Received: 12 April 2024

Accepted: 12 July 2024

DOI: 10.1002/ams2.983

ORIGINAL ARTICLE

ACUTE MEDICINE

& SURGERY WILEY

Effectiveness of pelvic circumferential compression device for
lower body trauma: Insights from a Japan Trauma Data Bank

retrospective study

Shohei Ono"?

'Department of Anesthesiology and Critical
Care Medicine, Jichi Medical University,
Saitama Medical Center, Saitama, Saitama,
Japan

*Department of Emergency and Intensive
Care Medicine, Tokyo Metropolitan Tama
Medical Center, Fuchu, Tokyo, Japan

*Teikyo University Graduate School of Public
Health, Itabashi-ku, Tokyo, Japan

Correspondence
Shohei Ono, Jichi Medical University, Saitama

Medical Center, 1-847 Amanuma-cho, Omiya-

ku, Saitama, Saitama 330-8503, Japan.
Email: airness.of. mj@gmail.com

INTRODUCTION

| Satoshi Miyata® | Hiroaki Suzuki’® | Keiki Shimizu®

Abstract

Aim: Pelvic ring fractures (PRFs) due to high-energy trauma often result in severe
bleeding and high mortality. Pelvic circumferential compression devices (PCCD) are
widely used to stabilize PRF and decrease bleeding. However, evidence supporting
their effectiveness is still inconclusive.

Methods: We conducted an observational study using the Japan Trauma Data Bank
(JTDB) from 2019 to 2021. Patients with blunt lower body trauma aged 15years or
older were included. We used propensity score matching (PSM) and inverse prob-
ability of treatment weighting (IPTW) to evaluate the association of PCCD and
mortality.

Results: Of the 74,393 patients in the database, 235 PCCD group and 23,429 con-
trol group were analyzed. After PSM, 231 patients in both groups were enrolled.
Crude analysis indicated significantly higher in-hospital mortality in the PCCD
group (odds ratio (OR)=3.8 [95% CI=2.51-5.75]). However, PSM and IPTW analy-
sis indicated that PCCD was associated with decreased in-hospital mortality (PSM:
OR=0.79 [0.43-1.42]; IPTW: OR=0.73 [0.62-0.86]). In a subgroup analysis of the
IPTW analysis, PCCD fitting resulted in increased in-hospital mortality in the group
without PRF (OR=2.08 [1.91-2.27]), a decrease in stable PRF (OR=0.74 [0.6-0.91]),
and a further decrease in unstable PRF (OR=0.18 [0.12-0.27]). Additional factors,
such as a fall from a height, a fall downstairs, and pre-hospital PCCD placement also
influenced the treatment effect.

Conclusion: The present, large, registry-based study found that PCCD reduced mor-
tality in patients with a lower body injury, especially those with an unstable PRF.
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Pelvic ring fractures (PRF), caused by high-energy trauma,
such as a fall from a height or a motor vehicle accident, often
involve hemodynamic instability due to pelvic artery bleed-
ing and are associated with a high mortality."™® In recent
years, the mortality among patients with PRF has decreased
partly due to the increased use of pelvic circumferential

compression devices (PCCD).” The PCCD are easier, faster,
and noninvasive devices compared to the conventional pel-
vic clamp.®™* PCCD were found to be effective in stabilizing
the pelvic ring and reducing the pelvic volume in experi-
mental studies using cadavers.!" ™"

A large, observational study demonstrated clinical ev-
idence of a reduction in transfusion volume and length of
hospital stay.!* Similarly, several, observational studies
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have demonstrated a reduction in the transfusion require-
ment,">™" pelvic volume,'® and length of hospital stay'*™'
while other observational studies found no improvement in
these endpoints.'®" Nonetheless, because the PCCD are able
to control bleeding effectively, many guidelines recommend
its early placement despite the low quality of supporting
evidence.”"

However, there are serious problems with these studies.
First, many of the studies either did not assess or improve
the mortality."*'®'>?* Thus, the EAST guideline®' stated that
PCCD would limit pelvic bleeding but could not reduce the
mortality (level III recommendation). Second, the popula-
tion of previous studies were often with an unstable PRF,
which could not be diagnosed often in the prehospital set-
ting.> We therefore evaluated whether PCCD placement im-
proved mortality in a demographically more diverse patient
population with PRF registered in a large database.

METHODS
Design and setting

The present, retrospective, observational study was con-
ducted using the Japan Trauma Data Bank (JTDB), a large
registry established in 2003 by the Japanese Association for
The Surgery of Trauma (JAST) and the Japanese Association
for Acute Medicine (JAAM) to improve and ensure the qual-
ity of trauma care in Japan. In 2023, 303 hospitals in Japan
submitted data on 74,393 patients to the JTDB. The present
study used patient data from January 2019 to December 2021
shortly after the launch of the JTDB. The study protocol was
approved by the ethics committee of Tokyo Metropolitan
Tama General Medical Center. The study's findings have
been reported in accordance with the STROBE.

Patients

Patients in the JTDB who were aged 15years or older were
included. The exclusion criteria were burns, sharp trauma,
pre-hospital transfer to another hospital, and incomplete
data. Lower body injuries were also excluded because the
JTDB includes minor, isolated, upper extremity injuries
which do not necessarily require PCCD placement. The in-
tervention group were defined as patients with PCCD place-
ment in an ambulance or after arrival at the hospital. The
control group consisted of all the other patients.

Data collection

The following patient information was collected: age,
sex, injury mechanism, emergency medical service vehi-
cle (“doctor car”) use, treatment in an ambulance (infu-
sion, cardiopulmonary resuscitation, PCCD), treatment
after hospital arrival (PCCD, internal or external fixation,

transcatheter arterial embolization, surgery for a condition
other than PRF), Glasgow coma scale (GCS), systolic blood
pressure (sBP), heart rate (HR), respiratory rate (HR), respir-
atory rate (RR), Abbreviated Injury Scale (AIS) score, Injury
Severity Score (ISS), Revised Trauma Score (RTS), Trauma
and Injury Severity Score (TRISS), PRF classification ac-
cording to JAST, survival time in days, blood transfusion
volume, ICU stay, hospital stay, and duration of ventilator
use in days. ER mortality, 7-day mortality, and 28-day mor-
tality were calculated based on the length of survival in days,
and ICU-free days (ICU-FD), hospital-free days (HFD), and
ventilator-free days (VFD) were calculated by subtracting 28
from the number of days for ICU stay, hospital stay, and ven-
tilator use. These numbers were set to 0days if the patient
died during hospitalization. The variables were categorized
as follows: median age, TRISS 0.5, RR 30, and sBP 90, ISS
3-14, 15-24, 25-34, and 35 or higher; and GCS 3-7, 8-12,
and 13-15. PRF were classified as stable (JTA Class 1) or ro-
tationally or vertically unstable (JTA Class 2 and 3).

Statistical analysis

Continuous variables were expressed as the mean + stand-
ard deviation (SD) or the median with the interquartile
range (IQR). Continuous variables were compared using
Welch's t-test, and categorical variables were expressed as
a number and a percentage and were compared using the
Chi-squared test with Yates's continuity correction. The ex-
tent to which PCCD placement improved the patient out-
comes was assessed; ER mortality, 7-day mortality, 28-day
mortality, and in-hospital mortality were chosen as the pri-
mary endpoints, and red cell concentrate transfusion, VFD,
ICU-FD, and HFD were chosen as the secondary endpoints.
To reduce bias and make fair comparisons between patients
who received PCCD and those who did not, we used pro-
pensity scoring. This statistical technique estimates the
probability of receiving PCCD based on various patient
characteristics (age, sex, injury mechanism, infusion, CPR
in the ambulance, contact with a physician in a doctor car,
GCS, RR, and sBP) using a logistic regression model. This
helps to create a balanced comparison between the two
groups. A crude analysis and propensity score matching
(PSM) analysis were first conducted using a caliper width
equal to 0.2 of the standard deviation of the logit propensity
score. After matching, we used inverse probability of treat-
ment weighting IPTW) to further adjust for differences
between the groups. This method weights patients based
on their propensity scores to create a synthetic sample in
which the distribution of measured baseline covariates is
independent of treatment assignment. This helps to mimic
arandomized controlled trial. We also adjusted for severity
scores that were available only after hospital arrival to ac-
count for patient severity. The effect of the intervention on
IPTW analysis was evaluated using coefficients of regres-
sion analysis. These analyses were stratified by the class of
PRF and other patient characteristics to identify any effect



EFFECTIVENESS OF PCCD FROM JTDB

ACUTE MEDICINE 30f8
-WI LEYJ—

modifiers. A Kaplan-Meier (KM) curve was drawn for
each analysis and the mortality trend was evaluated. The
KM curves were stratified by PRF severity. A complete case
analysis was performed utilizing only the cases without in-
complete data. Multiple imputation utilizing the predictive
mean matching (PMM) method was used to address miss-
ing values for sensitivity analysis. Twenty datasets were
generated, and 50 iterations of the imputation process were
conducted. Two-sided p<0.05 was considered to indicate
statistical significance. R4.3.1 was used for the analyses.

RESULTS

In total, 74,393 patient records from 2018 to 2021 were
available; of these, records of 235 patients with PCCD and
23,429 control subjects were included for analysis (Figure 1).
Propensity scores were then calculated and matched to
caliper 0.2. After PSM, 234 eligible patients in each group

JTDB 2019 — 2021
74,391 were assessed for eligibility

36,043 were included.

12,379 were excluded
5816 Transfer from other hospital
4650 Missing values
1511 Contradictory variable
360 Transfer hospital before admission
38 Mix (penetrating)
4 Burn

23,664 were eligible for analysis

PCCD Control
235 23,429

FIGURE 1 Flowchart of patient eligibility. JTDB, Japan Trauma
Data Bank; PCCD, Pelvic circumferential compression device.
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were analyzed. Figures S1 and S2 show the receiver operat-
ing characteristics (ROC) curves of the propensity scores
and the histograms before and after matching. The IPTW
analysis increased the number of patients to 17,691 in the
treatment group and 23,667 in the control group. Table 1
shows the patient background of each group. The standard
mean difference of the variables used for the propensity
scores except injury mechanism and HR were equal to or
<0.2.

Table 2 showed the primary outcomes. The odds ratio of
in-hospital mortality with PCCD placement was significantly
higher on crude analysis (OR=3.8 [95% confidence interval
(CI): 2.51-5.75], p<0.001), non-significant on PSM anal-
ysis (OR=0.79 [0.43-1.42], p=0.4), and significantly lower
on IPTW analysis (OR=0.73 [0.62-0.86], p<0.001). Also, a
similar trend was observed for ER mortality (crude analy-
sis: OR=3.8 [2.51-5.75], p<0.001; PSM analysis, OR=0.79
[0.43-1.42], p=0.4; IPTW analysis, OR=0.73 [0.62-0.86],
p<0.001), 7-day mortality (crude analysis: OR=4.14 [2.87-
5.96], p<0.001; PSM analysis: OR=0.94 [0.55-1.6], p=0.8;
IPTW analysis: OR=0.81 [0.7-0.93], p=0.004) and 28-day
mortality (crude analysis: OR=3.86 [2.71-5.49], p<0.001;
PSM analysis: OR=0.91 [0.54-1.53], p=0.71; IPTW analysis:
OR=0.82 [0.71-0.94], p=0.004).

Table 3 showed the secondary outcomes. PSM analysis
showed few complications such as pelvic organ damage,
PTSD, and pressure ulcer damage in both groups, while the
IPTW analysis showed a fewer trend of these complications
in the PCCD group. More red cell concentrate transfusions
and fewer, ICU-free days were observed in the PCCD group,
but these differences were reduced on PSM and IPTW anal-
ysis. Crude analysis demonstrated more invasive mechanical
ventilator use and fewer, ventilator-free days in the PCCD
group, but these results were the opposite of those observed
on PSM and IPTW analysis.

We conducted several subgroup analyses (Figure 2).
Crude analysis demonstrated a higher probability of sur-
vival in the PCCD group than in the control group, but this
was the opposite of the result obtained with PSM analysis.
On the stratified IPTW analysis, PCCD increased the prob-
ability of survival to a greater degree in patients with a PRF
than in those with no PRF as well as in those with an un-
stable PRF than in those with a stable PRF. Figure 3 showed
the primary outcomes of IPTW stratified by pelvic fracture
severity. The odds ratios increased in patients without a PRF
but significantly improved in those with a stable pelvic frac-
ture and those with an unstable pelvic fracture in increasing
order. Stratification was also performed using other patient
characteristics to explore effect modifiers (Figures S3-S6).
A fall from a height or downstairs and pre-hospital PCCD
placement had a lower odds ratio. There was no consistent
trend in the patient baseline, such as in sex, age, severity
as assessed with TRISS, RTS or ISS, vital signs, impaired
consciousness or treatment after arrival to the hospital, in-
cluding TAE and pelvic fixation. The multiple imputation
performed as a sensitivity analysis showed similar results to
the main analysis (Table S1, Figures S7 and S8).
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TABLE 2 Primary outcomes.
Crude analysis PSM analysis IPTW analysis*
Outcome Odds ratio [95% CI] p Value Odds ratio [95% CI] p Value Odds ratio [95% CI] p Value
ER mortality 3.8 [2.51-5.75) <0.001 0.79 [0.43-1.42] 0.4 0.73 [0.62-0.86] <0.001
7-day mortality 4.14 [2.87-5.96] <0.001 0.94 [0.55-1.6] 0.8 0.81 [0.7-0.93] 0.004
28-day mortality 3.86 [2.71-5.49] <0.001 0.91 [0.54-1.53] 0.71 0.82[0.71-0.94] 0.004
In-hospital mortality 3.5 [2.46-4.97] <0.001 0.89 [0.53-1.48] 0.62 0.66 [0.58-0.75] <0.001
Abbreviations: IPTW, Inverse probability of treatment weighting adjusted by Trauma and Injury Severity Score; PSM, Propensity score matching.
TABLE 3 Secondary outcomes.
Crude analysis PSM analysis IPTW analysis
Outcome Estimate [95% CI] p Value Estimate [95% CI] p Value Estimate [95% CI] p Value
Categorical variables, odds ratio
Invasive mechanical ventilation 5.22 [4 to 6.81] <0.001 0.98 [0.66 to 1.46] 0.92 0.97 [0.9 to 1.05] 0.47
Organ injury 3.45 [0.47 to 25.42] 0.22 o0 [0.03 to o] 1.0 0.12 [0.04 to 0.37] <0.001
PTSD 2.27[0.31 to 16.55] 0.42 0[0to 0] 0 0.09 [0.03 to 0.27] <0.001
Pressure sore injury 0 [0 to o] N/A 0 [0 to 5.32] 0.5 0 [0 to ] N/A
Continuous variables, absolute differences
Red cell concentrate 6.27 [4.78 to 7.75] <0.001 3.77 [2.06 to 5.49] <0.001 1.2 [1.04 to 1.36] <0.001
transfusion, units
ICU-free days, days —5.88 [-7.19 to —4.58]  <0.001 -0.02 [-1.98t0 1.93]  0.98 —-0.73 [-0.85 to <0.001
-0.61]
Ventilator-free days, days —4.16 [-5.51 to —2.81] <0.001 0.86 [-1.13 to 2.85] 0.39 0.4 [0.29 to 0.51] <0.001
Hospital-free days, days -3.79 [-4.76 to —2.82]  <0.001 —-0.38 [-1.81 to 1.05]  0.61 -1.13 [-1.35t0 -0.92]  <0.001

Abbreviations: PSM, Propensity score matching; IPTW, Inverse probability of treatment weighting adjusted by Trauma and Injury Severity Score; N/A, not available.

DISCUSSION

The present study was the first to utilize a large registry
to examine the efficacy of PCCD. Mortality in the PCCD
group demonstrated a lower trend on propensity score
matching analysis and a significantly lower trend on IPTW
analysis than in the control group (Table 2). Sensitivity
analysis by multiple imputation for missing data dem-
onstrated a similar trend although fewer outcomes were
found to be statistically significant (Table S1), indicating
a high level of robustness of this study. Propensity scores
are generally created using only information available be-
fore the intervention is implemented. Therefore, we did
not use RTS, ISS, and TRISS for the propensity score, but
these SMDs were unbalanced in both groups (Table 1).
This means that the propensity score could not adjust for
patient severity. Given these results and the patient back-
grounds shown in Table 1, it can be seen that the propen-
sity score failed to adjust adequately for patient severity,
and that adjusting for confounders was needed in IPTW
analysis.

All the guidelines were based on the results of these
observational studies of small sample sizes. Although many
previous studies®™” concluded that PCCD was effective,
no studies found any improvement in hard outcomes, such
as mortality, possibly due to the small sample sizes and

20-23

correspondingly lower power of detection. Therefore, the
EAST guidelines* noted that “PCCD reduces blood trans-
fusion but may not affect mortality.” On the other hand,
the present study had the largest sample size to date and
produced two, novel findings. First, PCCD decreased the
mortality on IPTW analysis, which was a more appropri-
ate method of evaluating causal inferences.*®*” Although
the ROC for the propensity score were high, they were in-
sufficient to adjust for severity, and the standardized mean
differences for TRISS and PRF severity between the two
groups was greater than 0.2. IPTW analysis demonstrated
decreased mortality for the PCCD group, including the
results of sensitivity analysis, keeping the large sample
size. Previous studies®"” recommended PCCD based on
improvements in surrogate markers of mortality. The re-
sults of the present study were in line with these findings
and strengthened the scientific evidence for recommend-
ing PCCD. Second, this study identified effect modifiers.
Previous studies had differing eligibility criteria, and these
discrepancies made it difficult to identify the patient pop-
ulation for whom PCCD was effective. None of the guide-
lines describe patient findings or the timing of PCCD
placement. The lack of clarity in the recommendations
might confuse clinicians and lead to inappropriate PCCD
use. As well, there were concerns that PCCD placement
might cause pressure sores or excessive bleeding in PREF.
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The present study included patients with some lower body
trauma, including PRF; the population was more diverse in
this sense than those of previous studies. However, PCCD
were also used in patients without PRE. Subgroup analysis

ONO ET AL.

(A) Crude analysis

demonstrated that the treatment efficacy increased with
increasing PRF severity (Figure 3). On the other hand,
the mortality among patients with no PRF was higher in
the PCCD group possibly due to insufficient adjustment

(B) No pelvic ring fracture

1.0 | Control 1.0 | Control
08 PCCD 08
PCCD
S06 o6
I c
@ 04 3 0.4
02 HR =3.32[2.41-4.59] 02 HR =1.36[0.73 — 2.55]
0.0 0.0
0 14 21 28 0 7 14 21 28
Date Date
(C) Stable pelvic ring fracture (D) Unstable pelvic ring fracture
1.0 PCCD 1.0 PCCD
R L
0.8 0.8
Control Control
S06 o6
c c
@ 0.4 @ 0.4
02 HR=061022-171) 02] HR=0590026-134
0.0 0.0
0 14 21 28 0 7 14 21 28

FIGURE 2

Date

Date

Kaplan-Meier curve of crude analysis (A), propensity score matching analysis of no pelvic ring fracture (B), propensity score matching

analysis of stable pelvic ring fracture (C) and propensity score matching analysis of unstable pelvic ring fracture (D). PCCD, Pelvic circumferential

compression device.

Subgroup

Odds ratio [95% CI]

No fracture
ER mortality
7day mortality

28day mortality

In-hospitali mortality

Stable fracture
ER mortality
7day mortality

28day mortality

In-hospitali mortality

Unstable fracture
ER mortality
7day mortality
28day mortality

In-hospitali mortality

2.57 [1.31 - 2.85]
2.35[2.14 - 2.59]
2.32[2.13 - 2.54]
2.08[1.91 - 2.27]

0.38 [0.27 — 0.53]
0.95[0.77 — 1.19]
0.8 [0.65 — 0.99]
0.74[0.6 — 0.91]

0.09 [0.05 - 0.15]
0.15[0.1 - 0.23]
0.19[0.3 - 0.28]

0.18[0.12 - 0.27]

FIGURE 3
Pelvic circumferential compression device.

Forest plot of subgroup analysis of inverse probability of treatment weighting analysis. HR, Hazard ratio on COX hazard model; PCCD,
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for trauma severity. Other effect modifiers, including the
mechanism of fall injuries, injury severity in terms of vital
signs, consciousness status, and pre-hospital PCCD place-
ment, were also identified (Figures S3-S6). According
to these results, the greatest benefit may be achieved by
placing PCCD as early as possible (Table S2) in patients
with unstable pelvic fractures, shock vitals (RR>30/min,
sBP<90mmHg), and falls (from stairs or height). These
results were logically reasonable for the patient population
for whom PCCD is effective. In addition, PCCD was less
effective in patients with impaired consciousness. In the
presence of impaired consciousness, the diagnosis of PRF
may be more difficult, and furthermore, the primary fac-
tor of prognosis may not necessarily be PRF. Based on our
findings, prospective studies should be conducted to con-
firm the effectiveness of PCCD in these target populations.

In addition to the biases due to observational studies, the
present study had two limitations. First, PCCD placement
did not demonstrate a reduction in transfusion volume,
which can be considered a surrogate marker of mortality.
The quality of the other treatment might have been better
in the PCCD group than in the control group. Second, there
was no information on the types of PCCD or the method of
their placement. PCCD would be used inappropriately to be
ineffective.

CONCLUSION

The present study used a large database to evaluate the
effectiveness of PCCD placement in treating lower body
trauma. Adjusted IPTW analysis demonstrated decreased
mortality in the PCCD group, while subgroup analysis
demonstrated a greater treatment effect on the vital signs,
injury origin, and pre-hospital PCCD use. Randomized
controlled trials are needed to standardize treatment
strategies.
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