venous interventions could be further categorised into open surgery (73.8%, n=2639) or procedures performed in interventional radiology (Table 2).

Interventional radiology procedures involved either embolisation (17.2%, n=616) or primary stenting (8.9%, n=319) (Figure 2a). The majority of embolisations were performed centrally (n=462) with just under 20% (n=117) involving a junctional zone and around 5% (n=37) extremity vessels. All of the 319 stents placed during the study period were arterial, 86.5% of these were placed centrally, including 250 (78.4%) aortic stents. The remaining 43 primary stenting procedures included 33 (10.3%) junctional stents and 10 (3.1%) extremity stents (Table 2). Further details regarding open surgical intervention were not captured within the dataset. 

Timing to intervention was available for 3166 (94.8%) patients. Median time to theatre was 3.3 hours (IQR 1.7-12.2) with over half of patients (n=1749) undergoing a vascular procedure within four hours and just under two-thirds (n=2045) within six hours of hospital admission (Table 3). For shocked patients, median time to theatre was 3.1 hours (IQR 1.6-12.2) compared to 4.1 hours (IQR 2.1-12.9, p<0.001) for non-shocked patients. Nearly half (n=630) of shocked patients undergoing intervention within the first 12 hours of presentation did so within 2 hours of admission and over three quarters (n=1093) within 4 hours (Figure 2b). 

For vascular injuries involving the upper and lower limbs, time to theatre was available for 800 cases with a median time from arrival to intervention of 3.2 hours (IQR 1.8-9.1). From those undergoing surgery in the first 12 hours (n=653), just over a third (n=250) of limb-injured patients were operated on within 2 hours, two-thirds (n=452) within 4 hours and over 80% (n=537) within 6 hours of admission.  There was no significant change in the time for patients to reach theatre during the study.

Open surgery for vascular injuries to the upper and lower limbs was most common with 49.6% (n=1309) of interventions involving the extremities, 30.7% (n=810) junctional and 19.7% (n=520) central (Figure 2c). Penetrating injury was significantly more likely to lead to open intervention both overall and within each injury zone (p<0.001). Amongst extremity interventions, over two-thirds involved the upper limb (n=894) and arterial procedures in this region accounted for just over a third (n=818) of all vascular interventions (Table 2).

Excluding those presenting with a full or partial amputation, 635 limb amputations were performed between 2013 and 2020 with amputations of the lower limb (n=510) more common than upper (n=125). The median amputation rate per year was 7.5% (6.9-8.3%) and amputations were significantly more common following blunt injury, and in the case of the lower limb, amongst patients presenting in shock (Table 2). Further details regarding amputation, including indication, could not be determined from the dataset’s free text descriptors. Secondary amputations made up 11% (n=70) of all amputations performed and within this patient cohort, the median time from admission to primary vascular intervention was 2.0 hours (IQR 1.4-3.6). 

Outside of the extremities, the aorta was the most common site for arterial intervention. A quarter (n=283) of the 1115 aortic injuries underwent intervention, 88.3% (n=250) of which were stented. The thoracic segment (n=250) was intervened on more often than the abdominal aorta (n=33) and whilst 92.8% (n=232) of thoracic aortic repairs were performed endovascularly, abdominal aortic repairs were evenly divided between open (45.5%, n=15) and endovascular (54.5%, n=18) approaches (Table 2). The jugular vein was the most frequently intervened-upon venous structure (n=147, 23%) followed by the vena cava (15.9%). In total, 101 (67.3%) caval injuries underwent open surgical repair over eight years, the majority of which involved the inferior vena cava (n=78, Table 2).

Patient Outcomes

The overall vascular mortality rate was 14.0% (n=1172) with 43.1% (n=505) of deaths occurring within 24 hours of admission, giving an early mortality rate of 6.0%. Both overall and early mortality rate fell significantly during the study from 15.9% and 8.1% in 2013 down to 11.1% and 2.9% in 2020 (r= -0.82, r= -0.90, p<0.01) respectively (Figure 3a). Overall mortality was significantly higher amongst those suffering blunt trauma, female patients and those presenting with shock (Table 3). The latter also carried a significantly higher early mortality rate compared to non-shocked patients (7.5% vs 1.5%, p<0.01; Figure 3b). Including haemorrhagic shock, no significant year-on-year change in mortality rate was observed amongst any of the comparison groups over the study period (Table 3).

Amongst patients undergoing an intervention during their admission, in-hospital mortality was highest after central vascular interventions (31.5%, n=164), a third of which involved either aortic or caval intervention. Outcomes in caval injury were universally poor irrespective of intervention, carrying an overall mortality of 43.9% (n=65) and interventional mortality of 42.6% (n=43) compared to 32.2% and 16.5% in aortic injury respectively. Mortality following a junctional or extremity intervention was significantly lower at 10.5% (n=85) and 2.0% (n=26) respectively.

Median hospital length of stay (LOS) for all patients was 12.0 days (IQR 5-28). For those admitted to a critical care unit, median critical care LOS was 5 days (IQR 2-14) and 4 days (IQR 2-14) if this followed an intervention. Blunt injured patients had a LOS double that of penetrating injury and along with females, adults and shocked patients, had a significantly longer LOS, both in hospital and amongst those admitted to critical care (p<0.01; Table 3). There was no significant annual variation in LOS observed during the study. 


DISCUSSION

Key Findings

At over 8000 patients, this is the largest study of vascular trauma in Europe and the first to characterise vascular trauma and its management across all of EW&I. Despite a 40% rise in case volume over the eight-year study period, the overall incidence of vascular injury remained at 1.5%. Two-thirds of vascular injuries occur following blunt trauma and over half of patients present in hypovolaemic shock, the majority outside of normal working hours. At 75% of injuries, the torso (including the junctional zones) is the primary site for vascular trauma and approximately 40% of patients require vascular intervention. A substantial increase in observed workload was accompanied by a significant fall in both early and overall mortality to 11.1% and 2.9% respectively in 2020. This study emphasises the improvement in outcomes observed within a maturing national trauma system, whilst also highlighting the potential future challenges facing vascular services in meeting the growing demands of vascular trauma within these countries.

Epidemiology
 
There has previously been a lack of clarity around the true incidence of vascular trauma in the UK and Ireland(12). Our study findings are similar to other recent reports of developed trauma systems in Europe and the United States(19,23). Although incidence of vascular trauma has remained relatively consistent, the volume of vascular trauma is increasing. Annual case numbers peaked in 2018, up over 60% from the first year of data collection. Whilst admitted patients were predominantly male, the proportion of females suffering vascular injury appears to be increasing and represents a growing trend within trauma as a whole(2,19).

The reasons for an increased prevalence of female injury are not clearly understood. Female vascular trauma patients as a group had higher injury severity scores, and worse clinical outcomes compared to males. Although these findings are consistent with the age and higher prevalence of blunt trauma and polytrauma seen in the female cohort, the lower mortality seen in the male group is at odds with the greater degree of shock they exhibited. Previous studies on gender related outcomes in trauma have found worse outcomes amongst young males but no difference between these groups over the age of 45(24).

Injuries

Most vascular injuries in our study were in the torso, equally split between the thorax and the abdomen and pelvis with junctional and then extremity injury progressively less common. Although a rare occurrence in trauma overall with an incidence between 0.05-0.3%, the aorta was the most frequently injured vessel in our patient series(23,25–27). These injuries are known to be heavily associated with blunt trauma, normally involving the thoracic segment(23,25,28–30). In contrast, caval injury is much less prevalent amongst our population, accounting for just 1.7% of vascular injuries and most frequently associated with penetrating trauma. This is half the incidence of the United States where blunt caval trauma is far more common. This may relate to gunshots being the primary mechanism of penetrating injury in the States, whereas in the UK, knife-related violence dominates in penetrating trauma and mostly involves the extremities(23,31,32).

Interventions

Conservative management is the most common strategy in vascular trauma, both in this patient series and others(33). Approximately three-quarters of interventions were performed via open surgery during the study. Most radiological procedures involved embolisation with primary stenting largely restricted to the aorta. It is reported a quarter of patients undergoing aortic stenting following trauma are lost to follow-up within the first year(34,35). The soon to be published European guidelines on vascular trauma are expected to set out recommended protocols for post-operative aortic stent surveillance, confirming the importance of both early and longer-term follow-up of this patient population. 

The benefits of vascular registries as tools for post-operative surveillance, as well as device auditing and maintaining national oversight over individual unit care quality, are well established(36). Despite this, the UK’s National Vascular Registry did not capture stented trauma patients, nor other vascular injury interventions within its standard data fields during the study period(36). Future inclusion of these cases may help us better understand, not just stent performance and related patient outcomes over time, but also the broader details of vascular trauma management upon which future guidelines are certain to focus. This includes timing of intervention for differing grades of injury; strategies for temporising and managing active haemorrhage; and recommended approaches to both arterial and venous repair(34,35).

Where vascular injury causes threat to limb or life, rapid intervention is critical in reducing morbidity and mortality(37–40). There is a 10% reduction in probability of limb salvage for every hour delay to revascularisation and amongst those surviving to hospital, the majority of deaths from haemorrhagic shock occur within two hours of injury(38,40,41). From over 4000 vascular interventions captured in our study, median time to theatre was just over three hours for patients with limb injury or hypovolaemic shock. As time of injury was not available from TARN, contextualising this in terms of time-to-intervention is challenging. This said, forthcoming European guidance will likely reflect the critical importance of early restoration of distal perfusion in trauma with optimal outcomes achieved through revascularisation within an hour of hospital admission. 

Mortality

Overall and early mortality fell around 5% with a median eight-year mortality of 14%, consistent with other large patient population studies across Canada and Australia(42–44). The improved overall mortality over the study timeline was however not observed amongst shocked patients, with a relatively unchanged 7.5% annual mortality rate. This group of patients place added strain on hospital resource within a population who already exceed the demands of many other severely non-vascular injured patients(6). Once more, improvement in time to definitive intervention may offer an opportunity to reduce both early mortality and delayed morbidity.

Limitations

Certain study limitations should be appreciated. This includes the risk of confounders due to the retrospective nature of the work; possibility of errors secondary to inaccuracy of procedural coding (such as a lack of granularity in reporting vessels treated with embolisation); and TARN’s exclusion of patients discharged from hospital within 72 hours.


CONCLUSION

Vascular injury is increasing alongside the overall volume of trauma in the UK and Ireland. Most injuries are from blunt mechanisms and present outside of normal working hours. Over a third of patients go on to require intervention, predominantly through open surgery. The transition towards major trauma networks has been associated with a significant reduction in both overall and early vascular trauma mortality. Despite this, mortality amongst shocked patients remains unchanged. Co-operative development of national vascular and trauma registries to capture data relevant to quality-improvement activity is required to inform future service planning; support patient surveillance; and benchmark care against trauma specific guidelines.
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LEGENDS FOR FIGURES

Figure 1
Patient presentation and injuries 2013-2020 shown as: (a) Annual vascular trauma case volume per patient demographic compared to overall trauma case numbers; (b) Mechanisms of vascular injury amongst the study population; (c) Median case presentation time over 24-hours; and (d) 	Frequency of vascular injury per anatomical zone, overall and by MOI.

Figure 2
Vascular interventions 2013-2020 shown as: (a) Number of open and endovascular procedures, overall and by MOI; (b) Relative frequency of time to vascular intervention over the first 12 hours from admission for shocked vs non-shocked patients; and (c) Number of interventions per anatomical zone, overall and by MOI.

Figure 3
Percentage annual mortality for: (a) All vascular trauma patients; and (b) Amongst shocked and non-shocked patients.

Table 1: Summary of demographics and presentation among vascular trauma patients in the UK and Ireland, 2013-2021
	
	Male
	Female
	Adults
	Children
	Blunt
	Penetrating
	All Patients

	Cases
	6467
	1890
	8136
	221
	5758
	2599
	8357

	Age Median (IQR)
	37.3
(25.2-54.3)*
	51.8
(33.9-71.4)*
	41.55
(27.4-58.3)
	11.8
(8.1-14.8)
	46.6
(29.7-63.4)*
	30.9
(22.4-44.5)*
	40.6
(26.4-57.8)

	Male n (%)
	
	
	6304
(77.5)
	162
(73.3)
	4211
(73.1)*
	2256
(86.8)*
	2256
(77.4)

	Blunt Injury n (%)
	4211
(65.1)*
	1547
(81.9)*
	5611
(69.0)
	147
(66.5)
	-
	-
	5758
(68.9)

	Polytrauma
	2930
(45.3)*
	993
(52.5)*
	3853
(47.4)*
	70
(31.7)*
	3236
(56.2)*
	687
(26.4)*
	3923
(46.9)

	ISS Median (IQR)
	17
(9-32)*
	20
(9-34)*
	17
(9-33)*
	16
(9-25)*
	24
(10-36)*
	10
(9-18)*
	17
(9-33)

	      ISS <9 n (%)
	290
(4.5)
	76
(4.0)
	348
(4.3)
	18
(8.1)
	198
(3.4)*
	168
(6.5)*
	366
(4.4)

	      ISS 9-15 n (%)
	2407
(37.2)
	624
(33.0)
	2939
(36.1)
	92
(41.6)
	1700
(29.5)*
	1331
(51.2)*
	3031
(36.3)

	      ISS >15 n (%)
	3770
(58.3)*
	1190
(63.0)*
	4849
(59.6)
	111
(50.2)
	3860
(67.0)*
	1100
(42.3)*
	4960
(59.4)

	Shock (%)**
	2964
(55.0)*
	782
(50.8)*
	-
	-
	2084
(55.6)*
	1662
(44.4)*
	3746
(54.0)

	Arrival time 
	
	
	
	
	
	
	

	      00:00-08:00
	1571
(24.3)*
	360
(19.0)*
	1911
(23.5)*
	20
(9.0)*
	1118
(19.4)*
	813
(31.3)*
	1931
(23.1)

	      08:00-16:00
	2151
(33.3)*
	723
(38.3)*
	2798
(34.4)
	76
(34.4)
	2206
(38.3)*
	668
(25.7)*
	2874
(34.4)

	      16:00-24:00
	2745
(42.4)
	807
(42.7)
	3427
(42.1)
	125
(56.6)
	2434
(42.3)
	1118
(43.0)
	3552
(42.5)



*Significant (p<0.01)
**Patients with AIS head >3 excluded (% calculated from total cases less those excluded, n=6931)


Table 2: Summary of  interventions for traumatic vascular injury in the UK and Ireland, 2013-21
	Intervention Type
	Male
	Female
	Adults
	Children
	Blunt
	Penetrating
	Shock**
	No Shock**
	All Cases

	Open Arterial
	1645 (82.0)*
	360 (18.0)*
	1936 (96.6)*
	69 (3.4)*
	958 (47.8)*
	1047 (52.2)*
	1430 (80.0)*
	357 (20.0)*
	2005

	Central
Aortic
Other
	288
28 (9.7)*
260 (90.3)
	61
5 (8.2)*
56 (91.8)
	338
31 (9.2)
307 (90.8)
	11
2 (18.2)
9 (81.8)
	184*
25 (13.6)
159 (86.4)*
	165*
8 (4.8)
157 (95.2)*
	217
20 (9.2) *
197 (90.8)
	83
6 (7.2)*
77 (92.8)
	349 (17.4)
33 (9.5)
316 (90.5)

	Junctional
Upper Limb
Lower Limb
Head & Neck***
	442
93 (21.0)
206 (46.6)
143 (32.4)
	98
28 (28.6)
35 (35.7)
35 (35.7)
	526
119 (22.6)
232 (44.1)
175 (33.3)
	14
2 (14.3)
9 (64.3)
3 (21.4)
	201*
69 (34.3)
96 (47.8)*
36 (17.9)*
	339*
52 (15.3)
145 (42.8)*
142 (41.9)*
	301*
73 (24.3)
163 (54.1)
65(21.6)*
	134*
30 (22.4)
59 (44.0)
45 (33.6)*
	540 (26.9)
121 (22.4)
241 (44.6)
178 (33.0)

	Extremity
Upper Limb
Lower Limb
	915
665 (72.7)
250 (27.3)
	201
153 (76.1)
48 (23.9)
	1072
786 (73.3)
286 (26.7)
	44
32 (72.7)
12 (27.3)
	573*
369 (64.4)*
204 (35.6)*
	543*
449 (82.7)*
94 (17.3)*
	912*
710 (77.9)*
202 (22.1)
	140*
68 (48.6)*
72 (51.4)
	1116 (55.7)
818 (73.3)
298 (26.7)

	Open Venous
	538 (84.9)*
	96 (15.1)*
	607 (95.7)
	27 (4.3)
	192 (30.3)*
	442 (69.7)*
	429 (75.7)*
	138 (24.3)*
	634

	Central
Caval
Other
	148
86 (58.1)
62 (41.9)
	23
15 (65.2)
8 (34.8)
	164
97 (59.1)
67 (40.9)
	7
4 (57.1)
3 (42.9)
	60*
32 (53.3)*
28 (46.7)*
	111*
69 (62.2)*
42 (37.8)*
	121
64 (52.9)
57 (47.1)*
	31
23 (74.2)
8 (25.8)*
	171 (27.0)
101 (59.1)
70 (40.9)

	Junctional
Upper Limb
Lower Limb
Head and Neck***
	237
27 (11.4)
77 (32.5)
133 (56.1)
	33
5 (15.2)
11 (33.3)
17 (51.5)
	258
30 (11.6)
81 (31.4)
147 (57.0
	12
2 (16.7)
7 (58.3)
3 (25.0)
	46*
8 (17.4)*
20 (43.5)*
18 (39.1)*
	224*
24 (10.7)*
68 (30.4)*
132 (58.9)*
	147
22 (15.0)
69 (46.9)
56 (38.1)*
	85
2 (2.4)
12 (14.1)
71 (83.5)*
	270 (42.6)
32 (11.9)
88 (32.6)
150 (55.6)

	Extremity
Upper Limb
Lower Limb
	153
69 (45.1)
84 (54.9)
	40
7 (17.5)
33 (82.5)
	185
69 (37.3)
116 (62.7)
	8
7 (87.5)
1 (12.5)
	86*
29 (33.7)*
57 (66.3)
	107*
47 (43.9)*
60 (56.1)
	161*
63 (39.1)*
98 (60.9)*
	22*
6 (27.3)*
16 (72.7)*
	193 (30.4)
76 (39.4)
117 (60.6)

	Interventional Radiology
	725 (77.5)*
	210 (22.5)*
	923 (98.7)*
	12 (1.3)*
	792 (84.7)*
	143 (15.3)*
	462 (61.2)*
	293 (38.8)*
	935

	Art. Embolisation
Ven. Embolisation
Stent (All Arterial)
	442 (61.0)*
15 (2.1)
268 (37.0)*
	155 (73.8)*
4 (1.9)
51 (24.3)*
	593 (64.2)*
18 (2.0)
312 (33.8)
	4 (33.3)*
1 (8.3)
7 (58.3)
	485 (61.2)*
12 (1.5)
295 (37.2)*
	112 (78.3)*
7 (4.9)
24 (16.8)*
	285 (61.7)
10 (2.2)
167 (36.1)*
	210 (71.7)
5 (1.7)
78 (26.6)*
	616 (63.9)
19 (2.0)
319 (34.1)

	Amputations
	506 (79.7)
	129 (20.3)
	625 (98.4)
	10 (1.6)
	586 (92.3)*
	49 (7.7)*
	278 (49.7)
	281 (50.3)
	635

	Upper Limb
Lower Limb
	106 (20.9)
400 (79.1)
	19 (14.7)
110 (85.3)
	123 (19.7)
502 (80.3)
	2 (20.0)
8 (80.0)
	108 (18.4)*
478 (81.6)*
	17 (34.7)*
32 (65.3)*
	34 (12.2)*
244 (87.8)*
	69 (24.6)*
212 (75.4)*
	125 (19.7)
510 (80.3)

	All Vascular Interventions
	2908 (81.4)
	666 (18.6)
	3466 (97.0)
	108 (3.0)
	1942 (54.3)*
	1632 (45.7)*
	2321 (74.7)*
	788 (25.3)*
	3574

	Arterial
Venous
	2355 (81.0)
553 (19.0)*
	566 (85.0)
100 (15.0)*
	2841 (82.0)
625 (18.0)
	80 (74.1)
28 (25.9)
	1738 (89.5)
204 (10.5)*
	1183 (72.5)
449 (27.5)*
	1882 (81.1)*
439 (18.9)*
	645 (81.9)*
143 (18.1)*
	2921 (81.7)
653 (18.3)



*Significant (p<0.01)
**Patients with AIS head >3 excluded (% calculated from total cases less those excluded, n=7113)
***Excluding SCA/SCV intervention (included with Upper Limb)


Table 3: Summary of vascular trauma patient management and outcomes in the UK and Ireland, 2013-2021
	
	Cases
	Median Time (Min) to 1st Intervention (IQR)**
	Median Procedure Duration (Min)
	LOS (IQR)
	Critical Care LOS (IQR)***
	Mortality <24 hours (%)
	Overall Mortality (%)

	Male
	6467
	156
(88-307)*
	181
(119-288)
	11
(5-27)
	4
(2-13)
	404
(-6.2)
	872
(13.5)*

	Female
	1890
	189
(98-447)*
	170
(109-280)
	14
(5-33)*
	6
(2-15)*
	101
(-5.3)
	300
(15.9)*

	Adults
	8136
	189
(98-447)*
	180
(115-285)*
	12
(5-29)*
	5
(2-14)*
	490
(-6)
	1145
(-14.1)

	Children
	221
	161
(84-341)
	225
(148-317)*
	7
(4-19)*
	3
(1-7)*
	15
(-6.8)
	27
(-12.2)

	Blunt
	5758
	188
(68-251)*
	180
(115-295)
	15
(6-35)*
	6
(2-16)*
	351
(-6.1)
	886
(15.4)*

	Penetrating
	2599
	132
(68-251)*
	180
(120-274)
	6
(4-14)*
	1
(3-6)*
	154
(-5.9)
	286
(11.0)*

	Shocked
	3746
	149
(85-300)*
	189
(120-294)*
	9
(4-26)*
	4
(2-12)*
	280
(7.5)*
	577
(15.4)*

	Non-Shocked
	3185
	188
(108-390)*
	160
(105-265)*
	12
(6-25)*
	4
(1-9)*
	49
(1.5)*
	167
(5.2)*

	All Patients
	8357
	163
(90-328)
	180
(117-285)
	12
(5-28)
	5
(2-14)
	505
(-6)
	1172
(-14)



*Significant (p<0.01)
**Amongst emergency interventions within 1st 24 hours of admission
***For Patients Admitted to Critical Care, LOS: Length of Stay (Days), ED: Emergency Department (Including Pre-hospital)

