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Abstract. Due to the complexity of the pelvic fractures, several methods and implants have been used for
stabilising these injuries. In polytrauma patients, where the hemodynamic stability is severely threatened,
achieving pelvic stability is a method of resuscitation and it must be performed urgently, with the less
invasive procedure. The main goal is saving the patient’s life and the general rule of adapting the treatment
to the patient status is particularly important in unstable patients, where the principles of Damage Control
(DC) must be applied. This retrospective study evaluates polytrauma patients with pelvic fractures treated
in a Level 1 Trauma Centre in order to verify the efficacy of the chosen methods of treatment. The
hemodynamical stability of the patients as well as the mechanical stability of the fracture was assessed
thus resulting adapted algorithms to be applied. The authors underline that the flexible multidisciplinary
evaluation, treatment and monitoring are mandatory for these severely injured patients with a high risk of
general complications. Pelvic fractures stabilisation in polytrauma aims both mechanical and haemodinamical
stability, thus requiring personalised decisions and implants, as well as a multidisciplinary team to assess

and treat the patient.
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Introduction

Ithough consensus has not yet been achieved

regarding the definition of polytrauma, this
term usually refers to severely inured patients. The
most frequently used score is the Injury Severity
Score (ISS), and one of the most frequently used
definition of polytrauma refers to associated injuries
with an ISS >16, with at least one threatening injury.
[1] Regardless of the definition used, a unanimously
accepted characteristic of polytrauma is the onset of
a Systemic Inflammatory Response Syndrome (SIRS),
due to multiple pathways.[2] Any circumstance which
negatively interacts with the traumatised patient with
SIRS can enhance this inflammatory status and is
therefore known as “Second Hit”.[3]. This pathologic
status can be enhanced by multiple circumstances,
therefore called “Second Hit”, which can be endogenous
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(known as “ Antigenic load”)- such as hypoxia due to
an acute respiratory insufficiency, acute hemodynamic
instabilities, ischaemia/reperfusion injuries, infections,
or exogenous (known as “interventional or surgical
load”), such as massive transfusions or aggressive
surgical procedures, with bleeding or large tissular
involvement.[4]

It must thus be underlined that any therapeutical
manoeuvre has not only a beneficial effect, but also
generates a supplementary inflammatory cascade,
which not only overlaps but enhances the already
installed SIRS, acting as a “Second Hit”, impairing
healing and increasing the risk of general complications,
such as Acute Respiratory Distress Syndrome (ARDS),
Multiple System Organ Failure (MSOF) and death. In
order to avoid such situations, the concept of Damage
Control (DC) refers to choosing the method which
prevents or minimises the “Second Hit “phenomenon,
depending on the patient status. [5,6]

Polytrauma patients with pelvic fractures still
represent a challenge for modern traumatology,
as mortality can be up to 40-80% in patients with
haemodinamical instability.[7] The severity of the
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pelvic injury depends of the stability of the fractures,
determined by the traumatic energy and the direction
of the injuring force. Form an anatomical point of
view, the pelvic ring is composed by anterior arch (the
pubic symphysis and the pubic rami) and the posterior
arch (the sacrum, the ilium-sacral joints and the iliac
bones, up to the acetabular posterior wall. The stability
of the pelvic fractures depends on the integrity of the
posterior arch: according to the classification proposed
by Tile if it is intact (the injury affects only the anterior
arch), the fracture is stable, type A; if the posterior
arch is incompletely disrupted, the fracture is partially
stable, type B, and if it is completely disrupted, the
fracture is unstable (type C).[8]

Due to the fact that bleeding in an unstable pelvic
fracture can be life threatening, stabilisation of these
fractures is considered a resuscitative measure, but
the method of stabilisation must be chosen according
to the DC principles, so as to prevent the “Second Hit
“Phenomenon. The purpose of this paper is to evaluate
the results of implementing the DC rules in a group of
polytrauma patients with pelvic fractures in a Level 1
Trauma Centre.

Material and Method

The authors retrospectively analyse 44 polytrauma
patients with pelvic fractures admitted in our hospital
(Clinical Emergency Hospital) between 01.01.2013 -
01.01.2016, for which medical records provided complete
data regarding the criteria chosen for evaluation:
demography, type of accident, the stability of the fracture,
the hemodinamical stability of the patients, the associated
injuries and the main characteristics of the treatment:
time from trauma to admission, time from admission to
surgery, type of bony stabilisation (external, internal),
local and general outcome during the hospital stay. The
results were analysed in order to establish potential
therapeutic guidelines. This study group does not contain
all polytrauma patients with pelvic fractures treated in that
period, but only those with complete medical records.

Results

The demographic analyse regarding age and gender is
represented in Figure 1, underlining the fact that most of
the affected people are young and active, therefore early
proper treatment is of great importance for the survival
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Fig.1. Demographic structure (a) and associated
injuries (b) in the study group

and subsequent social and professional reinsertion of
these patients.

The demographic analyse regarding age and gender is
The associated injuries within polytrauma, as represented
in Figure 1b, affected most of the organs and systems.
As it ca be seen, the most frequently associated were
head and lung injuries, correlated with the considerable
percentage of borderline and unstable patients.

Regarding the type of the injury, 39/44 patients were
victims of traffic accidents, 3 suffered work accidents and
2 fell form height. The pelvic injuries were evaluated using
imaging protocol; an initial AP X-ray was mandatorily
performed, followed by 3D CT with reconstruction,
which was indicated in all the cases, regardless of
supplementary inlet/outlet incidences. Considering the
stability of the fractures, 14 patients had stable fractures
(type A), 4 had partially stable (type B) and 26 patients
had unstable (type C) fractures, the anatomical injuries
being presented in Table I.

Type A Type B Type C

Pubic symphysis 8 3 16
disruption

Pubic rami fractures 6 1 8
Associated 1+2 2
Sacral fracture 2
Incomplete (anterior) 4
Sacro-iliac dislocation

Complete sacro-iliac 19
dislocation

Associated 4+5/6 1
Iliac fracture

Sacro-iliac fracture- 4
dislocation

Total 14 4 26

Tabel I. The type of the fractures in the study group
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The haemodinamical stability of the patients was
evaluated by the medical team in the moment of
admission and analysed in this paper according to the

medical records, the results being presented in Table II

Type A- Type Type C-
stable B-partially  unstable
stable
Stable 6 3
Borderline 2 7
Unstable 6 1 13

Tabel II. The stability of the fractures and the
general status of the patients

The therapeutic protocol depended on the patient
and fracture status:

«in stable patients with stable and partially
unstable fractures, conservative treatment
was recommended; depending on the type of
bony injuries, bed rest followed by progressive
ambulation was indicated; in partially stable
fractures, a binder was installed and maintained
for at least three weeks;
in unstable patients with stable or partially
unstable pelvic injuries (9 patients) the source
of instability was primarily searched outside
the pelvis, without a total exclusion of a pelvic
bleeding; in two cases of unstable patients with
stable (1) and partially stable (1 patient) fractures
since no extra-pelvic injury could explain the
persistent haemodynamical instability, an intra-
pelvic bleeding was supposed; angiography
was performed in one case, demonstrating
an arterial bleeding (which was embolised)
and pelvic packing was indicated in the other
case. The outcome was favourable for both
the patients who survived without any other
complications; bony injury was not stabilised
in none of these cases. In the rest of the cases,
the bleeding was extra pelvic and addressed by
emergency surgery; two patients died because of
severe abdominal injuries, with no connection
with the pelvic fracture
in stable patients with unstable fractures (6
cases), surgical stabilisation of the pelvic injuries
by Open Reduction Internal Fixation (ORIF)
was performed, but not as an urgent procedure;
symphysis disruption and the rest of anterior
injuries were operated using plates and screws
through an ilio-inguinal approach (5 cases)
while posterior injuries were addressed by sacro-
iliac screws (2 cases) and sacral bars (3 cases).
In one case, a Morrell- Lavallee degloving on
one hip was considered to enhance the septic
risk for ORIF, so external fixator (ExFix) was
used for stabilising the fractures; it must be
underlined that the patients were repeatedly re-
evaluated and they remained stable throughout
the interval of time from the first evaluation
until surgery, otherwise the type of stabilisation
would have been different
« in borderline and unstable patients with unstable

.

.

fractures, DC principles were followed and
initially an ExFix was urgently used to stabilise
the fracture until the patient became stable
enough to withstand the ORIF procedures. The
pins were placed in the iliac crest (18 cases) and
~supra-acetabular (2 cases) and; ExFix was kept
for at least 2 weeks (14 days- 38 days) with good
tolerance and good results.

Other important parameters analysed were time from
trauma to admission and time form admission to surgery.
Regarding the first one ( Figure 2), time from trauma to
admission varied from 1 h to more than 24 hours, when
the patients were first referred to other hospitals, then
sent to the Level 1 Trauma centre.
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Fig.2. Time from trauma to admission (a) and
from admission to surgery

As presented in this figure, not all the patients (even
unstable) are sent to the proper facility in due time; since
unstable patients were still admitted even after 24 hours,
corrective measures regarding healthcare providers are
necessary so as these patients get the proper treatment,
including early stabilisation; the fact that all the patients
arriving within 1 hour after trauma were borderline or
unstable is typical for a \level 1 Trauma Centre were the
most severe cases are usually referred.

Regarding the time between admission and surgery,
unstable patients require immediate corrective measures
for the cause of hemodynamic instability, pelvic or extra
pelvic, that is why they have been operated within 1 hour
after admission; in stable patients longer intervals are
allowed because the systemic impact of bleeding form
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the pelvic injury does not require immediate intervention

The study group was also evaluated from the point
of view of the complications and their relation with
the pelvic injury and its’ treatment. So, since the type
of treatment ( DC or primary ORIF depends mainly
on the status of the patient), the general complications
were analysed regarding stable/unstable patients (Table
III), while local complications referred to the practical
method of fixing the fracture. ( Table IV)

ARDS MSOF Death
Stable 1 0 0
Borderline 1 1 1
Unstable 3 2 2

Tabel III. General complications related to the
initial status of the patient

Superficial DEEP Implant ~ Malunion
sepsis SEPSIS failure
DC 3 0 2 2
Primary
ORIF 1 0 1 0

Tabel IV. Local complications
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Fig.3. The incidence of local (a) and systemic (b)
complications in the study group

Since the evaluation of the complications must be
related to the number of patients in each subgroup,

the incidence of local and systemic complications was
established , as presented in Figure 3 a,b; regarding the
local complications, the incidence of superficial sepsis was
comparable for DC and ORIF, while implant failure was
more frequent in the DC subgroup , due to deterioration
of external fixation in 2 patients in the DC subgroup and
1 patients in the ORIF subgroup; as for the malunions,
they appeared in 2 patients with DC; both patients were
haemodynamically unstable and the main purpose was
to stabilise the patient, that is why the reduction of the
pelvic fracture was fair, not anatomical; due to the general
complications of the patient, ORIF was performed more
than 3 weeks after trauma, when anatomical reduction
would have required invasive manoeuvres, which were
avoided, a residual displacement being considered
acceptable under these circumstances.

Discussions

Treating pelvic fractures in polytrauma patients is
challenging due to several particular characteristics
determining the high mortality of these severe injuries.
In order to properly approach them, it must be
underlined that the term “pelvic fractures” has the same
meaning as “pelvic injuries’, since they both refer to any
disruption of the pelvic ring, involving not only injuries
of the bones, but also of the structures maintaining the
stability of the pelvis: ligaments, articular capsules, thus
generating displacement of different regions of the ring.
The degree of displacement is described as “instability” of
the fracture and there is a direct correlation between the
instability of the fracture and its’ systemic impact, due to
bleeding which is more likely to be significant when the
fracture is unstable.

Bleeding in pelvic fractures can originate from the bony
fragments, or can have a vascular source, most frequently
venous (90%), while only 10% of the severe bleeding have an
arterial cause. Due to the limited haemostatic capacity of the
pelvic ring (which can expand due to unstable fractures, thus
increasing the potential bleeding space), any haemorrhage
within this area needs an external vigorous counteraction, as
the intact retroperitoneal space can accumulate 5L of fluid
with a pressure rise of only 30 mmHg, creating a devastating
systemic impact, which have been extensively studied. A
study published in 1997 evaluated the overall mortality
for patients with pelvic fractures to be 10.5 percent, with a
1.4 fold increase in mortality compared to trauma patients
without pelvic fractures [11] and data published in 2012
from the German Trauma Registry revealed that 4% of
trauma patients (238/5340) listed in the German Pelvic
Trauma Registry between April 30, 2004 and July 29, 2011,
died a median of 2 days after trauma, with massive bleeding
as the main cause of death (34%), with pelvic origin in 62%
of the cases. [12]

In polytrauma patients, these aspects are even more
severe, since pelvic injuries contribute to enhancing
the systemic impact of the other injuries, Due to these
aspects, pelvic fracture stabilization is considered a
resuscitative measure and is included into the immediate
urgent procedures to be performed after vital functions
assessment and restoration.

Pelvic fracture stabilization can be performed
by various methods, each of them having a systemic
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impact, which must be properly evaluated, as to avoid
the “Second Hit” phenomenon, which is more likely to
appear in polytrauma patients, due to the post-traumatic
systemic inflammatory response. Therefore, the Damage
Control principles refer to choosing the method which
allows fracture stabilisation with the minimum systemic
aggression, thus allowing the patient to survive until
definitive surgery can be performed. Basically, pelvic
injuries can be fixed using either an internal invasive
procedure (usually known as Open Reduction Internal
Fixation) or a minimally invasive Damage Control-type
procedure, represented by an external method- from the
most simple pelvic binder to the external devices: Iliac
or Supra-Acetabular External Fixators (for the anterior
ring) or C-clamps (for the posterior ring). [13, 14]

The essential thing when choosing the procedure in
polytrauma patients is therefore not the fracture itself, but
the status of the patient, thus creating practically 4 types
of polytrauma patients with pelvic injuries; for which
separate algorithms were applied within our study group

a. Haemodynamically stable, mechanically stable.

(Figure 4a) In this situation, the fracture is treated
conservatively; careful monitoring of the patient is
necessary, for to maintain the general stability

b. Haemodynamically stable, mechanically unstable.

(Figure 4b). In this situation, fracture pattern,
evaluated by CT scan requires surgical intervention,
but this does not have an absolute indication for
emergency surgery; if the patient remains stable,
ORIF can be used for definitive fracture care, since
the patients can withstand this type of intervention

Polytrauma patient with pelvic injury

Haemodynamically Mechanically I
T [

NO need for emergency
surgery

No need for pelvic stabilization |
(a)

Polytrauma patient with pelvic injury

I Haemodynamically I I Mechanically |

O [ o | [ | [

T~ «

NO emergency surgery
required

| CT-evaluate the fracture |

DEFINITIVE TREATMENT=
STABILISATION-ORIF

(b)

Fig.4. Stable polytrauma patients-treatment for
stable (a) and unstable (b) pelvic fractures in
stable polytrauma patients

¢. Haemodynamically unstable, mechanically stable
(Figure 5a) - in this situation, the skeletal injury
does not need emergency surgery (sometimes a
binder can be useful), but the main problem is that
the patient has a major source of bleeding; since the
pelvis is stable, the most probable situation is that
the bleeding site is outside the pelvic ring; it must
be found and stopped; if any extra-pelvic source is
not found OR it is found, treated and the patient
is still haemodynamically unstable, then a pelvic
source of bleeding must be presumed; due to the
fact that the fracture is stable, the source must be
vascular, either arterial (needing angiography and
embolization) or venous (needing for example
packing); its characteristics, established based on
the multidisciplinary approach of the patient, must
guide to the proper treatment so as to stabilise the
patient. It is to be underlined that a pelvic bleeding
must not be excluded even if the fracture is stable,
in the situation of persistent haemodinamical
instability

Polytrauma patient with pelvic injury

Haemodynamically Mechanically
e

| No need for emergency treatment for bony injury. |

| Look primarily for bleeding elsewhere ‘

{chest/abdomen).
Found ‘ l, '_\’ot found '
: Stop the bleeding

Angiography/embolisation
Laparotomy/pack pelvis.

Fig.5. Unstable polytrauma patient with stable
pelvic injury

d. Haemodynamically ~ unstable, =~ mechanically
unstable (Figure 5a, b). This is the most severe
situation, a life-threatening condition in which
urgent resuscitative measures are necessary. From
the point of view of the skeletal injury, the first
thing to do is to put a binder, in order to decrease
mechanical instability and the pelvic volume,
as well, while looking and treating extra-pelvic
sources of bleeding. After putting the binder and
approaching the extra-pelvic bleeding, there are
two possibilities:

1. The patient becomes stable (Figure 6a) in this
situation a complete paraclinic evaluation,
including a CT scan with 3D reconstruction
can be performed, as long as the patient
remains stable; following evaluation, fracture
stabilization must be achieved, and, although
the patient is stable , it is debatable whether
minimal invasive external fixation external or
ORIF should be used; the decision can also
be influenced by the associate injuries and
simultaneous interventions, but the skeletal
injury must be approached so as to minimise
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its’ systemic impact, so as to be as protective
as possible for the patient.

Polytrauma patient with pelvic injury
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Fig.6. Treatment of unstable pelvic fractures in
unstable polytrauma patients

2. The patient remains unstable (Figure 6b),
meaning that there is still a major source of
bleeding, either extra-pelvic (which must
be stopped), either pelvic; in this situation,
the imagistic evaluation by CT (which is
of great value) must be performed only if
proper surgical treatment is not delayed,
due to administrative features- such as the
position of the CT scan or the time necessary
to perform it; the possibility of performing a
complete scan evaluation in the trauma OR
would totally exclude the risk of delaying but
it needs special local conditions; otherwise,
the patient needing urgent surgery must
be taken to the OR where all the bleeding
sources must be identified and tackled; as
for the skeletal injury, given the mechanical
instability, fracture fixation is mandatory,
using a Damage Control Procedure due to
the instability of the patient and associated
injuries; when haemodinamical instability is
persistent even after fracture stabilization, and
the evaluation of the patient indicates with
high probability a pelvic arterial bleeding, if
the angiography service is available in due

time, angiography followed by embolization
is indicated; if the instability is persistent even
after fracture fixation. And the characteristics
of the patient strongly suggest a venous pelvic
bleeding, pelvic packing can be associated to
fracture stabilization.

This algorithm was applied in the study group, with
the above mentioned results. It is to be underlined
that the mortality in our group is comparable to that
described in the literature, with the comment that
borderline patients can be easily transform into unstable
and have a negative outcome. In our group, the general
complications appeared mainly in the unstable and
borderline patients, but due to the protective role of DC
mortality was relatively low. Due to the fact that stable
patients were operated under controlled circumstances,
when the risk of the second hit was considerably
diminished by the efficient treatment applied before
surgery, no general complications appeared in this
group, except for one case, who developed ARDS
, following a pulmonary contusion .It is still to be
underlined that potential general complications must
not be excluded even in stable patients, especially
because the systemic inflammatory response which can
generate variable reactions of the organ and systems.

Conclusions

Pelvic fractures in polytrauma patients are a life
threatening condition, needing a multidisciplinary
approach, repeated evaluation and a therapeutic
protocol focused on assessing the haemodinamical
stability of the patient while minimising the risk of the
“Second Hit” phenomenon. Depending on the pattern of
the fracture, several methods of stabilization have been
described, but in these patients, mechanical stability of
the pelvic injury has to approach in correlation with the
status of the patient. In unstable patients with pelvic
fractures, when saving the life of the patient is the main
goal of the team, DC is a valuable tool for stabilizing
the fracture while diminishing the risk of systemic
complications.
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