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Abstract. – OBJECTIVE: Timely intervention 
is the key to the successful management of pen-
etrating injuries to jugular veins; however, the 
optimal clinical management of these perfora-
tions and associated risk factors for mortali-
ty are not fully established. This study exam-
ined the trauma characteristics, vital signs, and 
in-hospital mortality in penetrating external and 
internal jugular vein injuries (PEJVI and PIJVI, 
respectively).

PATIENTS AND METHODS: In this National 
Trauma Data Bank database study on patients 
with penetrating jugular vein injuries (PJVIs), 
details pertaining to demographics, comorbid-
ities, type of injury, mechanism and intent of 
injury, Injury Severity Score (ISS), vital signs, 
treatment, and outcome, were abstracted. Multi-
variate logistic regression was used to identify 
the risk factors of in-hospital mortality.

RESULTS: A total of 548 patients with PJVIs 
were included in the final analysis. Patients 
with PEJVI were more likely to have a self-in-
flicted injury (p<.001) than those with PIJVI. In 
both groups, hemorrhage control surgery was 
performed in almost 60% of the patients with-
in 24 hrs. of the injury (p=.767). Systolic blood 
pressure (OR 0.99, 95% CI: 0.98-1.00, p=.043), 
Glasgow coma scale (OR 0.88, 95% CI: 0.81-0.95, 
p<.001), ISS (OR 1.10, 95% CI: 1.06-1.14, p<.001), 
and the firearm as a mechanism of injury (OR 
2.85, 95% CI: 1.19-6.79, p=.018) were found to 
be independently associated with the risk of 
in-hospital mortality.

CONCLUSIONS: The injury severity, hemody-
namic stability, comma scale, intent, and mech-
anism of injury differed significantly in PEJVI 
and PIJVI; however, the type of PJVI did not 
have an independent association with in-hospi-
tal mortality.

Key Words:
Penetrating neck trauma, Blood vessel injury, Jug-

ular vein, Mortality, Injury mechanism.

Introduction

The neck is an anatomically narrow region 
with a dense concentration of vital structures. 
Any penetrating injury to the neck may severely 
damage the arteries and veins there1-3. Although 
penetrating blood vessel injuries (PBVIs) of the 
neck are rare, they pose a severe mortality risk 
and may warrant an immediate intervention to 
control the hemorrhage4,5. Thankfully, such risks 
have decreased in the recent past because of 
improved trauma management practices and re-
duced time from the initial injury to arrival to the 
emergency department (ED). However, the out-
come still greatly depends on the timely adoption 
of an appropriate management strategy6-11.

Management of penetrating injuries to blood 
vessels in the neck demands a clear understanding 
of the vascular anatomy and function12. Operative 
management of PVBI involves neck exploration, 
followed by surgical ligation or repair of the 
identified injuries13. However, with the advances 
in trauma management tools and protocols, the 
emphasis is now on observation and selective use 
of imaging and endoscopy9. Angioembolization 
has evolved as a hemorrhage control modality. 
Nonoperative management (NOM) and the “no 
zone” approach are also receiving.

increasing acceptance14. Underscoring the ur-
gency and accuracy of the intervention is the 
fact that even a temporary arrest of hemorrhage 
at the site of the accident has been reported to 
save the life of the patients. Under this setting 
of competing priorities, a selective surgical ex-
ploration only after a careful analysis of the type 
and severity of the PBVI is often considered an 
optimal approach6-8. However, it has also been 
observed that potentially lethal injuries to major 
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vascular and visceral structures in the neck may 
go undetected if selective exploration criteria are 
used indiscriminately15.

Venous injuries are the least common PBVIs16. 
The main veins in the neck region are the exter-
nal jugular vein (EJV) and internal jugular vein 
(IJV)9,17-19. Jugular vein injuries (JVIs) are more 
likely to be caused by penetrating neck trauma20. 
Unlike arteries in the neck, the venous system is 
a low-pressure system; therefore, it has a consid-
erably different risk profile. However, the existing 
literature on JVI is limited, and little information 
is available on the spectrum of these injuries 
and the associated trauma mechanism, intent, 
severity, Glasgow comma status, hemodynamic 
stability, and clinical management.

The National Trauma Data Bank (NTDB) is 
the world’s largest trauma data repository21-33. The 
present study utilizes the NTDB database to in-
vestigate the demographic and clinical features of 
penetrating JVIs (PJVIs). The demographics, vi-
tal signs, type of injury, trauma mechanism, first 
surgery for hemorrhage control, and in-hospital 
mortality in patients with a PJVI were examined. 
The risk factors for in-hospital mortality were 
examined, and a subgroup analysis was conduct-
ed with respect to penetrating EJVs (PEJVs) and 
penetrating IJVs (PIJVs).

Patients and Methods

The NTDB database for 2017 was examined 
to identify patients who sustained an isolated 
traumatic JVI. Patients with blunt traumas and 
injuries to multiple blood vessels in the neck were 
excluded5,34-37. Furthermore, all patients with con-
taminant injuries in other organs were excluded. 
Only injuries in the neck/head ISS body region 
were included.

The key variables extracted from the NTDB 
database included demographics, types of blood 
vessels in the neck, comorbidities, mechanism of 
injury, Systolic Blood Pressure (SBP), Glasgow 
Coma Scale (GCS), Injury Severity Score (ISS), 
the First Type of Surgery for Hemorrhage Control 
(FSHC) within the first 24 h of ED/hospital arrival, 
and vital signs in the ED. The treatment modalities 
were also abstracted. The primary outcome was 
in-hospital mortality. The key secondary outcomes 
included in-hospital stroke, sepsis, length of stay 
(LOS) in the ICU, and LOS in the hospital.

GCS was classified into two groups: GCS<9 
(severe)38 and GCS ≥9. SBP was divided into two 

groups: SBP <90 mmHg (shock) and SBP≥90 
mmHg39. The ISS scale was also classified into 
two groups: ISS>15 (major trauma) and ISS≤1540. 
These variables were analyzed both as continuous 
and dichotomous variables using the above-men-
tioned classification. The terminology used in 
the NTDB database was retained for the sake of 
standardization.

The mechanism of injury was defined as cut/
pierce, firearms, and natural/environmental41, 
broadly representing stabbing, gunshot, and other 
types of injuries, respectively. The key operative 
procedures (root operations) performed on the 
vessels were occlusion and repair. The term oc-
clusion includes ligation too. NOM was defined 
as the absence of associated International Clas-
sification of Diseases, Tenth Revision, Procedure 
Coding System (ICD-PCS) procedures. In the 
NTDB database, the approach was defined as 
“open” or “percutaneous”. The details of each 
injury and each vascular surgery procedure are 
given in the Supplementary Data (Supplementa-
ry Tables I and II).

Statistical Analysis
Categorical variables were reported as per-

centages, while continuous variables were re-
ported as median with the interquartile range 
(IQR). Continuous variables were placed into 
clinically relevant groups. Univariate analy-
sis was performed to identify differences be-
tween outcomes in the groups of interest. The 
Mann-Whitney U test was used to compare 
continuous variables, while Fisher’s exact or 
Pearson’s chi-square test was used to compare 
proportions for categorical variables. Variables 
with a p-value <.05 were considered significant. 
All statistical analysis was performed using 
STATA for Windows version 16.0.

Results

Overall Demographics and 
Clinical Characteristics

A total of 548 cases of the PJVI were ob-
served in the NTDB database (Figure 1 and 
Table I). Patients with a PJVI were more like-
ly to be men (81.0%). The median age of the 
patients was 35 (26-49) years, and only 51 
(9.3%) patients were more than 60 years old. 
With respect to ED vital signs, 120 (21.9%) pa-
tients had GCS <9 and 73 (13.3%) had SBP<90 
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mmHg. The median respiratory rate was 19.0 
(16-22) per minute. The frequently observed 
comorbidities included hypertension and diabe-
tes mellitus, which were observed in 57 (10.4%) 
and 28 (5.1%) patients, respectively. Assault 
was the most frequent intent of injury and was 
observed in 311 (56.8%) patients, followed by 
self-inflicted injuries observed in 184 (33.6%) 
patients. Cut/pierce (419, 76.5%) was the most 
commonly observed injury mechanism, fol-
lowed by firearms (123, 22.4%). Natural/envi-
ronmental mechanisms were responsible only 
for 6 (1.1%) injuries (Table I).

PEJVI and PIJVI: Demographics 
and Vital Signs

Table I presents the demographics and clin-
ical characteristics of patients with PEJVI and 
PIJVI. The observed incidences of PEJVI and 
PIJVI were almost the same. For both PEJVI 

and PIJVI, the patients are more likely to be 
men. Patients in the PIJVI group were young-
er (p<.001). Median SBP was not statistically 
different between the groups, and both had 
approximately 13% of patients with SBP<90 
(p>.001). The respiratory rate was higher in 
patients with PIJVI (p<.001). Approximately 
25% of patients with PEJVI had ISS >15, where-
as 41.7% of patients with PIJVI had ISS>15 
(p<.001). There was no significant difference 
between the two groups in terms of the percent-
age of patients with preexisting diabetes, under 
anticoagulant therapy, or with a bleeding dis-
order. The relative incidences of self-inflected 
injury were significantly higher in patients with 
PEJVI (45.5%) than in those with PIJVI (21.4%, 
p<.001). In approximately 9% of patients with 
PEJVI, the trauma mechanism was a firearm, 
while it was in 36.2% of patients with PIJVI 
(p<0.001, Table I).

Figure 1. Study flow chart NTDB: National Trauma Data Bank, BVI: Blood vessel injury, JVI: Jugular vein injury, PEJVI: 
Penetrating external jugular vein, PIJVI: Penetrating internal jugular vein, n: Number of reported incidences.
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PEJVI and PIJVI: Trauma Management 
and Outcome

The time to emergency management service 
(EMS) response was slightly longer for patients 
with PIJVI (p=.049, Table II). An angiogram with 
embolization was used in 7 patients. FSHC in the 
neck region was performed in more than 50% of 
patients in both groups (p=.767). With respect to 
vascular surgery, repair of the JV was performed 
in 21% of patients and NOM was used in approx-
imately 60% of cases. Specific details of all pro-
cedures are provided in Supplementary Table II.

The median LOS (ICU) was almost similar for 
patients with PIJVI and PEJVI (p=.503). Howev-
er, the median LOS (hospital) was slightly higher 
for patients with PIJVI (p=.045). Stroke occurred 
in approximately 3.0% of patients with PIJVI 

and in 0.4% of patients with PEJVI (p=0.053). 
Cardiac arrest with CPR was observed in 2.9% of 
patients with PEJVI and in 6.3% of patients with 
PIJVI (p=.058).

In-Hospital Mortality in PEJVI and PIJVI
In-hospital mortality was 3.5% in the pa-

tients with PEJVI and 14.1% in those with PIJVI 
(p<.001, Table II). Results of both univariate and 
multivariate analyses of the potential risk factors 
for in-hospital mortality are presented in Table 
III. Univariate analysis revealed that SBP, GCS, 
firearm as a mechanism of injury, ISS, and type 
of JVI were associated with the risk of in-hospital 
mortality. Compared to the PEJVI, the PIJVI had 
an approximately 4 times higher risk for in-hos-
pital mortality (OR 4.562.15-9.69, p<0.001). The 

Table I. Demographics, clinical features, and trauma mechanisms in patients with PJVI.

  PEJVI PIJVI Total 
  (N = 277) (N = 271) (N = 548) p-value

Age (Years) Median (Q1, Q3) 39.0 (28.0, 54.0) 32.0 (23.0, 45.0) 35.0 (26.0, 49.0) <.001
 Age > 60 39 (14.1%) 12 (4.4%) 51 (9.3%) <.001
Sex Male 224 (80.8%) 219 (80.8%) 443 (80.8%) .917
 Female 53 (19.1%) 52 (19.1%) 105 (19.1%) 
Ethnicity Hispanic or Latino 55 (19.8%) 41 (15.1%) 96 (17.5%) .128
 Others 222 (81.9%) 230 (84.8%) 452 (82.4%) 
Race Black 242 (87.4%) 237 (87.5%) 479 (87.4%) .975
 White 35 (12.6%) 34 (12.5%) 69 (12.6%) 
ED vital signs GCS < 9 54 (19.5%) 66 (24.4%) 120 (21.9%) .169
 GCS 15.0 (11.5, 15.0) 15.0 (9.0, 15.0) 15.0 (10.0, 15.0) .817
 SBP < 90 36 (13.0%) 37 (13.7%) 73 (13.3%) .821
 SBP 123.0 (101.0, 139.0) 122.5 (107.0, 140.0) 123.0 (104.0, 139.0) .943
  Respiratory Rate 18.0 (16.0, 22.0) 20.0 (17.5, 22.0) 19.0 (16.0, 22.0) .049
 Pulse Rate > 120 83 (30.0%) 83 (30.6%) 166 (30.3%) .866
 ISS 10.0 (5.0, 14.0) 13.0 (8.0, 22.0) 10.0 (5.0, 18.0) <.001
 ISS >1 5 69 (24.9%) 113 (41.7%) 182 (33.2%) <.001
Comorbidity Anticoagulant Therapy 2 (0.7%) 1 (0.4%) 3 (0.5%) .576
 Bleeding Disorder 0 (0.0%) 1 (0.4%) 1 (0.2%) .312
 Diabetes Mellitus 17 (6.1%) 11 (4.1%) 28 (5.1%) .269
 Hypertension 37 (13.4%) 20 (7.4%) 57 (10.4%) .022
 Myocardial Infarction 1 (0.4%) 1 (0.4%) 2 (0.4%) .988
 CHF 1 (0.4%) 1 (0.4%) 2 (0.4%) .988
 Unintentional 14 (5.1%) 20 (7.4%) 34 (6.2%) 
 Self-inflicted 126 (45.5%) 58 (21.4%) 184 (33.6%) 
 Assault 134 (48.4%) 177 (65.3%) 311 (56.8%) 
 Undetermined 3 (1.1%) 14 (5.2%) 17 (3.1%) 
 Others 0 (0.0%) 2 (0.7%) 2 (0.4%) 
Mechanism     <.001
 Cut/pierce 249 (89.9%) 170 (62.7%) 419 (76.5%) 
 Firearm 25 (9.0%) 98 (36.2%) 123 (22.4%) 
 Natural/environmental,  3 (1.1%) 3 (1.1%) 6 (1.1%)
 bites and stings

PEJVI: Penetrating External Jugular Vein Injury, PIJVI: Penetrating Internal Jugular Vein Injury, GCS: Glasgow Coma Scale, 
SBP: Systolic Blood Pressure (mmHg), RR: Respiratory Rate (number per minute), PR: Pulse Rate (number per minute), ISS: 
Injury Severity Scale. Continuous variables are presented as median (Q1, Q3) and categorical variables as N (%). Chi-squared 
test was used for categorical and Kruskal–Wallis tests for continuous variables.
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intent of injury was not associated with the risk 
of in-hospital mortality; however, firearm, as a 
mechanism of injury, had a markedly higher risk 
of mortality (OR 7.85 4.10-15.01, p<0.001) than 
the cut/pierce mechanism. Notably, the incidenc-
es of severe trauma (ISS>15) were also signifi-
cantly higher in firearm than in the cut/pierce 
mechanism of injury (Figure 2).

All variables found significant in univariate 
analysis were also considered in the stepwise 
multivariate analysis. SBP (OR 0.99 0.98-1.00, 
p=.043), GCS (OR 0.880.81-0.95, p<.001), ISS 
(OR 1.101.06-1.14, p<.001), and the firearm as a 
mechanism of injury (OR 2.85 1.19-6.79, p=.018) 
were found to be independently associated with 
the risk of in-hospital mortality (Table III).

Discussion

Vascular injuries have always received great 
importance due to the concerns associated with 
mortality, limb viability, and long-term morbid-
ity9,15,18,20. For a considerable period, ligation of 
the injured vessel remained the accepted form 
of treatment; however, the alarming rate of am-
putation that followed vascular injuries in the 
Second World War, Korean War, and Vietnam 
War forced surgeons to dramatically revise the 
surgical approach in favor of vascular repair42. 
Indeed, the vascular repair was hailed as the 
method of choice wherever practicable, and res-
toration of venous outflow was given the highest 
priority in the management of venous injuries. 

Table II. Trauma response, management, and outcome in different PJVIs.

  PEJVI PIJVI Total 
  (N = 277) (N = 271) (N = 548) p-value

Time to EMS Response (min) 7.0 (5.0, 10.0) 6.0 (4.0, 9.5) 7.0 (5.0, 10.0) .049
Time EMS spent at scene (min) 11.0 (7.0, 16.0) 10.0 (6.0, 14.0) 11.0 (7.0, 15.0) .010
Time from dispatch to hospital arrival (min) 33.0 (24.0, 48.0) 29.0 (23.0, 40.0) 31.5 (23.0, 42.5) .003
Angiography (min) 130.0 (31.0, 173.0) 166.0 (57.0, 277.0) 149.5 (44.0, 248.0) .389
Time to hospital procedure (min) 48.0 (34.0, 83.0) 55.0 (40.0, 104.0) 53.0 (38.0, 86.0) .052
LOS (ICU) 3.0 (2.0, 5.0) 3.0 (2.0, 6.0) 3.0 (2.0, 5.0) .503
LOS (Hospital, days) 4.0 (2.0, 8.0) 5.0 (3.0, 9.0) 4.0 (3.0, 9.0) .045
Angiography    .298
  None 85/96 (88.5%) 109/129 (84.5%) 194/225 (86.2%) 
  Angiogram only 10/96 (10.4%) 14/129 (10.9%) 24/225 (10.7%) 
  Angiogram with embolization 1/96 (1.0%) 6/129 (4.7%) 7/225 (3.1%) 
FSHC$    .025
  None 8/97 (8.2%) 27/130 (20.8%) 35/277 (12.6%) 
  Neck Surgery 58/97 (59.8%) 73/130 (56.2%) 131/277 (47.3%) 
  Others 31/97 (32.0%) 30/130 (23.1%) 61/277 (22.0%)
Vascular Surgery    .021
  NOM 163 (58.8%) 184 (67.9%) 347 (63.3%) 
  Occlusion 47 (17.0%) 30 (11.1%) 77 (14.1%) 
  Repair 65 (23.5%) 50 (18.5%) 115 (21.0%) 
  Others 2 (0.7%) 7 (2.6%) 9 (1.6%) 
Approach#    .078
  NOM 163 (58.8%) 184 (67.9%) 347 (63.3%) 
  Open 107 (38.6%) 80 (29.5%) 187 (34.1%) 
  Percutaneous 7 (2.5%) 7 (2.6%) 14 (2.6%) 
Complications    
  Cardiac arrest 8 (2.9%) 17 (6.3%) 25 (4.6%) .058
  Embolism 1 (0.4%) 2 (0.7%) 3 (0.5%) .550
  Intubation 3 (1.1%) 9 (3.3%) 12 (2.2%) .073
  Sepsis 2 (0.7%) 5 (1.8%) 7 (1.3%) .242
  Stroke 2 (0.7%) 8 (3.0%) 10 (1.8%) .051
  Pneumonia 1 (0.4%) 6 (2.2%) 7 (1.3%) .053
  Mortality 9 (3.2%) 36 (13.3%) 45 (8.2%) <.001

$First type of surgery for hemorrhage control within the first 24 h of ED/hospital arrival. PEJVI: Penetrating External Jugular 
Vein Injury, PIJVI: Penetrating Internal Jugular Vein Injury, EMS: Emergency Management Service, LOS: Length of Stay  
(days), ICU: Intensive Care Unit. #The approach is defined as the technique used to reach the site of the procedure (details of 
specific procedures are provided in the Supplementary Information). Continuous variables are presented as median (Q1, Q3) 
and categorical variables as N (%). Chi-squared test was used for continuous and Kruskal-Wallis tests for categorical variables.
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This approach, however, was challenged later. 
Timberlake et al13 in a seminal work on venous 
injuries, suggested that selective management 
based on factors such as injury mechanism, se-

verity, and location, is a better approach43. Even 
today, the rarity of vascular injuries in the neck 
and the paucity of available literature limits our 
understanding of the factors associated with vas-
cular trauma at the neck level. In this respect, 
PJVIs deserve specific attention as there is little 
information available on the trauma mechanism, 
hemodynamic stability, commas status, injury 
severity, and surgical management of PJVI.

JV can be broadly classified into external 
(EJV) and internal (IJV) jugular veins. Anatom-
ically, EJVs are relatively superficial, and thus, 
they are more prone to neck trauma injuries than 
IJVs. On the other hand, injuries to IJVs are gen-
erally, more difficult to control due to the severity 
of the associated hemorrhage, accessibility of the 
site, and potential concomitant injuries. Using the 
NTDB database, the present study examined var-
ious aspects of PJVIs, including vital signs, inju-
ry severity, FSHC, vascular surgery, and in-hos-
pital mortality. Our study revealed that patients 
with PJVIs are more likely to be young men. It is 

Table III. Univariate and multivariate analyses of risk factors for mortality.

                                      Univariate                                    Multivariatel

 Variable OR 95% CI p-value OR 95% CI p-value

Sex (Women) 0.780.34-1.80 .557  
Age (Years) 1.000.98-1.02 .759  
SBP 0.98 0.97-0.99 .001 0.99 0.98-1.00 .043
PR 1.011.00-1.02 .102  
RR 1.01 0.96-1.07 .687  
GCS 0.810.76-0.86 <.001 0.880.81-0.95 .001
ISS 1.131.09-1.17 <.001 1.101.06-1.14 <.001
Intent    
  Unintentional (base) Ref .  
  Self-inflected 0.800.17-3.90 .786  
  Assault 1.74 0.40-7.64 .465  
  Undetermined 5.000.517-14.765 .084  
Mechanism 
  Cut/Pierce Ref . Ref 
  Firearm 7.85 4.10-15.01 <.001 2.85 1.19-6.79 .018

JVI 4.562.15-9.69 <.001 2.23 0.85-5.88 .103
Angiography FSHC$ 0.590.22-1.53 .277  
None Ref   
Neck Surgery 0.880.30-2.57 .813
Others 1.460.47-4.57 .784  
Venous surgery
  NOM Ref   
  Occlusion 0.35 0.11-1.18 .091  
  Repair 0.47 0.19-1.16 .101  

$FSHC: First type of surgery for hemorrhage control within the first 24 h of ED/hospital arrival. PJVI: Penetrating jugular 
vein injury, GCS: Glasgow coma scale, SBP: Systolic blood pressure (mmHg), RR: Respiratory rate (number per minute), PR:  
Pulserate (number per minute), ISS: Injury Severity Scale.

Figure 2. Relative incidences of severe trauma in cut/
pierce and firearm mechanism.
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generally believed that men in their 30s and 40s 
are at a higher risk of penetrating injuries9,44. Our 
study revealed that this assertion is true for both 
types of PJVIs.

Approximately 20% of the patients were co-
matose (GCS<9), with no statistically significant 
difference between the PEJVI and PIJVI. Howev-
er, patients with PIJVI were more likely to have 
severe trauma (ISS>15). The intent of injury was 
also significantly different, and the incidences of 
self-inflicted injuries in PJVI were considerably 
higher in PEJVI. Such a difference is expected as 
the self-inflicted injuries in the neck regions are 
less likely to reach IJV due to their anatomical 
location. With respect to the injury mechanism 
in JVIs, Inaba et al9 reported 75% of the injuries 
were due to stabbing, and the remaining were due 
to gunshot. These results are close to the inci-
dences observed in our study. Indeed, it is gener-
ally believed that the majority of penetrating neck 
injuries involve stab wounds, and the prevalence 
of gunshot injuries is minor. Our results suggest 
that PEJVIs and PIJVI are considerably different 
in terms of trauma mechanisms. The firearms, 
mechanism was responsible for only 10% of 
PEJVIs; however, a significantly higher fraction 
(~35%) of PIJVI involved firearms as the injury 
mechanism.

FSHC was used in more than 55% of patients 
with PJVIs. The frequency of FSHC was not sta-
tistically different between the patients with PI-
JVIs and those with PEJVIs. Angiography with 
embolization was rarely used. The LOS (hospi-
tal) was slightly higher in PIJVI than in PEJVI. 
Note that in the case of an injured EJV, the 
neurological status is rarely of concern in sur-
gical management, and a major blood loss can 
be prevented by applying external pressure45. 
In contrast, the management of IJVs is more 
complex and greatly depends on the patient’s 
hemodynamic stability. In the present study, 
the number of patients with SBP<90 was not 
different between the two groups, and only less 
than 15% of patients had SBP<90. Trauma man-
agement typically involved an open approach, 
suggesting that regardless of the increasing pop-
ularity of endovascular approaches, they are still 
not common in trauma management22,27,28. These 
results also support the fact that those open 
techniques, such as surgical repair or surgical 
ligation remain the standard surgical methods 
for JVI management6,13,46,47.

The in-hospital mortality rate was 13% in 
patients with PIJVI and only 4% in those with 

PEJVI. However, no statistically significant dif-
ference was observed between the patients with 
PEJVI and those with PIJVI regarding other 
in-hospital complications. Note that in approxi-
mately 50% of cases in both groups, the FSHC 
was performed within 24 h. The mortality rate 
was 30% in patients in whom FSHC was per-
formed and 50% when FSHC was not performed. 
However, the logistic regression did not suggest 
any association between the FSHC, or the proce-
dure used for venous surgery (repair/occlusion) 
and in-hospital mortality. Univariate analysis 
showed that the PIJVI has more than 4 times 
higher risk of in-hospital mortality than PEJVI; 
however, after adjusting for confounders such 
as SBP, GCS, injury mechanism, and ISS, no 
statistically significant association was observed 
between the type of PJVI and in-hospital mor-
tality. Only SBP, GCS, ISS, and the mechanism 
of injury had an independent association with 
in-hospital mortality. Lower SBP and GCS and 
higher ISS present an increased risk of in-hospital 
mortality.

The firearm as a trauma mechanism had a sig-
nificantly higher risk of in-hospital mortality than 
the cut/pierce mechanism. This observation is in 
agreement with other studies on penetrating trau-
mas wherein gunshot wounds have been reported 
to inflict more severe injury and lead to poor 
prognosis because of the higher local damage41,48.

The NTDB database has been effectively uti-
lized in a few previous studies to identify surgical 
management patterns and risk factors for morbid-
ity and mortality in blood vessel injuries21-26. This 
study, however, is the first effort to analyze dif-
ferent aspects of PJVI. Since our study involves 
only cases with a single type and a single inci-
dence of blood vessel injury, we did not consider 
the challenges posed by the compounding effects 
of multiple blood vessels.

Therefore, this study has clarified several as-
pects of a PJVI and elucidated potential risk 
factors for in-hospital mortality.  However, the 
limitations of the study must be acknowledged. 
First, there is a lack of data granularity; because 
it is a registry-based study, many aspects of PJVI 
management could not be explored49-54.

Second, retrospective studies have limited 
scope to explain the studied associations. To 
capture the status of PJVI management, this 
study included only the most recent (the year 
2017) year’s data. The inclusion of multiple 
year’s data will help in establishing the histori-
cal trend in the epidemiology and management 
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of PJVI. Furthermore, the injury and surgical 
procedure classifications in the NTDB database 
are based on ICD-10, and NTDB is not a popula-
tion-based dataset33. Lastly, NTDB is a registry 
from the USA, and therefore our results may not 
be directly extrapolated to other countries with 
different trauma management practices and de-
mographics. However, based on these findings, 
it seems prudent to have a lower threshold for 
FSHC as soon as possible and early surgical 
exploration guided by SBP, GCS and ISS, to 
reduce in-hospital mortality.

Conclusions

This study clarified injury severity, injury 
mechanism, vital signs, management, and mor-
tality associated with the PJVI. Trauma mech-
anism and intent were considerably different in 
external and internal PJVIs, whereas the risk of 
in-hospital mortality did not differ significantly. 
The results showed that lower SBP and GCS 
and higher ISS are independent predictors of 
increased risk of in-hospital mortality in PJVIs. 
The risk of in-hospital mortality increased multi-
ple times when the firearm was the mechanism of 
injury. Future studies should focus on validating 
the impact of comma scale, injury severity, and 
trauma mechanisms on the outcome in PJVI 
and on developing a comprehensive management 
protocol for traumatic venous injuries in the neck 
region. 
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