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Abstract

Background Hemodynamically unstable pelvic ring fractures from high-energy trauma are critical injuries in trauma
care, requiring urgent intervention and precise diagnostics. With ongoing advancements in trauma management,
treatment strategies have evolved, with some techniques becoming obsolete as new ones emerge. This study aimed
to evaluate changes and trends in treatment algorithms for these injuries over approximately 40 years.

Methods A systematic review of PubMed and EMBASE was conducted to include articles published over roughly
four decades that presented visual treatment algorithms or workflows for managing unstable pelvic ring fractures.
Identified algorithms were categorized by publication period and analyzed by initial assessment, diagnostic methods,
pelvic stabilization, and hemorrhage control interventions.

Results The search identified 5,434 publications, of which 32 met the inclusion criteria. 75% of these studies were
published between 2011 and 2022, reflecting a growing focus on standardization, particularly in Europe, North Amer-
ica, and Asia. Physiological assessment remains essential in the initial management of hemodynamically unstable
pelvic ring fractures, guiding resuscitation and influencing the selection of intervention and imaging. The use of pelvic
binders or sheets has risen steadily, highlighting their role in hemorrhage control and temporary stabilization. CT
scans and angiography have largely replaced pelvic X-rays in diagnostic protocols, becoming preferred radiologi-

cal methods alongside focused assessment with sonography for trauma (FAST). Pelvic stabilization remains critical,
with external fixation being the most commonly used technique, showing an upward trend in recent years. Lapa-
rotomy, pelvic packing, and angioembolization continue to play vital roles in hemorrhage management. Emerging
techniques, such as resuscitative endovascular balloon occlusion of the aorta (REBOA), anterior subcutaneous internal
fixation (INFIX), and rescue screws, are increasingly included in treatment algorithms, while diagnostic peritoneal lav-
age (DPL) has become obsolete and is no longer listed in these algorithms.

Conclusions This review provides foundational insights toward the standardization of initial treatment for hemody-
namically unstable pelvic ring fractures and holds significant importance in enhancing the consistency and efficiency
of treatment. Future research should focus on accumulating higher-quality evidence to evaluate the effectiveness

of standardized protocols and explore the applicability of new treatment methods.
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Background

Hemodynamically unstable pelvic ring fractures from high-
energy trauma are among the most severe cases in trauma
surgery, posing significant risks to patient survival due to
massive hemorrhage from major pelvic vessels, which
requires prompt and appropriate intervention in the acute
phase [1, 2]. It is recommended that each patient with a
pelvic ring injury is considered as a potential candidate for
a “hidden shock” symptomatic until further diagnostics can
disprove the possibility of retroperitoneal blood loss, which
can initially be masked by the patient’s compensation
mechanism [3]. While timely initial management has been
shown to improve survival rates [4], treating these fractures
remains complex, involving multiple diagnostic and thera-
peutic steps that demand swift and accurate decision-mak-
ing in clinical settings.

Despite the critical nature of this management, the
standardization of initial treatment procedures and
approaches remains insufficient, and treatment often
depends on individual clinician judgment [5]. To address
these inconsistencies, various medical facilities have imple-
mented flowcharts designed to standardize initial treat-
ment approaches, aiming to streamline decision-making
and improve patient outcomes in emergency settings [6].
These structured pathways not only enhance transparency
and care quality by reducing variability but also promote
consistent adherence to essential steps.

However, research indicates substantial differences in
flowchart content and structure across institutions, poten-
tially affecting treatment uniformity [7]. The ongoing evo-
lution of treatment techniques and diagnostic tools further
complicates standardization, as newer flowcharts may lack
clear criteria or sufficient supporting evidence, suggesting a
need for continual refinement [8].

This systematic review aims to evaluate the development
of initial treatment flowcharts for hemodynamically unsta-
ble pelvic ring fractures, analyzing variations over time to
support future standardization efforts. By synthesizing cur-
rent practices, this review seeks to lay the groundwork for
a standardized approach, ultimately enhancing trauma care
decision-making and clinical guidelines.

Methods

The reporting of this systematic review was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines (http://www.prisma-statement.org/).

Eligibility criteria

A systematic review was conducted to identify all rel-
evant publications regarding the initial management
of patients with pelvic ring fractures associated with
hemodynamic instability due to trauma. Only original
articles written in English, German, or Japanese were
included, that present flowcharts or visual treatment
algorithms for the emergency management of unstable
pelvic ring injuries. Exclusion criteria included studies
on pediatric patients, isolated sacral fractures, military-
related fractures, case reports, case series, reviews,
editorials, studies without a clear description of treat-
ment timing, studies not focused on emergency care,
low-quality studies, and studies involving navigated or
robotic-assisted procedures (as these are not applicable
to emergency settings). In cases where multiple stud-
ies with flowcharts were published by the same institu-
tion or hospital, only the most recent publication was
included in the analysis, and earlier studies from the
same institution were excluded.

Information sources and search strategy

The Medline and EMBASE databases were searched to
cover the period from January 1, 1980, to December
31, 2022. The final search was performed on February
25, 2023. The search strategy included a combination
of controlled vocabulary terms (MeSH/Emtree terms)
and regular search terms, connected using Boolean
operators. Truncation was applied to account for plu-
ral forms and alternate spellings, and careful attention
was paid to include all relevant synonyms. Filters were
applied to exclude inappropriate article types. The full
list of search terms is provided in Supplementary File
1. In addition, the reference lists of selected studies and
relevant reviews were screened to identify additional
sources. The search results were organized and dedu-
plicated using Clarivate” EndNote " version 20.

Study selection

Titles and abstracts of the identified articles were inde-
pendently screened by KS, FKLK, and LE. KS and FKLK
cross-checked the extracted data, and any disagreements
were resolved through personal discussion. Full texts of
potentially eligible studies were retrieved through the
university’s central library via respective publishers.
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Data extraction

Data extraction was conducted solely from the figures in
the flowcharts/algorithms presented in the papers, and
no data were extracted from the main text of the arti-
cles. The extracted items were categorized into five major
areas: “Paper Information,” “Initial Management,” “Diag-
nostic Methods,” “Pelvic Stabilization,” and “Interven-
tions for Hemorrhage Control”

For “Paper Information,” the author names, paper
title, journal name, year of publication, and country
were extracted. Temporal trends in publication were
also evaluated. Specifically, articles were stratified
according to their publishing dates as follows: 1980
to 1985, each subsequent 5-year period after 1986,
and the period from 2021 to 2022. This resulted in a
6-year period for 1980-1985 and a 2-year period for
2021-2022. The average number of publications per
year for each period was assessed. The number of
publications by region was also analyzed. For “Initial
Management”, “Diagnostic Methods”, “Pelvic Stabili-
zation’, and “Interventions for Hemorrhage Control’,
the presence of each respective procedure or method
in the flowcharts was evaluated. The presence or
absence of these elements was recorded as “Yes,” “No,”
or “UNK=Unknown’, “NA=Not Applicable” The
results were further analyzed by dividing them into
four periods: 1980-2010, 2011-2015, 2016-2020, and
2021-2022, and the proportions for each response
were calculated for these time frames.

The specific items extracted for “Initial Management”
included:

» Was the stability of the fracture assessed?

+ Was the patient’s physiology taken into account?

+ Were other sources of bleeding (from other body
regions/injuries) ruled out?

+ Was a pelvic binder or sheet applied?

+ Were resuscitation efforts described?

For “Diagnostic Methods”, the following items were
evaluated:

+ Focused Assessment with Sonography for Trauma
(FAST).

« Diagnostic Peritoneal Lavage (DPL).

+ X-ray of the pelvis.

+ Computed Tomography scan (CT-scan).

+ Angiography.

For “Pelvic Stabilization’, the following items were
included:
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+ Was any form of pelvic fixation/stabilization was per-
formed (excluding pelvic binders or sheets)?

« External fixation.

+ C-clamp.

» Anterior subcutaneous internal fixation (INFIX).

+ Rescue screws.

+ Open reduction and internal fixation (Definitive fixa-
tion) (ORIF).

For “Interventions for Hemorrhage Control’, the fol-
lowing items were extracted:

+ Laparotomy.

+ Pelvic packing.

+ Angioembolization.

+ Resuscitative Endovascular Balloon Occlusion of the
Aorta (REBOA).

Results

Study selection

The flowchart detailing the study selection process is
presented in Fig. 1. A systematic search of the Medline
database yielded 1,932 results, and an additional 3,465
records were identified through EMBASE. Furthermore,
37 additional records were identified from other sources.
After removing 1,213 duplicates, 4,221 records were
screened, with 3,811 records excluded. Of the remaining
410 full-text articles assessed, 369 were excluded due to
the absence of flowcharts addressing initial treatment or
early management. Of the 41 remaining studies, 9 dupli-
cate studies from the same institution were excluded,
leaving 32 studies that were ultimately included in this
review [9-40].

Paper information

Information regarding all included studies is provided
in Table 2 in Appendix. A total of 32 studies published
between 1980 and 2022 met the inclusion criteria and
were included in this review. The number of stud-
ies incorporating flowcharts for initial treatment and
management has increased in recent years, with 24
studies published between 2011 and 2022, accounting
for 75% of the total. The number of publications dur-
ing the four time periods used in subsequent evalu-
ations—1980-2010, 2011-2015, 2016-2020, and
2021-2022—were 8, 7, 10, and 7, respectively. Moreo-
ver, the trend of increasing publications per year has
become more pronounced in recent years, with an aver-
age of 3.5 studies published annually in the 2021-2022
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Fig. 1 Flowchart of this systematic review

period (Fig. 2). Additionally, when categorizing the
institutions where treatments were conducted by
region, Europe accounted for 14 studies, followed by
North America with 8, Asia with 7, the Middle East
with 2, and South America with 1 (Table 1).

Initial management

The results of the evaluation items related to initial man-
agement are presented in Table 3 in Appendix; Fig. 3.
Fracture stability assessment was documented in 50.0%
(16/32), physiological assessment in 100% (32/32), ruling
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out other bleeding sources in 31.3% (10/32), pelvic binder
or sheet application in 68.8% (22/32), and resuscitation
measures in 53.1% (17/32).

Regarding fracture stability assessment, no marked
changes were observed across different time periods.
Physiological assessment was consistently included
in all flowcharts across all time periods. In contrast,
exclusion of other bleeding sources exhibited consid-
erable variation between time periods, with no clear
trend observed. The use of pelvic binders or sheets
showed a steady increase over time, reaching 100%
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Fig. 2 Annual number of publications featuring flowcharts on initial management, assessment, and treatment

Table 1 Regional distribution of treatment institutions

Region Papers  Details

Asia 7 Hong Kong (2), Japan (1), South Korea (2),
Taiwan (2)

Europe 14 Austria (1), France (1), Germany (1), Italy (4),
Netherlands (2), Norway (2), Switzerland
(), UK (1)

Middle East 2 Israel (2)

North America 8 USA (8)

South America 1 Brazil (1)

(7/7) in the 2021-2022 period. Documentation of
resuscitation efforts also saw a notable increase after
2011.

Diagnostic method

The results related to diagnostic methods are pre-
sented in Table 4 in Appendix; Fig. 4. FAST was used
in 81.2% of the studies (26/32), DPL in 15.6% (5/32),
pelvic X-ray in 56.3% (18/32), CT scan in 74.2%
(23/31), and angiography in 87.1% (27/31).

FAST was consistently used across all time periods,
with a particularly notable increase after 2011. DPL
was used to some extent in the early stages, but it was
no longer included in flowcharts after 2016. Regard-
ing radiological diagnostics, until 2015, there was no
marked difference in the usage rates between pelvic
X-ray and CT scan; however, after 2016, the use of CT
scan increased. Angiography maintained a high usage
rate across all time periods, and in the 2021-2022
period, both CT scan and angiography were included
in 100% of the flowcharts (6/6).

Pelvic stabilization

The results related to pelvic stabilization are presented
in Table 5 Appendix; Fig. 5. Including papers where
details were not explicitly mentioned, some form of
pelvic fixation was documented in 78.1% (25/32) of the
flowcharts. Specifically, external fixation was noted in
56.3% (18/32), C-Clamp in 9.4% (3/32), INFIX in 6.3%
(2/32), rescue screws in 3.1% (1/32), and ORIF in 25.0%
(8/32). External fixation was the most frequently docu-
mented method of fixation. Additionally, there was a
tendency for the usage of external fixation to increase
over time.
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Fig. 3 Initial management

Interventions for hemorrhage control

The results related to interventions for hemorrhage con-
trol are presented in Table 6 Appendix; Fig. 6. Laparot-
omy was documented in 78.1% (25/32) of the studies,
pelvic packing in 62.5% (20/32), angioembolization in
56.3% (18/32), and REBOA in 18.8% (6/32). Laparotomy
showed relatively high usage rates across all time periods.
Although some cases of pelvic packing were categorized
as “UNK; its documentation has markedly increased
since 2011. The use of angioembolization showed no evi-
dent variation across the different periods. REBOA was
first documented after 2016, and its use has been increas-
ing in recent years.

Discussion

Based on this systematic review of treatment algo-
rithms for pelvic ring injuries we conclude the follow-
ing main findings:

Period

UNK [l Yes

The number of publications featuring initial treat-
ment flowcharts for hemodynamically unstable pel-
vic ring fractures has risen in recent years, reflect-
ing a growing interest in standardization, primarily
from institutions in Europe, North America, and
Asia.

Physiological assessment remains essential in the ini-
tial management of hemodynamically unstable pelvic
ring fractures, as it guides the decision-making pro-
cess for resuscitation measures.

The recommendation for the use of pelvic binders
or sheets has progressively increased over recent
years, underscoring their perceived value in flow-
charts for hemorrhage control and temporary pel-
vic stabilization.

CT scans and angiography have increasingly
replaced pelvic X-rays in diagnostic protocols,
ultimately becoming more commonly radiological
method alongside FAST, while pelvic X-rays remain
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Fig. 4 Diagnostics methods

an important tool for assessing patients with unsta-
ble conditions.

Pelvic stabilization remains a critical aspect of
trauma management, with various methods
reported; however, external fixation continues to be
the most frequently utilized technique, showing an
increasing trend in usage in recent years.
Laparotomy, pelvic packing, and angioembolization
continue to play essential roles in managing hem-
orrhage in hemodynamically unstable patients with
pelvic fractures, while the use of REBOA has nota-
bly increased in recent years.

Initial management

The assessment of fracture stability is included in
approximately half of the flowcharts across all periods.
In contrast, physiological assessment appears in 100%

of the flowcharts, as understanding vital signs and lev-
els of consciousness is essential for determining emer-
gency severity and stabilizing hemodynamics, and plays
a critical role in establishing the initial treatment plan.
Similarly to the assessment of fracture stability, the
exclusion of other bleeding sources is not frequently
included in flowcharts during any period. This pattern
may suggest that such evaluations are commonly per-
formed by clinicians without requiring explicit men-
tion in the flowcharts. Including too many details in the
flowchart risks complicating it and potentially delay-
ing the primary objectives of rapid initial management
and treatment. However, in life-threatening condi-
tions, even basic evaluations like fracture stability and
the exclusion of bleeding from other sources might be
overlooked. According to Pfeifer et al., the clearance
process for fracture fixation in polytrauma patients
prioritizes initial physiological stabilization but also
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Fig. 5 Pelvic stabilization

necessitates a rapid assessment of fracture and other
organ status as part of a comprehensive evaluation [41].
Therefore, the inclusion of elements such as fracture
stability assessment and the exclusion of other bleeding
sources within the flowcharts may be worth consider-
ing, provided they do not lead to overcomplication or
confusion.

The use of pelvic binders and sheets has been on the
rise, with every flowchart in the literature from 2021 to
2022 including references to them. Research on cadavers
has suggested that pelvic binders significantly increase
intrapelvic pressure, which helps minimize venous bleed-
ing [42]. While improper placement has been reported as
an issue [43], including them in flowcharts is considered
beneficial for hemorrhage control and temporary pelvic
stabilization [44]. Documentation on resuscitation has
notably increased since 2011, and similar to fracture sta-
bility assessment and bleeding exclusion, including these

aspects without overly complicating the flowchart may
be worth considering.

Diagnostic method

FAST was included in over 80% of the flowcharts and
became particularly prominent in publications from
2011 onward. Since its introduction in the 1990s,
FAST has become a rapid and effective diagnostic tool
in trauma care [45], which explains its lower usage
rate in earlier years. According to Smith and Wood,
the sensitivity and specificity of FAST scans for blunt
trauma are as high as 93.1% and 100%, respectively,
underscoring its utility in quickly assessing unstable
patients and guiding initial treatment [46]. This high
accuracy makes FAST an essential component of the
flowcharts for rapidly diagnosing and stabilizing pel-
vic fractures accompanied by hemodynamic insta-
bility. On the other hand, DPL appears in a smaller
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Fig. 6 Interventions for Hemorrhage Control

proportion of flowcharts and has not been included
at all since 2016. This aligns with reports indicating
that DPL usage has declined with the increasing adop-
tion of FAST [47]. Given that FAST is a non-invasive
and quick diagnostic method, it suggests that DPL is
unlikely to be frequently used in the future.

Pelvic X-rays appear in approximately 50% of flow-
charts across all periods, indicating a role in the initial
assessment of pelvic ring fractures with hemodynamic
instability, though not necessarily as a primary diag-
nostic priority. This may be attributed to the increased
use of more advanced imaging modalities, such as
CT scans, which offer superior diagnostic capabili-
ties. While pelvic X-ray remains an integral part of the
ATLS assessment, a retrospective study by Hilty et al.
indicates that in hemodynamically stable patients with
a clinically stable pelvis, its sensitivity is only 67%,
and it may safely be omitted in favor of pelvic CT if

such adjunctive imaging is planned and available [48].
However, in physiologically highly unstable patients,
pelvic X-ray might still be required to expedite ini-
tial assessment and facilitate rapid decision-making.
CT scan inclusion in flowcharts has increased signifi-
cantly, from 50% in 1980-2010 to universal inclusion
in 2021-2022. The improvements in CT technol-
ogy and its enhanced speed and diagnostic precision
underscore its growing importance in assessing pelvic
fractures, identifying hemorrhage sources, and estab-
lishing treatment plans. Angiography has also been
consistently included and mentioned separately from
CT imaging in a high percentage of flowcharts across
all periods, highlighting its value in rapidly identifying
and controlling bleeding in cases of hemodynamically
unstable pelvic ring fractures. Nowadays, angiogra-
phy is usually integrated in the emergency CT scans,
allowing for more rapid and accurate assessment of
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trauma, including arterial injuries, and providing a
more effective diagnostic approach compared to per-
forming them separately [49]. Considering the above,
it is recommended that FAST, CT scans, and Angiog-
raphy be included in flowcharts as evaluation methods,
provided that the facility’s resources and human capi-
tal allow.

Pelvic stabilization

Pelvic fixation is included in high frequency across all
periods, reflecting its consistent role as a critical inter-
vention for hemodynamically unstable pelvic ring frac-
tures. Pelvic stabilization reduces intrapelvic bleeding
and lowers the risk of hemorrhagic shock, confirming
its efficacy [50]. External fixation is the most commonly
used stabilization technique, largely due to its rela-
tively rapid implementation and less demanding train-
ing requirements compared to other methods [5]. On
the other hand, techniques such as C-Clamp, INFIX,
rescue screws, and ORIF require more advanced skills
and specialized expertise, and as a result, are typically
limited to select facilities. For instance, C-Clamp is
effective for posterior pelvic stabilization in patients
with hemodynamic instability, yet its application
requires specific training to avoid potential complica-
tions [51]. Similarly, rescue screws play a critical role
in sacroiliac joint stabilization in emergency cases;
however, inadequate training can increase the risk of
screw misplacement and associated nerve injury [52].
Because these methods are not always clearly defined
in flowcharts, definitive conclusions are challenging.
However, pelvic stabilization, especially through exter-
nal fixation, remains crucial in initial treatment, and
including these approaches in flowcharts is recom-
mended. Furthermore, external fixation and C-Clamp
are commonly used as temporary measures for pelvic
stabilization, while INFIX, rescue screws, and ORIF are
primarily used for definitive fixation. These techniques
are systematically incorporated into several flowcharts
according to the treatment phase and the patient’s
physiology according to the safe definitive surgery con-
cept (SDS) [53].

Interventions for hemorrhage control

Laparotomy is frequently included in all periods and
remains the primary method for hemorrhage con-
trol in pelvic ring fractures. In contrast, pelvic pack-
ing was rarely mentioned in publications from 1980
to 2010, but its inclusion has increased significantly
in more recent literature. Pelvic packing may not
always be explicitly noted in the flowcharts, as it is
often described within the context of laparotomy.
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Angioembolization is slightly less frequently included
than pelvic packing, likely due to the specialized skills
and resources required for its implementation. Both
preperitoneal packing and angioembolization have
been shown to be effective in controlling bleeding in
hemodynamically unstable pelvic fracture patients,
but meta-analyses suggest no significant difference
in mortality between the two, highlighting the need
for further evidence [54]. REBOA first appeared in
the flowcharts in 2016 and has gradually gained trac-
tion as an emerging method for temporarily control-
ling bleeding through balloon occlusion [55]. These
findings suggest that while laparotomy continues to be
positioned as the standard treatment method, pelvic
packing follows closely in terms of usage rate. Addi-
tionally, newer techniques such as REBOA are on the
rise, and these methods are anticipated to contribute
to the standardization of future flowcharts.

Limitation

This review has several limitations. First, as it is based
on past literature, it may not fully reflect actual clini-
cal outcomes or the latest technologies. In particular,
if new technologies or protocols have been introduced,
their effects may not be represented. Additionally, vari-
ations in the algorithms present another limitation. The
algorithms reviewed differed in both specific details
and holistic structure, with some steps in certain algo-
rithms being indicative but not consistently stand-
ardized; as a result, these steps were not uniformly
included in this analysis. Furthermore, it remains
unclear whether the effectiveness of the flowcharts
can be uniformly applied across all facilities. Future
research should focus on validating these flowcharts
with real clinical data and developing flexible guide-
lines that can be adapted to the unique conditions of
different facilities.

Conclusions

This review provides foundational insights toward the
standardization of initial treatment for hemodynamically
unstable pelvic ring fractures and holds significant impor-
tance in enhancing the consistency and efficiency of treat-
ment. The development of standardized flowcharts has
the potential to contribute to improved patient outcomes
and higher quality of care by unifying diagnostic proce-
dures and establishing appropriate treatment protocols,
representing a crucial step in refining clinical guidelines.
Furthermore, future research should focus on accumulat-
ing higher-quality evidence to evaluate the effectiveness of
standardized protocols and explore the applicability of new
treatment methods.
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Authors Paper title Journal Year Country

Evers BM, et al. [9] Pelvic fracture hemorrhage. Priorities Archives of Surgery 1989 USA
in management

Gruen GS, et al. [10] The acute management of hemody- The Journal of Trauma 1994 USA
namically unstable multiple trauma
patients with pelvic ring fractures

van Veen IH, etal. [11] Unstable pelvic fractures: a retrospec-  Injury 1995 Netherlands
tive analysis

Biffl WL, et al. [12] Evolution of a multidisciplinary clinical ~ Annals of Surgery 2001 USA
pathway for the management of unsta-
ble patients with pelvic fractures

Cook RE, et al. [13] The role of angiography in the man- Journal of Bone and Joint Surgery 2002 UK
agement of haemorrhage from major - Series B
fractures of the pelvis

Croce MA, et al. [14] Emergent Pelvic Fixation in Patients Journal of the American College 2007 USA
with Exsanguinating Pelvic Fractures of Surgeons

Totterman A, et al. [15] Extraperitoneal pelvic packing: a sal- The Journal of Trauma 2007 Norway
vage procedure to control massive
traumatic pelvic hemorrhage

Jeske HC, et al. [16] Management of hemorrhage in severe  The Journal of Trauma 2010 Austria
pelvic injuries

Black EA, etal. [17] Open pelvic fractures: the University The lowa orthopaedic journal 2011 USA
of Tennessee Medical Center at Knox-
ville experience over ten years

FuCY, etal.[18] Angioembolization provides benefits American Journal of Emergency 2012 Taiwan
in patients with concomitant unstable  Medcine
pelvic fracture and unstable hemody-
namics

Abrassart S, et al. [19] Unstable pelvic ring injury Orthopaedics & Traumatology: 2013 Switzerland
with hemodynamic instability: what Surgery & Research
seems the best procedure choice
and sequence in the initial manage-
ment?

El-Haj M, et al. [20] Outcome of angiographic embolisation  Injury 2013 Israel
for unstable pelvic ring injuries: Factors
predicting success

Cheng M, etal.[21] Improvement in institutional protocols ~ Emergency Medicine Journal 2015 Hong Kong
leads to decreased mortality in patients
with haemodynamically unstable pelvic
fractures

LustenbergerT, et al. [22] The role of angio-embolization Injury 2015 Germany
in the acute treatment concept
of severe pelvic ring injuries

Ron G, et al. [23] Extra-peritoneal pressure packing with-  Journal of Emergencies, Trauma 2015 Israel
out external pelvic fixation: A life-saving and Shock
stand-alone surgical treatment

Chiara O, et al. [24] Efficacy of extra-peritoneal pelvic pack-  World Journal of Emergency 2016 [taly
ing in hemodynamically unstable pelvic Surgery
fractures, a Propensity Score Analysis

Gaski IA, et al. [25] Reduced need for extraperitoneal pel-  Journal of Trauma and Acute Care 2016 Norway
vic packing for severe pelvic fractures Surgery
is associated with improved resuscita-
tion strategies

Hermans E, et al. [26] Research on relation of mortal- Journal of Acute Disease 2016 Netherlands

ity and hemodynamics in patients
with an acute pelvic ring fracture
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Authors Paper title Journal Year Country
Burlew CC, et al. [27] Preperitoneal pelvic packing reduces The Journal of Trauma and Acute 2017 USA
mortality in patients with life-threaten-  Care Surgery
ing hemorrhage due to unstable pelvic
fractures
Leung HCA, et al. [28] Outcome of Haemodynamically Journal of Orthopaedics, Trauma 2018 Hong Kong
Unstable Open Pelvic Fracture Patients  and Rehabilitation
Managed With “3-in-1" Pelvic Damage
Control Protocol in a Major Trauma
Centre
Pieper A, et al. [29] Resuscitative endovascular balloon The Journal of Trauma and Acute 2018 France
occlusion of the aorta for pelvic blunt  Care Surgery
trauma and life-threatening hemor-
rhage: A 20-year experience in a Level |
trauma center
Chou CH, et al. [30] Hemostasis as soon as possible? The World Journal of Emergency 2019 Taiwan
role of the time to angioembolization  Surgery
in the management of pelvic fracture
Lee MA, etal.[31] Effects of the establishment of a trauma  European Journal of Trauma 2019 South Korea
center and a new protocol on patients  and Emergency Surgery
with hemodynamically unstable pelvic
fractures at a single institution in Korea
Frassini S, et al. [32] Extraperitoneal packing in unstable The Journal of Trauma and Acute 2020 [taly
blunt pelvic trauma: A single-center Care Surgery
study
[to K, etal. [33] Hybrid emergency room system The Journal of Trauma and Acute 2020 Japan
improves timeliness of angioemboliza- ~ Care Surgery
tion for pelvic fracture
Frassini S, et al. [34] Emergency Management of Pelvic Journal of Clinical Medicine 2021 [taly
Bleeding
Hundersmarck D, et al. [35] Pelvic packing and angio-embolization  Injury 2021 USA
after blunt pelvic trauma: a retrospec-
tive 18-year analysis
Magnone S, et al. [36] Prospective validation of a new proto-  European Journal of Trauma 2021 [taly
col with preperitoneal pelvic packing and Emergency Surgery
as the mainstay for the treatment
of hemodynamically unstable pelvic
trauma: a 5-year experience
Tiziani S, et al. [37] Early fixation strategies for high Injury 2021 Switzerland
energy pelvic ring injuries - the Zurich
algorithm
Fonseca VC, et al. [38] Predictive factors of mortality Revista do Colégio Brasileiro de 2022 Brazil
in patients with pelvic fracture Cirurgides
and shock submitted to extraperitoneal
pelvic packing
Jang JY, et al. [39] Comparison between external fixation  Scientific Reports 2022 South Korea
and pelvic binder in patients with pel-
vic fracture and haemodynamic
instability who underwent various
haemostatic procedures
Tuchayi AM et al. [40] Comparative effectiveness of pelvic Clinical Imaging 2022 USA

arterial embolization versus laparotomy
in adults with pelvic injuries: A National
Trauma Data Bank analysis
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Table 3 Evaluation of initial management items
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Authors Fracture stability Physiology Ruling out other Pelvic binder/ Resuscitation
assessment assessment bleeding source sheet
Evers BM, et al. [9] No Yes No No No
Gruen GS, etal. [10] Yes Yes Yes No No
van Veen IH, etal. [11] No Yes No No No
Biffl WL, et al. [12] Yes Yes Yes Yes Yes
Cook RE, et al. [13] Yes Yes No No No
Croce MA, et al. [14] Yes Yes Yes Yes No
Totterman A, etal. [15] No Yes Yes Yes No
Jeske HC, et al. [16] Yes Yes No No No
Black EA, et al. [17] Yes Yes No Yes No
Fu CY, etal.[18] Yes Yes No No No
Abrassart S, et al. [19] Yes Yes No No No
El-Haj M, et al. [20] No Yes Yes Yes Yes
Cheng M, etal.[21] No Yes No Yes Yes
Lustenberger T, et al. [22] No Yes No Yes Yes
Ron G, et al. [23] No Yes No No Yes
Chiara O, et al. [24] Yes Yes No Yes No
Gaski IA, et al. [25] No Yes No Yes Yes
Hermans E, et al. [26] Yes Yes No Yes Yes
Burlew CC, et al. [27] Yes Yes No Yes Yes
Leung HCA, et al. [28] No Yes No Yes Yes
Pieper A, et al. [29] No Yes Yes No No
Chou CH, et al. [30] No Yes Yes No No
Lee MA, etal.[31] Yes Yes Yes Yes Yes
Frassini S, et al. [32] Yes Yes No Yes Yes
[to K, et al.[33] No Yes Yes Yes Yes
Frassini S, et al. [34] No Yes No Yes Yes
Hundersmarck D, et al. [35] No Yes No Yes Yes
Magnone S, et al. [36] No Yes No Yes No
Tiziani S, et al. [37] Yes Yes No Yes Yes
Fonseca VC, et al. [38] Yes Yes Yes Yes Yes
Jang JY, et al. [39] No Yes No Yes No
Tuchayi AM et al. [40] Yes Yes No Yes Yes
Table 4 Evaluation of diagnostic methods
Authors FAST DPL X-ray (pelvis) CT-scan Angiography
Evers BM, et al. [9] No Yes No No Yes
Gruen GS, et al. [10] No No No No Yes
van Veen IH, etal. [11] Yes No Yes Yes Yes
Biff WL, et al. [12] Yes Yes No Yes Yes
Cook RE, et al. [13] Yes Yes No Yes Yes
Croce MA, et al. [14] No No No No Yes
Totterman A, et al. [15] No No Yes No Yes
Jeske HC, et al. [16] Yes No Yes Yes No
Black EA, et al.[17] Yes No No Yes Yes
Fu CY, etal.[18] Yes No Yes No No
Abrassart S, et al. [19] No No No No Yes
El-Haj M, et al. [20] Yes No Yes Yes Yes
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Authors FAST DPL X-ray (pelvis) CT-scan Angiography
Cheng M, etal.[21] Yes Yes Yes Yes Yes
LustenbergerT, et al. [22] Yes No Yes Yes Yes
Ron G, et al. [23] Yes Yes Yes No No
Chiara O, et al. [24] Yes No Yes Yes Yes
Gaski A, et al. [25] Yes No Yes Yes Yes
Hermans E, et al. [26] Yes No Yes Yes Yes
Burlew CC, et al. [27] Yes No No Yes Yes
Leung HCA, et al. [28] Yes No No Yes Yes
Pieper A, et al. [29] Yes No Yes No Yes
Chou CH, et al. [30] Yes No Yes Yes Yes
Lee MA, etal. [31] Yes No No Yes Yes
Frassini S, et al. [32] Yes No Yes Yes Yes
[to K, et al. [33] Yes No No Yes No
Frassini S, et al. [34] Yes No Yes Yes Yes
Hundersmarck D, et al. [35] Yes No Yes Yes Yes
Magnone S, et al. [36] Yes No No Yes Yes
Tiziani S, et al. [37] No No No NA NA
Fonseca VC, et al. [38] Yes No Yes Yes Yes
Jang JY, et al. [39] Yes No No Yes Yes
Tuchayi AM et al. [40] Yes No Yes Yes Yes

Table 5 Evaluation of pelvic stabilization methods

Authors Pelvic fixation External fixation C-Clamp INFIX Rescue Screws ORIF
Evers BM, et al. [9] Yes UNK UNK UNK UNK UNK
Gruen GS, etal. [10] Yes No No No No Yes
van Veen IH, etal. [11] Yes Yes No No No Yes
Bifff WL, et al. [12] Yes UNK Yes UNK UNK UNK
Cook RE, et al. [13] Yes Yes No No No No
Croce MA, et al. [14] Yes No No No No Yes
Totterman A, etal. [15] UNK UNK UNK UNK UNK UNK
Jeske HC, et al. [16] Yes Yes No No No No
Black EA, et al. [17] Yes Yes No No No Yes
FuCY, etal.[18] No No No No No No
Abrassart S, et al. [19] Yes Yes No No No No
El-Haj M, et al. [20] Yes Yes No No No Yes
Cheng M, etal.[21] Yes Yes No No No No
LustenbergerT, et al. [22] Yes UNK UNK UNK UNK UNK
Ron G, et al. [23] No No No No No No
Chiara O, et al. [24] Yes Yes No No No No
Gaski IA, et al. [25] No No No No No No
Hermans E, et al. [26] Yes Yes Yes Yes No Yes
Burlew CC, et al. [27] Yes UNK UNK UNK UNK UNK
Leung HCA, et al. [28] Yes Yes Yes No No No
Pieper A, et al. [29] No No No No No No
Chou CH, et al. [30] No No No No No No
Lee MA, et al. [31] Yes Yes No No No No
Frassini S, et al. [32] Yes Yes UNK UNK UNK UNK
lto K etal. [33] No No No No No No

Frassini S, et al. [34] Yes UNK UNK UNK UNK UNK
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Authors Pelvic fixation External fixation C-Clamp INFIX Rescue Screws ORIF
Hundersmarck D, et al. [35] Yes Yes No No No Yes
Magnone S, et al. [36] Yes Yes No No No No
Tiziani S, et al. [37] Yes Yes No Yes Yes Yes
Fonseca VC, et al. [38] Yes Yes No No No No
Jang JY, et al. [39] Yes Yes No No No No
Tuchayi AM et al. [40] Yes Yes No No No No
Table 6 Evaluation of interventions for hemorrhage control

Authors Laparotomy Pelvic packing Angioembolization REBOA
Evers BM, et al. [9] Yes UNK No No
Gruen GS, et al. [10] No No Yes No
van Veen IH, etal. [11] Yes Yes Yes No
Biff WL, et al. [12] Yes UNK No No
Cook RE, et al. [13] Yes UNK No No
Croce MA, et al. [14] No No No No
Totterman A, et al. [15] UNK UNK No No
Jeske HC, et al. [16] Yes UNK Yes No
Black EA, etal. [17] Yes Yes No No
Fu CY, etal.[18] Yes UNK Yes No
Abrassart S, et al. [19] Yes Yes Yes No
El-Haj M, et al. [20] No No No No
Cheng M, et al. [21] Yes Yes Yes No
Lustenberger T, et al. [22] Yes Yes Yes No
Ron G, et al. [23] Yes Yes No No
Chiara O, et al. [24] Yes Yes Yes No
Gaski IA, et al. [25] Yes Yes No No
Hermans E, et al. [26] Yes Yes Yes No
Burlew CC, et al. [27] Yes Yes No Yes
Leung HCA, et al. [28] Yes Yes Yes No
Pieper A, et al. [29] Yes UNK No Yes
Chou CH, et al. [30] No Yes Yes No
Lee MA, etal. [31] Yes Yes Yes No
Frassini S, et al. [32] UNK Yes Yes No
[to K, et al. [33] Yes UNK Yes Yes
Frassini S, et al. [34] UNK Yes Yes Yes
Hundersmarck D, et al. [35] Yes Yes Yes No
Magnone S, et al. [36] Yes Yes No No
Tiziani S, et al. [37] Yes UNK Yes No
Fonseca VC, et al. [38] Yes Yes No No
Jang JY, et al. [39] Yes Yes No Yes
Tuchayi AM et al. [40] Yes Yes Yes Yes
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CT-scan  Computed Tomography scan
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