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Fractures of the pelvic ring are a potential source of significant bleeding. Pelvic circumferential 
compression devices (PCCDs) can reduce and immobilize unstable fractures, but their hemostatic effect 
is unproven. Our aim was to assess the current practice of prehospital PCCD application and to identify 
factors available in the field predictive of significant pelvic ring injuries. All interventions (n = 13,435) 
in the Lausanne University Hospital Emergency Medical Service (EMS) were screened for PCCD 
placements from January 2008 to November 2014. Significant pelvic ring injuries (Tile types B or C) 
were considered as potentially benefitting from a PCCD. Data were extracted from the local prehospital 
registry. During the study period, 2366 trauma missions were performed. A PCCD was applied to 
552/2366 (23%) patients. Significant pelvic ring injuries were present in 105/2366 (4.4%). Factors 
associated with the presence of significant pelvic ring injury were increased respiratory rate (OR 1.04), 
prolonged capillary refill time (OR 2.11), increased shock index (OR 3.91), pedestrians hit by a vehicle 
(OR 2.19), and presenting with falls from more than 2 m (OR 1.91). Among patients with a significant 
pelvic ring injury, a PCCD was placed in 79 (75%) and omitted in 26 (25%). One sixth of patients with 
a PCCD had a final diagnosis of significant pelvic ring injury. Further studies are needed to better 
understand which patient-, or accident-related factors are associated with prehospital PCCD omission 
among patients with significant pelvic ring injury.

Trauma associated with pelvic fractures carries a high morbidity and mortality1,2. Disruption of the pelvic ring 
not only acts as a marker for the high amount of kinetic energy absorbed by the body at the time of impact but 
may also cause significant blood loss into the retroperitoneal space from fractured bone surfaces, disruption 
of the pelvic venous plexus, and/or torn branches of the internal iliac arteries3,4. Active arterial bleeding can be 
managed in the hospital either non-surgically with arterial angioembolization5 or surgically with preperitoneal 
pelvic packing6, alone or in combination with arterial angioembolization7,8. While several studies have shown the 
effectiveness of PCCDs in terms of fracture reduction9–11, data on their hemodynamic efficiency are lacking or 
controversial12–14. There have also been concerns for masking the severity15 and for potentially worsening certain 
types of injury by PCCD application11,16.

Fractures that potentially benefit from a PCCD are pelvic ring injuries which are rotationally (Tile type B) 
or vertically (Tile type C) unstable17,18. Readily applicable, PCCDs may be used in the prehospital setting with 
the aim of limiting blood loss from pelvic ring injuries as early as possible19,20. Although this practice is widely 
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accepted and recommended21–24, specific data on prehospital PCCD application have not been available until 
recently13,25,26, and no consensus exists regarding the indications for prehospital PCCD application.

The primary aim of the present study was to assess the current practice in terms of prehospital PCCD applica-
tion in a physician-staffed EMS. Secondary aims were to identify prehospital predictors of significant pelvic ring 
injury and those associated with the application or omission of PCCDs among these patients.

Methods
Design. Retrospective cohort study based on data from the prospectively collected pre-hospital database of 
the Emergency Department of Lausanne University Hospital (CHUV), Switzerland.

Setting. Pre-hospital rescue is performed by physicians with training in emergency medicine intervening 
through either a ground-based emergency resuscitation vehicle or a rescue helicopter (Swiss Air Ambulance 
- Rega). Since 2006, PCCD application has been recommended at Lausanne University Hospital EMS for all 
patients with a potential pelvic injury having sustained a high-energy trauma and/or presenting with hemo-
dynamic instability without an obvious etiology. The commercial PCCDs used in the present series were the 
SAM Pelvic Sling IITM (SAM Medical Products, Oregon, USA) for the ground-based EMS and the T-PODTM 
(Cybertech Medical, California, USA) for the helicopter-based EMS. Mission data were collected by the physician 
in charge of the patient. The collected data included pre-hospital items as well as information on the initial 48-h 
in-hospital period.

Materials. We screened all EMS missions from January 2008 to November 2014. We excluded non-traumatic 
cases, secondary missions (interhospital transfers), and patients dead on scene. We extracted the following data 
from the database: injury mechanism, age and gender of the patient, vital parameters in the field and at hospital 
admission, and field management (including equipment with a PCCD). Capillary refill time is defined in our set-
ting as the time required for skin to return to its original colour after blanching it by finger compression27. A time 
longer than two seconds was considered as prolonged. We defined the shock index (SI)28 as heart rate/systolic 
blood pressure. The prehospital acuity of the case was graded using the NACA (National Advisory Committee 
for Aeronautics) score29, which is attributed by the pre-hospital physician at the end of each rescue mission. The 
available outcomes from the initial 48-h in-hospital period were diagnosis, injury severity scale score (ISS)30, and 
vital status.

For patients with a 48-h diagnosis of pelvic injury or those who received a PCCD in the field, we extracted 
data on the entire hospital stay from the electronic patient record. One of the authors (JS) confirmed the presence 
or absence of a pelvic ring injury through analysis of the medical chart (discharge letter, radiological images 
and reports). We classified each pelvic fracture into one of the 3 main categories (A, B, or C) according to the 
modified Tile AO classification31 by one of the authors (JS). Fractures for which a doubt subsisted were further 
cross-checked by a senior trauma surgeon (OB). We defined significant pelvic ring injuries as Tile B or C pelvic 
fractures, since these potentially benefit from a prehospital PCCD. Tile A fractures and isolated fractures of the 
acetabulum were not considered as potentially benefitting from a PCCD. Presence of a femoral fracture or hip 
dislocation was also registered.

Outcome measures. The primary outcome measure was the performance assessment of current practice 
in terms of prehospital PCCD application. We considered using a PCCD when a Tile type B or C fracture was 
present and not using a PCCD in the absence of these fracture types on final diagnosis as optimal performance. 
Secondary outcomes were identification of factors available in the field predictive of the presence of a significant 
pelvic ring injury and identification of factors associated with the application or omission of PCCD placement in 
patients with an unstable fracture pattern.

Statistical analysis. We first compared patients with Tile B/C fractures to patients without fractures accord-
ing to initial vital signs and trauma characteristics. The statistical significance of the differences was assessed 
using a two-sample t-test for continuous variables and Pearson’s χ2 test for discrete ones. Then, we constructed a 
predictive logistic regression model for Tile B/C fractures based only on prehospital factors. To avoid the issue of 
overfitting, we only included seven variables into our predictive model32. These variables were selected according 
to their clinical relevance. In the final model, we retained three continuous variables: age, respiratory rate at the 
scene, shock index (SI) at the scene; three binary variables: one indicator for male patients, one indicator for cap-
illary refill time of more than 2 seconds at the scene, one indicator for a GCS (Glasgow Coma Scale) lower than 
or equal to 8 at the scene; and one categorical variable: trauma characteristics (4 wheels, 2 wheels, pedestrian hit, 
fall> 2 meters, other). The GCS variable was dichotomized to reduce the number of parameters in the model. 
The goodness-of-fit of the model was evaluated according to the Hosmer-Lemeshow test and a residuals anal-
ysis, both concluding of a satisfactory fit. Nagelkerke’s33 pseudo-R2 of our regression model was 0.144. We used 
fractional polynomial methods to search for better specifications than the linear one and found no improvement 
when using smoother specifications. The issue of missing values was tackled using sequential imputations based 
on chained equations34. Finally, among patients suffering a Tile B/C fracture, we analyzed prehospital factors 
associated with PCCD application and contrasted PCCD with no-PCCD patients according to the treatment they 
received, their evolution, and outcomes. Here also, statistical significance was tested using either a 2-sample t-test 
or Pearson’s χ2 test. All statistical analyses were conducted using Stata version 14.2 (College Station, Texas, USA).

Research Ethics. The study was approved by the Human Research Ethics Committee of the Canton of Vaud 
(CER-VD; protocol number 118/15). The need for informed consent was waived and all methods were performed 
according to the relevant guidelines and regulations. The manuscript was structured according to the STROBE 
guidelines for reporting observational studies35.
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Ethical approval. This study was approved by the Human Research Ethics Committee (CER-VD; protocol 
number 118/15). The need for informed consent was waived and all methods were performed according to the 
relevant guidelines and regulations.

Results
Among the 13,435 missions that occurred during the study period, 2366 patients met the inclusion criteria. 
PCCDs were applied in the prehospital setting to 552 (23%) patients. A significant (Tile B or C) pelvic ring injury 
was identified in 105 (4.4%) patients (Fig. 1).

Out of the 552 patients on which a PCCD was applied in the field, 79 (14%) had a significant pelvic ring injury. 
Among the 473 (86%) patients without significant pelvic ring injury but having a PCCD applied in the field, 179 
(38%) suffered from another pelvic or femoral fracture or dislocation (Table 1). A PCCD was not placed in 26 out 
of the 105 patients (25%) with significant pelvic ring injuries. The characteristics of the study population, overall 
and with regard to the presence or absence of significant pelvic ring injury, are summarized in Table 2.

The results of logistic regression showed that respiratory rate, increased SI, prolonged capillary refill time, 
pedestrians hit by a vehicle, GCS ≤ 8, and falls from more than 2 m were all variables positively correlated with 
significant pelvic ring injury (Table 3). All effects were statistically significant except for GCS ≤ 8 (p = 0.42).

When the analysis was restricted to patients having a significant pelvic ring injury, lower pain levels, low 
NACA scores (<4), or patients who were hit as pedestrians were more likely not to be equipped with a PCCD 
(Table 4). Field interventions, evolution, as well as hospital treatments and outcomes of the 105 patients with 
significant pelvic fractures are presented in Table 5.

Figure 1. Flow diagram of the study patients. PCCD: Pelvic Circumferential Compression Device; B/C: Tile type B/
Tile type C.

Total n = 2366
PCCD placedc 
n = 552 (23)

Significant pelvic fracture, n (%) 105 79 (75)

    Tile B1 20 17 (85)

    Tile B2 58 40 (69)

    Tile B3 4 3 (75)

    Tile C 23 19 (83)

No significant pelvic fracture, n (%) 2261 473 (21)

Proximity injuries, n (%) 338 179 (53)

    Femoral fracture 218a 103 (47)

    Tile A fracture 65 39 (60)

    Acetabular fracture 34 25 (74)

    Hip dislocation 21b 12 (57)

Table 1. Pelvic circumferential compression device (PCCD) placement according to the type of pelvic and 
femoral trauma. aAmong these, 25 also had a significant pelvic fracture, 23 of the latter having a PCCD placed. 
bAmong these, 2 also had a significant pelvic fracture, both having a PCCD placed. cFor patients with a PCCD 
placed in the field, the time between arrival of the EMS physician and hospital arrival was of 36 ± 16 minutes.
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Discussion
To our knowledge, this is the largest study assessing prehospital PCCD application. PCCDs were applied in the 
field to 23% of all trauma patients managed by EMS physicians. A significant pelvic ring injury was present in one 
out of six patients equipped with a PCCD. On the other hand, one out of four patients with a final diagnosis of a 
significant pelvic ring injury had no PCCD applied.

Several studies have specifically addressed prehospital PCCD application13,25,26,36. The majority of data avail-
able from the literature originate from in-hospital studies which show a favorable effect of PCCDs for fracture 
stabilization10,37–42, whereas only a few studies suggest a benefit in terms of hemodynamics, bleeding, or mor-
tality43–45. In Tile type A fractures, the pelvic ring is intact, and a PCCD has no potential therapeutic impact. 
Hospital data suggest that PCCDs seem to be most efficient for Tile type B1 (open book) and C fractures, with a 
less obvious benefit for Tile type B2 fractures (lateral compression)37. Type B2 fractures were present in 40 (7%) of 
our patients with a PCCD. Other studies also recommend PCCD application for B2 fractures, as it did not result 
in complications or a significant over-reduction of such fractures37,38. Despite this controversy, prehospital PCCD 
application is now widely recommended in case of a suspected pelvic injury21.

Reliable clinical identification of the specific type of injury to the pelvic region in the field is difficult. A recent 
study has shown a sensitivity of 45% and a specificity of 93% for the prehospital clinical exam by an emergency 
physician for the diagnosis of a pelvic ring injury25. In the present series however, there were more patients 
(n = 179) with a diagnosis of either a Tile A or acetabular fracture, a femur fracture, or a hip dislocation than 
patients with a significant pelvic ring injury (n = 79) among the 552 with a PCCD applied in the field. Some 
authors have raised concerns about the liberal use PCCD in the prehospital setting for fear of exacerbating dis-
location of other injuries, such as fractures of the acetabulum, proximal femur and iliac wing, thereby causing 
additional injury and pain16. With this assumption in mind, a more specific application policy may be benefi-
cial for the patient. Although subject to documentation bias, we have not observed any complications (pressure 
ulcers, over-reduction of other injuries or increased pain) among patients with a PCCD placed in the absence of 
a significant pelvic fracture.

The rate of prehospital PCCD application for Tile B (73%) and Tile C (83%) fractures in our study was higher 
than those described by two recent studies from the Netherlands46 (Tile B: 15%; Tile C: 19%) and from Germany13 
(Tile B/C combined: 58%). This difference may be explained by the indication for prehospital PCCD application. 
In the present study period, PCCD use in the field was recommended in the presence of a potential pelvic injury 
with a high-energy mechanism and/or hemodynamic instability without an obvious cause. However, despite 

Total 
n = 2366

Tile B/C fracture 
n = 105

No Tile B/C 
fracture n = 2261 P value

Patient characteristics

Age, mean (SD) 47 (21) 44 (19) 47 (21) 0.15

Male, n (%) 1586 (67) 67 (64) 1519 (67) 0.47

NRSb scale, mean (SD) (n = 1519) 5.4 (3.4) 6.8 (2.6) 5.3 (3.4) 0.0007

NACAd score, n (%) 3.7 (0.95) 4.4 (0.77) 3.7 (0.94) <0.0001

    <4 1070 (45.2) 11 (10.5) 1059 (46.8) <0.0001

    4 833 (35.2) 48 (45.7) 785 (34.7) 0.02

    5 389 (16.5) 39 (37.1) 350 (15.5) <0.0001

    6 74 (3.1) 7 (6.7) 67 (3.0) 0.033

Initial vital signs

Respiratory rate, min−1 (SD) (n = 2274) 18 (6) 20 (8) 18 (6) 0.0001

SpO2, % (SD) (n = 2017) 96 (6) 94 (11) 96 (6) 0.005

Heart rate, min−1 (SD) (n = 2226) 86 (21) 93(23) 86 (21) 0.002

Systolic blood pressure, mmHg (SD) 
(n = 2142) 118 (31) 104 (27) 119 (31) <0.0001

Shock index, mean (SD) (n = 2066) 0.78 (0.27) 0.95 (0.38) 0.77 (0.26) <0.0001

Shock index>1, n (%) (n = 2066) 293 (14.2) 30 (33.7) 263 (13.3) <0.0001

Capillary refill time>2 sec (n = 2310), n (%) 216 (9.4) 27 (25.7) 189 (8.6) <0.0001

GCSa, mean (SD) (n = 2360) 13 (3) 12 (4) 13 (3) 0.003

Trauma characteristics

ISSc, mean (SD) (n = 2353) 10 (11) 22 (14) 9 (10) <0.0001

Trauma type

    4 wheels, n (%) 367 (15.6) 23 (23.7) 344 (15.2) 0.02

    2 wheels, n (%) 295 (12.5) 14 (14.4) 281 (12.4) 0.56

    Pedestrian hit, n (%) 91 (3.9) 12 (12.4) 79 (3.5) <0.0001

    Fall>2 meters, n (%) 315 (13.4) 30 (30.9) 285 (12.6) <0.0001

    Other, n (%) 1287 (54.6) 18 (18.6) 1269 (56.2) <0.0001

Table 2. Patient and trauma characteristics according to pelvic ring fracture status. aGlasgow Coma Scale. 
bNumeric Rating Scale, only evaluated for patients with GCS > 13 (n = 1519). cInjury Severity Scale. dNational 
Advisory Committee for Aeronautics.
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these liberal application criteria, one out of four patients with a definitive diagnosis of Tile B or C pelvic ring 
fracture had no prehospital PCCD applied. This rate of significant pelvic ring injury in patients without PCCDs 
applied may be too high, given the potential benefit, the relatively low cost21 and low reported complication rates9 
of PCCD application. One reason for those “missed” injuries may be non-adherence to the local protocol itself, 
which seems unlikely given the specific setting (university teaching hospital with uniform introduction courses, 
regular supervision and debriefings). Another reason may be poor identification of situations at risk or popula-
tion subtypes at higher risk of under-triage (e.g. the elderly). Finally, this may also reflect the limited sensitivity 
of the protocol itself in the detection of significant pelvic ring injury in the field. Our rate of patients with signifi-
cant fractures and no binder placed is similar to the 31% described in a recent study36 in a setting with also a low 
threshold for PCCD application in the field. Our higher rate of PCCD application for patients with pelvic ring 

OR 95% CI P value

Patient characteristics

Age 0.998 0.987–1.009 0.67

Male sex 0.740 0.477–1.148 0.18

Initial vital signs

Respiratory rate 1.036 1.007–1.066 0.01

Shock indexa 3.912 1.994–7.674 <0.001

Capillary refill time>2 sec 2.109 1.216–3.658 0.01

GCSb ≤8 1.260 0.714–2.225 0.42

Trauma characteristics

4 wheels ref. ref. ref.

2 wheels 0.845 0.418–1.709 0.64

Pedestrian hit 2.192 0.998–4.814 0.04

Fall>2 meters 1.913 1.047–3.497 0.04

Other 0.247 0.128–0.477 <0.001

Table 3. Multivariable analyses of the factors associated with Tile type B or C fractures. aShock index = Heart 
Rate/Systolic Blood Pressure. bGlasgow Coma Scale.

Total n = 105 PCCD n = 79 No PCCD n = 26 P value

Patients characteristics

Age, years 44 (18.7) 43 (18) 47 (21) 0.40

Male, n (%) 67 (64) 51 (65) 16 (62) 0.79

NRSb scale, mean (SD) (n = 61) 6.8 (2.6) 7.2 (2.3) 5.6 (3.1) 0.03

NACAc score, n (%) 4.4 (0.77) 4.5 (0.68) 4.1 (0.95) 0.03

    <4 11 (11) 4 (5.1) 7 (27) 0.002

    4 48 (46) 36 (46) 12 (46) 0.96

    5 39 (37) 35 (44) 4 (15) 0.01

    6 7 (6.7) 4 (5.1) 3 (12) 0.25

Initial vital signs

Respiratory rate, min−1 (SD) (n = 102) 20 (8) 21 (8.8) 20 (4.8) 0.57

SpO2, % (SD) (n = 88) 94 (11) 94 (13) 96 (6) 0.47

Heart rate, min−1 (SD) (n = 99) 93 (23) 93 (24) 92 (20) 0.89

Systolic blood pressure, mmHg (SD) (n = 93) 104 (27) 104 (27) 106 (25) 0.81

Shock Index, mean (SD) (n = 89) 0.9 (0.4) 1 (0.4) 0.9 (0.3) 0.77

Shock index>1 (n = 89), n (%) 30 (34) 22 (34) 8 (32) 0.83

Capillary refill time>2 sec, n (%) 27 (26) 24 (30) 3 (12) 0.06

GCSa, mean (SD) 12 (4.3) 12 (4.4) 13 (4) 0.49

Trauma characteristics n = 97 n = 71 n = 26

    4 wheels, n (%) 23 (22) 18 (23) 5 (19) 0.53

    2 wheels, n (%) 14 (13) 13 (17) 1 (3.8) 0.07

    Pedestrian hit, n (%) 12 (11) 4 (5.1) 8 (31) 0.001

    Fall>2 m, n (%) 30 (29) 26 (33) 4 (15) 0.045

    Other, n (%) 18 (17) 10 (13) 8 (31) 0.06

Table 4. Analysis of prehospital factors associated with pelvic circumferential compression device (PCCD) 
omission in cases of Tile type B or C pelvic ring fracture. aGlasgow Coma Scale. bNumeric Rating Scale, only 
evaluated for patients with GCS > 13 (n = 61). cNational Advisory Committee for Aeronautics.
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injury comes with the cost of a higher overtriage rate, as only 14% of patients with PCCDs placed in the field in 
our study had a significant pelvic fracture, compared to 40% in the study by Yong et al.36, and 36% in the study by 
McCreary et al.26.

In the present series, patients exhibiting signs of shock (increased respiratory rate, capillary refill time>2 sec-
onds, increased SI) were at risk for a significant fracture. As these parameters are indeed well known for their 
ability to predict severe injury in trauma patients, their sensitivity remains, however, poor47. Another risk factor 
for significant pelvic fracture was the type of trauma. A patient hit by a vehicle or sustaining a fall >2 meters had 
odds of a Tile B/C fracture 2.19 and 1.91 times larger, respectively, than those of a patient who had a car accident. 
The mechanism of a pedestrian being hit by a vehicle may be especially relevant, as it was also significantly associ-
ated with the fact that a PCCD was not placed on a patient who was later diagnosed with a significant pelvic ring 
injury. In addition to sensitizing prehospital personnel to the potential benefits of PCCD application, inclusion of 
these parameters in prehospital PCCD application may help to better identify patients at risk and to maintain this 
“under-triage” at the lowest possible rate.

Although no significant difference in mortality was observed, patients with PCCDs placed in the field had a 
longer ICU and total hospital length of stay compared to patients without PCCDs in our study. This most likely 
reflects the higher degree of injury severity and physiological instability in the first patient group, as patients with 
PCCDs placed in the field had higher heart rates, oxygen and fluid requirements, as well as higher ISS and NACA 
scores. However, these results may also reflect the absence of any benefit or even harm from the application of 
PCCDs. Further studies focusing on potentially detrimental effects of pelvic binders are needed.

The present work has obvious limitations inherent in its retrospective nature. Data accuracy is subject to doc-
umentation errors in the registry and patient record. Transfusion requirements and in-hospital duration of PCCD 
application were not available. The interobserver reliability of the Tile classification system has been previously 
described as low and insufficient for research purposes48. In a previous paper – using a different set of observers 
- on a cohort with all pelvic ring injuries admitted to our hospital, we obtained a different distribution of fracture 
types49. Although the present study included only patients treated in a physician-staffed prehospital setting, the 
interobserver variability may influence our results and limit their value.

Total 
n = 105

PCCD 
n = 79

No PCCD 
n = 26 P value

Pre-hospital management

Cervical collar use (n = 94), n (%) 89 (95) 69 (98) 20 (83) 0.004

Full spinal immobilization (n = 97), n (%) 95 (98) 71 (100) 24 (92) 0.02

Oxygen administration, n (%) 98 (93) 78 (99) 20 (77) <0.0001

Advanced airways, n (%) 18 (17) 15 (19) 3 (12) 0.38

Peripheral venous access, n (%) 99 (94) 75 (95) 24 (92) 0.62

Intraosseous access, n (%) 2 (1.9) 2 (2.5) 0 (0) 0.41

Intravenous infusion>500 mL, n (%) 41 (39) 38 (48) 3 (12) 0.001

Fentanyl administration, n (%) 60 (57) 46 (58) 14 (54) 0.70

Ketamine administration, n (%) 24 (23) 22 (28) 2 (7.7) 0.03

Vasopressors administrationa, n (%) 22 (21) 18 (23) 4 (15) 0.42

First vital parameters at hospital admission

Respiratory rate, min−1 (SD) (n = 91) 18 (5.7) 19 (10) 18 (5.7) 0.67

Heart rate, min−1 (SD) (n = 96) 94 (28) 97 (26) 83 (30) 0.03

SpO2, % (SD) (n = 87) 95 (9) 95 (10) 98 (3) 0.15

Systolic blood pressure, mmHg (SD) (n = 77) 75 (17) 74 (14) 80 (24) 0.18

Shock Index, mean (SD) (n = 77) 1.3 (0.4) 1.3 (0.4) 1.1 (0.4) 0.07

GCSb, mean (SD) (n = 97) 11 (5) 11 (5) 12 (4) 0.23

NACAc score, mean (SD) 4.4 (0.8) 4.5 (0.7) 4.1 (1) 0.03

Hospital management

Emergent hospital intervention <24 h 46 (44) 39 (49) 7 (27) 0.045

    External/internal fixation, n (%) 40 (38) 35 (44) 5 (19) 0.02

    Angio-embolization, n (%) 4 (4) 2 (2.5) 2 (8) 0.23

    Preperitoneal packing, n (%) 2 (2) 2 (2.5) 0 (0) 0.41

Outcomes

ISSd, mean (SD) (n = 102) 22 (14) 24 (13) 17 (17) 0.06

48-h mortality, n (%) (n = 97) 20 (21) 15 (21) 5 (19) 0.84

ICUe length of stay, days (SD) (n = 96) 2.5 (5.2) 3.2 (5.9) 0.7 (1.6) 0.03

Hospital length of stay, days (SD) (n = 96) 16 (19) 19 (21) 9 (7) 0.02

Table 5. Treatment, evolution, and outcomes of the 105 patients with Tile type B or C pelvic ring fractures 
and association with pelvic circumferential compression device prehospital placement (PCCD). aEphedrine 
(n = 15); epinephrine (n = 7); phenylephrine (n = 3). bGlasgow Coma Scale. cNational Advisory Committee for 
Aeronautics. dInjury Severity Scale. eIntensive Care Unit.
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The potential effect of PCCDs is probably most important for Tile B1 and C fractures37, and their efficiency 
for Tile B2 fractures is debatable38. We have included Tile B2 fractures in the types with a potential benefit, since 
it was shown that B1 fractures may radiologically appear as B2 fractures after PCCD application15. It would have 
been helpful to identify factors associated with the omission of PCCD placement for patients with significant frac-
ture patterns in a multivariable setting. However, the sample size for this group of patients was too small to draw 
reliable conclusions based on logistic regression. We studied a specific setting (physician-staffed) and selected 
patients. External validity is therefore limited. Finally, even though PCCDs are considered to be cost-effective by 
some21, costs may be an important issue in low-income settings.

conclusions
In this large prehospital study, one out of six patients with a prehospital PCCD had a final diagnosis of a signif-
icant pelvic ring injury, whereas one out of four patients with a final diagnosis of a significant pelvic ring injury 
had no PCCD applied in the field. Further studies allowing for a better identification of patient-, physician- or 
accident-related factors associated with prehospital PCCD omission would be helpful to improve PCCD place-
ment in the prehospital setting.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 18 June 2019; Accepted: 6 March 2020;
Published: xx xx xxxx

References
 1. White, C. E., Hsu, J. R. & Holcomb, J. B. Haemodynamically unstable pelvic fractures. Injury 40, 1023–1030 (2009).
 2. Vaidya, R. et al. Patients with pelvic fractures from blunt trauma. What is the cause of mortality and when? Am J Surg 211, 495–500 

(2016).
 3. Giannoudis, P. V. et al. Prevalence of pelvic fractures, associated injuries, and mortality: the United Kingdom perspective. J Trauma 

63, 875–883 (2007).
 4. Balogh, Z. et al. The epidemiology of pelvic ring fractures: a population-based study. J. Trauma. 63, 1066–1073; discussion 

1072–1063 (2007).
 5. Karadimas, E. J. et al. Angiographic embolisation of pelvic ring injuries. Treatment algorithm and review of the literature. Int Orthop 

35, 1381–1390 (2011).
 6. Burlew, C. C. et al. Preperitoneal pelvic packing reduces mortality in patients with life-threatening hemorrhage due to unstable 

pelvic fractures. J Trauma Acute Care Surg 82, 233–242 (2017).
 7. Lustenberger, T., Wutzler, S., Störmann, P., Laurer, H. & Marzi, I. The role of angio-embolization in the acute treatment concept of 

severe pelvic ring injuries. Injury 46, S33–S38 (2015).
 8. Suzuki, T., Smith, W. R. & Moore, E. E. Pelvic packing or angiography: competitive or complementary? Injury 40, 343–353 (2009).
 9. Spanjersberg, W. R. et al. Effectiveness and complications of pelvic circumferential compression devices in patients with unstable 

pelvic fractures: a systematic review of literature. Injury 40, 1031–1035 (2009).
 10. Prasarn, M. L. et al. Comparison of external fixation versus the trauma pelvic orthotic device on unstable pelvic injuries: a cadaveric 

study of stability. J Trauma Acute Care Surg 72, 1671–1675 (2012).
 11. Toth, L., King, K. L., McGrath, B. & Balogh, Z. J. Efficacy and safety of emergency non-invasive pelvic ring stabilisation. Injury 43, 

1330–1334 (2012).
 12. Bakhshayesh, P., Boutefnouchet, T. & Totterman, A. Effectiveness of non invasive external pelvic compression: a systematic review 

of the literature. Scand J Trauma Resuscitation Emerg Med 24, 73 (2016).
 13. Schweigkofler, U. et al. Is there any benefit in the pre-hospital application of pelvic binders in patients with suspected pelvic injuries? 

European journal of trauma and emergency surgery: official publication of the European Trauma Society (2019).
 14. Fu, C. Y. et al. Pelvic circumferential compression devices benefit patients with pelvic fractures who need transfers. Am J Emerg Med 

31, 1432–1436 (2013).
 15. Swartz, J., Vaidya, R., Hudson, I., Oliphant, B. & Tonnos, F. Effect of Pelvic Binder Placement on OTA Classification of Pelvic Ring 

Injuries Using Computed Tomography. Does It Mask the Injury? J Orthop Trauma 30, 325–330 (2016).
 16. Wang, E. et al. Liberal Use of Pelvic Binders in the Pre-Hospital and Emergency Room Setting may be Harmful. J Am Coll Surg 223, 

e200 (2016).
 17. Pennal, G. F., Tile, M., Waddell, J. P. & Garside, H. Pelvic disruption: assessment and classification. Clinical Orthopaedics and Related 

Research, 12–21 (1980).
 18. Tile, M. & Pennal, G. F. Pelvic disruption: principles of management. Clinical Orthopaedics and Related Research, 56–64 (1980).
 19. Lee, C. & Porter, K. The prehospital management of pelvic fractures. Emerg Med Journal: EMJ 24, 130–133 (2007).
 20. Simpson, T., Krieg, J. C., Heuer, F. & Bottlang, M. Stabilization of pelvic ring disruptions with a circumferential sheet. J Trauma 52, 

158–161 (2002).
 21. Coccolini, F. et al. Pelvic trauma: WSES classification and guidelines. World J Emerg Surgery: WJES 12, 5 (2017).
 22. Magnone, S. et al. Management of hemodynamically unstable pelvic trauma: results of the first Italian consensus conference 

(cooperative guidelines of the Italian Society of Surgery, the Italian Association of Hospital Surgeons, the Multi-specialist Italian 
Society of Young Surgeons, the Italian Society of Emergency Surgery and Trauma, the Italian Society of Anesthesia, Analgesia, 
Resuscitation and Intensive Care, the Italian Society of Orthopaedics and Traumatology, the Italian Society of Emergency Medicine, 
the Italian Society of Medical Radiology -Section of Vascular and Interventional Radiology- and the World Society of Emergency 
Surgery). World J Emerg Surgery: WJES 9, 18 (2014).

 23. American College of Surgeons. ATLS: Advanced Trauma Life Support Program for Doctors (Student Course Manual). 9th ed., 
(American College of Surgeons, 2012).

 24. Kortbeek, J. B. et al. Advanced trauma life support, 8th edition, the evidence for change. J Trauma. 64, 1638–1650 (2008).
 25. van Leent, E. A. P., van Wageningen, B., Sir, O., Hermans, E. & Biert, J. Clinical Examination of the Pelvic Ring in the Prehospital 

Phase. Air Med J 38, 294–297 (2019).
 26. McCreary, D. et al. Haemodynamics as a determinant of need for pre-hospital application of a pelvic circumferential compression 

device in adult trauma patients. Injury (2019).
 27. Toll John, R., Henricson, J., Anderson, C. D. & Bjork Wilhelms, D. Man versus machine: comparison of naked-eye estimation and 

quantified capillary refill. Emerg Med Journal: EMJ 36, 465–471 (2019).

https://doi.org/10.1038/s41598-020-62027-6


8Scientific RepoRtS |         (2020) 10:5106  | https://doi.org/10.1038/s41598-020-62027-6

www.nature.com/scientificreportswww.nature.com/scientificreports/

 28. Mutschler, M. et al. The Shock Index revisited - a fast guide to transfusion requirement? A retrospective analysis on 21,853 patients 
derived from the TraumaRegister DGU(R). Critical Care 17 (2013).

 29. Weiss, M., Bernoulli, L. & Zollinger, A. The NACA scale. Construct and predictive validity of the NACA scale for prehospital 
severity rating in trauma patients. Anaesthesist 50, 150–154 (2001).

 30. Civil, I. D. & Schwab, C. W. The Abbreviated Injury Scale, 1985 revision: a condensed chart for clinical use. J Trauma. 28, 87–90 
(1988).

 31. Tile, M. Acute Pelvic Fractures: I. Causation and Classification. J Am Acad Orthop Surg 4, 143–151 (1996).
 32. Peduzzi, P., Concato, J., Kemper, E., Holford, T. R. & Feinstein, A. R. A simulation study of the number of events per variable in 

logistic regression analysis. J Clin Epidemiol 49, 1373–1379 (1996).
 33. Nagelkerke, N. J. D. A Note on a General Definition of the Coefficient of Determination. Biometrika 78, 691–692 (1991).
 34. White, I. R., Royston, P. & Wood, A. M. Multiple imputation using chained equations: Issues and guidance for practice. Stat Med 30 

(2011).
 35. Vandenbroucke, J. P. et al. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): explanation and 

elaboration. Int J Surg 12, 1500–1524 (2014).
 36. Yong, E., Vasireddy, A., Pavitt, A., Davies, G. E. & Lockey, D. J. Pre-hospital pelvic girdle injury: Improving diagnostic accuracy in a 

physician-led trauma service. Injury 47, 383–388 (2016).
 37. Krieg, J. C. et al. Emergent stabilization of pelvic ring injuries by controlled circumferential compression: a clinical trial. J Trauma. 

59, 659–664 (2005).
 38. Bottlang, M., Krieg, J. C., Mohr, M., Simpson, T. S. & Madey, S. M. Emergent management of pelvic ring fractures with use of 

circumferential compression. J Bone Jt Surg Am 84(A Suppl 2), 43–47 (2002).
 39. DeAngelis, N. A. et al. Use of the trauma pelvic orthotic device (T-POD) for provisional stabilisation of anterior-posterior 

compression type pelvic fractures: a cadaveric study. Injury 39, 903–906 (2008).
 40. Qureshi, A., McGee, A., Cooper, J. P. & Porter, K. M. Reduction of the posterior pelvic ring by non-invasive stabilisation: a report of 

two cases. Emerg Med journal: EMJ 22, 885–886 (2005).
 41. Vermeulen, B., Peter, R., Hoffmeyer, P. & Unger, P. F. Prehospital stabilization of pelvic dislocations: a new strap belt to provide 

temporary hemodynamic stabilization. Swiss Surg 5, 43–46 (1999).
 42. Bottlang, M. et al. Noninvasive reduction of open-book pelvic fractures by circumferential compression. J Orthop Trauma 16, 

367–373 (2002).
 43. Tan, E. C., van Stigt, S. F. & van Vugt, A. B. Effect of a new pelvic stabilizer (T-POD(R)) on reduction of pelvic volume and 

haemodynamic stability in unstable pelvic fractures. Injury 41, 1239–1243 (2010).
 44. Nunn, T., Cosker, T. D., Bose, D. & Pallister, I. Immediate application of improvised pelvic binder as first step in extended 

resuscitation from life-threatening hypovolaemic shock in conscious patients with unstable pelvic injuries. Injury 38, 125–128 
(2007).

 45. Croce, M. A., Magnotti, L. J., Savage, S. A., Wood, G. W., 2nd & Fabian, T. C. Emergent pelvic fixation in patients with exsanguinating 
pelvic fractureo. Journal of the American College of Surgeons 204, 935-939; discussion 940–932 (2007).

 46. Hermans, E., Biert, J. & Edwards, M. J. R. Epidemiology of Pelvic Ring Fractures in a Level 1 Trauma Center in the Netherlands. Hip 
Pelvis 29, 253–261 (2017).

 47. Long, B. & April, M. D. What Physiologic Parameters Are Indicative of Severe Injury in Trauma? Ann Emerg Med 73, 76–78 (2019).
 48. Gabbe, B. J. et al. The imaging and classification of severe pelvic ring fractures: Experiences from two level 1 trauma centres. Bone Jt 

J 95-B, 1396–1401 (2013).
 49. Agri, F. et al. Association of pelvic fracture patterns, pelvic binder use and arterial angio-embolization with transfusion requirements 

and mortality rates; a 7-year retrospective cohort study. BMC Surg 17, 104 (2017).

Author contributions
T.Z., M.P., J.S., P.N.C., F.D. and O.B. contributed to the literature review and study design. J.S., F.D., R.A., V.D., 
L.M. and M.P. collected the data. T.Z., R.P.R., P.T., O.B. and M.P. analyzed and interpreted the data. T.Z., R.P.R., J.S. 
and M.P. wrote the manuscript. All authors performed critical revision and editing and have read and approved 
the final manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.Z.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-62027-6
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prehospital use of pelvic circumferential compression devices in a physician-based emergency medical service: A 6-year retr ...
	Methods
	Design. 
	Setting. 
	Materials. 
	Outcome measures. 
	Statistical analysis. 
	Research Ethics. 
	Ethical approval. 

	Results
	Discussion
	Conclusions
	Figure 1 Flow diagram of the study patients.
	Table 1 Pelvic circumferential compression device (PCCD) placement according to the type of pelvic and femoral trauma.
	Table 2 Patient and trauma characteristics according to pelvic ring fracture status.
	Table 3 Multivariable analyses of the factors associated with Tile type B or C fractures.
	Table 4 Analysis of prehospital factors associated with pelvic circumferential compression device (PCCD) omission in cases of Tile type B or C pelvic ring fracture.
	Table 5 Treatment, evolution, and outcomes of the 105 patients with Tile type B or C pelvic ring fractures and association with pelvic circumferential compression device prehospital placement (PCCD).




