DOI: 10.1590/0100-699120140040011

Original Article

Comparative analysis between identified injuries of victims of fall
from height and other mechanisms of closed trauma

Andlise comparativa dos fatores preditivos de morte em vitimas de trauma

fechado com fraturas pélvicas

Jost GusTavo Parrera’; Lucas R. Kanamori?; GUILHERME C. J. VALINOTO?; JACQUELINE A. GIANNINI PERLINGEIRO'; SiLvia CRISTINE SOLDA';

Jost Cesar Asser?

ABSTRACT

Objective: to identify predictors of death in blunt trauma patients sustaining pelvic fractures and, posteriorly, compare them to
a previously reported series from the same center. Method: Retrospective analysis of trauma registry data, including blunt
trauma patients older than 14 y.o. sustaining pelvic fractures admitted from 2008 to 2010. Patients were assigned into group 1
(dead) or 2 (survivors). We used Student’s t, qui square and Fisher’s tests for statistical analysis, considering p<0.05 as significant.
Posteriorly, we compared predictors of death between both periods. Results: Seventy-nine cases were included. Mean RTS, 1SS
and TRISS were, respectively, 6.44 + 2.22, 28.0 + 15.2 e 0.74 + 0.33. Nineteen patients died (24,0%). Main cause of death was
hemorrhage (42,1%). Group 1 was characterized by (p<0.05) lower systolic blood pressure and Glasgow coma scale means on
admission, higher heart rate, head AlS, extremity AIS and ISS means, as well as, higher frequency of severe head injuries and
complex pelvic fractures. Comparing both periods, we notice that the anatomic and physiologic severity of injury increased (RTS
and ISS means). Furthermore, there was a decrease in the impact of associated thoracic and abdominal injuries on the prognosis
and an association of lethality with the presence of complex pelvic fractures. Conclusion: There were significant changes in the
predictors of death between these two periods. The impact of thoracic and abdominal associated injures decreased while the
importance of severe retroperitoneal hemorrhage increased. There was also an increase in trauma severity, which accounted for

high lethality.
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INTRODUCTION

Pelvic fractures occur in about 2% of blunt traumas, with
an incidence of 23/100,000 inhabitants in large cities,
and mortality between 4% and 23% '2. Most fractures of
the pelvis are stable and do not result in massive
retroperitoneal hemorrhage; only 10% can be classified as
“complex”, characterized by instability and severe
retroperitoneal bleeding 2.

The energy required to break the pelvic ring is
also responsible for injury to other organs. About 90%
of trauma patients with pelvic fractures have associated
injuries, mainly located in the limbs and in the cephalic
region 3. Abdominal injuries may be present in up to
40% of cases "*°. In the presence of severe injuries in
other body segments, such as head and abdomen,
mortality can reach 50% ¢. For this reason, the mere
presence of a fracture of the pelvis indicates severe trau-
ma, with a greater chance of progressing to complications
and death .

Several studies found that the prognosis of
traumatized with pelvic fractures is mainly related to the
severity of associated injuries, and not to the complexity of
the fracture itself '7-'°. Demetriades et al. & reported in 2002
that of 16,630 trauma patients with pelvic fracture, only
0.8% died from complications directly related to the
fracture. Other studies have also found that the majority of
deaths in patients with pelvic fractures was not directly
related to them, but to associated injuries *°.

In general, the literature does not correlate the
complexity of pelvic fracture and its mechanical stability
with worse prognosis °. However, despite being a rare
condition, severe retroperitoneal hemorrhage (SRH) is
potentially lethal. Miller et al. ® observed in 2003 that of
1,171 traumatized patients admitted with pelvic fractures,
only 35 (0.3%) had hypotension due to retroperitoneal
bleeding. However, in these cases the mortality reached
54%. It is believed that retroperitoneal bleeding may cau-
se 7-33% of deaths when present in patients with pelvic
fractures 7.

1. Emergency Service, Irmandade da Santa Casa de Misericordia de Sao Paulo, Department of Surgery, Faculty of Medical Sciences, Santa Casa
de Misericérdia de Sao Paulo; 2. Faculty of Medical Sciences, Santa Casa de Misericordia de Sao Paulo.
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In our service, we noticed an increase in the
lethality of the blunt trauma with pelvic fractures in recent
years '. Our hypothesis is that this is related primarily to an
increase in the anatomical and physiological severity of trau-
ma, with an increasing role of severe retroperitoneal
hemorrhage as main cause. The aim of this study was to
analyze the predictors of death in victims of blunt trauma
with pelvic fractures.

METHODS

This study was approved by the Ethics in Research
Committee of the Irmandade da Santa Casa de Misericor-
dia de Sao Paulo (Opinion 294,227, of 06.13.2013).

At the Emergency Department of the Irmanda-
de da Santa Casa de Misericérdia de Sao Paulo (ISCMSP),
we prospectively collected data of all admitted trauma
patients in the emergency room from 2008 to 2010, in
order to form a trauma registry for the service quality control.
Data were originally collected by surgical residents on
patient admission and, subsequently, by the service assisting
physicians during hospital stay until discharge. The
information was stored in a database.

We conducted a retrospective analysis of the
information contained in this trauma registry, including data
from blunt trauma victims over the age of 13 years and
closed fractures of the pelvis, admitted between 2008 and
20009. Patients with isolated acetabular fractures were not
included. Records where the information were not accurate
were excluded.

We collected information about the mechanism
of injury, admission vital signs, complementary exams,
lesions diagnosed, as well as their severity and treatment.
For analysis, we considered all variables noted in over 90%
of the protocols. For analysis of the causes of deaths, we
considered as “major cause” the one directly determining
death. Even if other potential causes were present, we did
not consider them the “major cause” if they were not directly
linked to death. When more than one “major cause” was
identified, we considered as being an “association of
factors”.

Severity stratification was performed with the
following trauma indices: Glasgow Coma Scale (GCS) "2,
Revised Trauma Score (RTS) '3, Abbreviated Injury Scale
(AIS) ™, Injury Severity Score (ISS) ™ and TRISS'®.

The GCS stratifies the level of consciousness of
the traumatized using parameters of eye opening, verbal
response and motor response, ranging from 3 to 15. The
RTS is a physiological index that uses systolic blood pressure,
respiratory rate and Glasgow coma scale, ranging from 0
to 7.8408. The AIS is an organic injury severity scale
published by the Association for the Advancement of
Automotive Medicine — AAAM. Each organ has lesions
grouped in increasing severity, ranging from 1t0 6. AlS = 1
injuries are defined as “minor”, the AlS = 2, “moderate”,

AIS =3, “severe”, AlIS =4, "very severe”, AlS =5, “critical”
and AIS = 6, lethal. The ISS is an anatomical index based
on the AIS organic injury scale. The lesions are grouped
into six segments: head and neck; face; chest; abdomen;
extremities and bony pelvis; and external. The most serious
injuries of the three most severely affected segments are
selected, the sum of their squares being the ISS score. The
TRISS is an index that allows the calculation of the probability
of survival based on the variables mechanism of injury, age,
RTS and ISS.

In this study, we considered as “serious” injuries
with AIS e” 3in the different body segments. We used the
classification of Key and Conwell modified by Kane (KCK)
to stratify the severity of fractures of pelvis . In this
classification, type | fractures are those that do not
compromise the pelvic ring; type Il fractures compromise
the pelvic ring in one point; and the type lll affect it in more
than one point. We considered as complex the type-Iil pelvic
fractures. Fractures of the pelvis were also classified
according to Tile into types A (stable, minimally deviated),
B (rotationally unstable but vertically stable) and C
(rotationally and vertically unstable) ™.

In the Emergency Department of Santa Casa de
Misericérdia de Sao Paulo, the treatment protocol for victims
of trauma with pelvic fractures involves a multidisciplinary
care even in the early stages, including performing FAST
(Focused Assessment Sonography for Trauma), chest and
pelvis radiography, as well as arterial blood gases analysis
in the admission room. In the presence of hemorrhagic shock
and pelvic instability, the protocol of resuscitation is triggered,
with packed red blood cells, fresh frozen plasma (FFP) and
platelets in the ratio 1:1:1, immobilization of the pelvis with
sheets is held in conjunction with the orthopedic surgeons
in the admission room and, if there is no other hemorrhagic
focus in need of operative treatment, selective angiography
of the iliac vessels and their branches is indicated. In the
presence of other foci of concomitant bleeding, the patient
is sent to the operating room for hemostasis, the pelvic
bleeding being controlled with external fixation of the pelvis
(in the case of orthopedic indication) and / or preperitoneal
tamponade with surgical packs.

Victims of closed trauma with pelvic fractures
were separated into two groups: Group 1: Death within 30
days of trauma; and Group 2: Survivors.

Variables were compared between the two
groups to identify predictors of death. We used the chi-
square test for evaluation of qualitative variables. For the
analysis of numerical variables, we used the Student's t,
and the Fisher’s exact test, when necessary. We considered
p < 0.05 as significant.

RESULTS

Seventy-nine patients were included, 69.6%
males, aged between 14 and 87 years (mean 41.0 + 18.9
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years). The most common mechanisms of injury was
trampling in 36 cases (45.6%), falls from height in 24
(30.4%), accidents involving motorcyclists in 15 (19.0%)
car accidents in 4 (5.1%). The mean systolic blood pressure
(PAS) and GCS on admission were respectively 110.0
46.5 mmHg and 12.3 £ 4.2. The mean RTS, ISS and TRISS
were 6.44 + 2.22,: 28.0 + 15.2 and 0.74 + 0.33,
respectively.

Severe injuries were present in head, chest, ab-
dominal and extremity segments in respectively 25 (31.6%),
24 (30.4%), 27 (34.2%) and 71 cases (89.9%). Two
craniotomies, one thoracotomy and 19 laparotomies were
performed, ten of which non-therapeutic.

Pelvic fractures were classified as types A, B and
C(Tile)in 45, (61.6%) 15(20.5%) and 13 (17.8%) patients,
respectively. Six cases could not be classified. According to
the classification of KCK, fractures were Types|, lland lllin
35, (43.5%) 18 (23.4%) and 20 (26.0%) individuals,
respectively. Six cases could not be classified. Of the 79
patients, 7 (8.9%) underwent angiography / embolization
within the first six hours of admission, 18 underwent early
external fixation in the operating room, and four were
submitted to preperitoneal packing.

Nineteen patients died (24%). The more frequent
causes were hemorrhagic shock in eight cases (42.1%),
head trauma in 6 (31.6%), infection in 3 (15.8%), pulmonary
embolismin 1(10.4%) and cardiac arrhythmiain 1(10.4%).
Of the patients who died, 68.4% had severe lesions in the
cephalic segment, 31.6% in the thorax, 35% in the
abdomen and 100% in the extremities. The KCK Il fractures
were identified in 61.1%, and Tile C, in 50%.

In the comparison of numerical variables between
groups 1 and 2, we noted a statistically significant difference
in mean SBP at admission (p <0.001), heart rate at

admission (p = 0.024), GCS (p = 0.006), RTS (p = 0.004),
AlS head segment (p <0.001), AIS extremities (p <0.001),
ISS (p <0.001), TRISS (p <0.001), volume of intravenous
crystalloid on admission (p = 0.003) and volume of RBC
infused at admission (p = 0.006) (Table 1).

In the comparison of qualitative variables
between groups 1 and 2, it was noted that patients who
died had a higher frequency (p <0.05) of serious injury in
head segment of Tile C fractures, fractures of KCK IIl,
surgical phlebotomy the inlet area, orotracheal intubation
in the admission area, fixation of the pelvicinlet area, non-
treatment laparotomy and associated diseases (Table 2).
Patients with pelvic fractures Tile C KCK and IIl had higher
lethality to the others (Table 3).

As for the comparison between the two periods,
we observed that the most recent sample displayed a
significantly higher mean age (p = 0.012), lower mean RTS
(p = 0.008), higher mean chest AIS (p = 0.031), AIS
extremities (p <0.001), ISS (p <0.001) and lower average
TRISS (Table 4).

In the study published in 2000, the factors
predicting mortality were age, as well as injuries with AIS > 2
in the head, chest and abdomen. When comparing with
this series, we noted that only injuries with AIS > 2 in the
head persisted with significant association with mortality.
Whereas in the first study we did not find study we observed
an association between the complexity of the fracture and
mortality, in this period it was clear (Table 5).

DISCUSSION

The lethality of the victims of pelvic fractures
decreased significantly in recent decades, mainly due to

Table 1 - Comparison of mean = standard deviation of the numeric variables between groups 1 (deaths) and 2 (survivors) .
Variable Group 1 Group 2 p
(Deaths) n=18 (Survivors) n=61

Age 46.2 + 25.6 anos 394 + 16.2 anos 0.316
Systolic blood pressure at admission 66.3 + 54.6 mmHg 124.0 + 33.7 mmHg <0.001
Heart rate at admission 109.9 + 26.3 bpm 942 + 18.2 bpm 0.024
Respiratory rate at admission 16.3 + 12.3 ipm 189 + 8.6ipm 0.420
Glasgow coma scale 96 + 438 132 + 36 0.006
Revised trauma score 4.70 + 2.85 701 + 1.64 0.004
AIS head 29 + 2.1 0.9 + 1.4 0.001
AIS thorax 1.3 + 1.6 1.0 + 1.5 0.497
AIS abdomen 1.2 + 1.6 14 + 1.8 0.556
AIS extremities / bone pelvis 46 + 0.7 32 + 13 <0.001
Injury Severity Score 409 + 114 237 + 139 <0.001
TRISS 043 + 0.36 0.84 + 0.25 <0.001
Volume crystalloids at admission 44285 +2234.8 ml 2425.0 +1398.0 ml 0.003
Volume packed red blood cells at admission 552.6 + 665.3 ml 70.0 + 2492 ml 0.006

AIS: Abbreviated Injury Scale
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Table 2 - Comparison of the frequencies of qualitative variables between groups 1 (deaths) and 2 (survivors).
Variable Group 1 Group 2 p
(Deaths) n=18 (Survivors) n=61
Severe injuries in head segment 68.4% 20.0% <0.001
Severe lesions in the thoracic segment 31.6% 30.0% 0.896
Severe lesions in the abdominal segment 35.0% 31.6% 0.784
Severe injuries in extremities 100.0% 86.7% 0.098
KCK type Ill fractures 61.1% 15.3% 0.004
Tile C fractures 50.0% 7.3% <0.001
Male gender 63.2% 71.7% 0.482
Associated comorbidities 31.6% 1.7% <0.001
Orotracheal intubation at admission 73.7% 21.7% <0.001
Thorax drainage at admission 15.8% 13.3% 0.788
Vain dissection at admission 42.1% 5.0% <0.001
Pelvic fixation in OR 42 1% 16.7% 0.021
Angiography and embolization 21.1% 51% 0.056
Laparotomy 42 1% 18.3% 0.039
Non-therapeutic laparotomy 36.8% 5.0% <0.001
Open fracture of upper limb 21.1% 6.7% 0.070
Open fracture of lower limb 21.1% 6.7% 0.070

KCK: Key and Conwell classification modified by Kane.

Table 3 -  Mortality of the type of fractures according to the classifications of Key and Conwell modified by Kane (KCK), and of
Tile.

Type of fracture Total number Total deaths Mortality
KCK'I 35 5 14.7%

KCKII 18 2 11.1%

KCK I 20 11 55.0%

Tile A 45 6 13.3%

Tile B 15 3 20.0%

Tile C 13 9 69.2%

prioritizing of the control of retroperitoneal bleeding through
techniques such as early external fracture fixation,
angiography / selective embolization of the internal iliac
artery and its main branches and, more recently, the
extraperitoneal pelvic packing '#%°. Concomitant lesions,
mainly cranioencephalic, have become the leading causes
of death in these patients >1°. However, in large series
that analyze factors related to mortality, there are still ca-
ses of death by severe retroperitoneal hemorrhage 2°. It is
important to note that when SRH is present, there is an
associated high mortality rate.

The mortality observed in our study (24%) was
higher than in previous series "#°. This occurred even with
the installation of established protocols for treating
hemodynamically unstable pelvic trauma victims over the
years, as already described. The calculated trauma indices
indicated that this increase was directly related to greater
physiologic and anatomic severity of victims recently
admitted. The mean RTS, ISS, and TRISS of the group of

patients who died were respectively 4.70, 40.9 and 0.43.
This represents a group of extremely severe patients, with
a probability of survival lower than 50%. The presence of
serious injuries in the head segment was significant, reaching
68.4% . However, some control procedure for retroperitoneal
bleeding was necessary in most cases. The presence of
complex fractures of the pelvis, especially Tile type C and
KCK type Ill, was a factor significantly related to increased
mortality. Therefore, retroperitoneal hemorrhage had some
role in this scenario.

When comparing with the previously published
series of our Service °, we clearly observed a worsening in
severity of trauma patients with pelvic fractures based on
trauma indexes. This may correspond to an improvement
in the pre-hospital care system, bringing patients who
previously would die before reaching the hospital. We also
noted that, contrary to that observed 15 years before, the
severity of associated injuries in the chest and abdomen
had no significant impact on mortality. Only serious injury

Rev. Col. Bras. Cir. 2014, 41(4): 285-291



Parreira

Comparative analysis between identified injuries of victims of fall from height and other mechanisms of closed trauma

289

Table 4 - Comparison of the variables between the two study periods. Numerical variables are presented as mean + standard
deviation; categorical variables, as frequency in the sample.
Variable 1993 - 1997 2008 - 2009 p
n=103 n=79

Mean age 340 + 18 anos 41.0 + 18.9 anos 0.012
RTS 717 + 1.3 6.4 + 2.2 0.008
AIS head segment 1.05 + 16 14 + 1.8 0.168
AlS thoracic segment 065 + 1.2 1.1 + 16 0.031
AIS abdominal segment 1.2 + 16 1.4 + 1.7 0.417
AlS extremities 29 + 1.1 36 + 1.3 <0.001
ISS 200 + 13.0 280 + 15.2 <0.001
TRISS 089 + 0.2 0.74 + 0.33 <0.001
Fractures KCK Il 32.0% 27.4% 0.258
Mortality 19.0% 24.7% 0.567

RTS: Revised Trauma Score. AIS: Injury Severity Scale. ISS: Injury Severity Score, TRISS: probability of survival, KCK Illl: fractures type Il of Kay e

Conwell modified by Kane.

Table 5 -  Comparison of factors associated with mortality between the two periods.

Variable 1993-1997 2008-2009
Age p=0.02 n.s.

AIS > 3 head p=0.002 <0.001
AIS > 3 thorax p=0.006 n.s

AlIS > 3 abdomen p=0.005 n.s
Complex pelvic fracture (KCK IlI) n.s. P=0.004

AIS: Injury Severity Scale. KCK ll: fractures type lll of Kay e Conwell modified by Kane.

in the head segment persisted as an important prognostic
factor. However, conversely to what was observed
previously, the presence of a complex fracture of the pelvis
was associated with increased mortality.

Palmcrantz et al. ?° reported high mortality in
trauma patients with pelvic fractures, reaching 31%. They
observed that the severity of the pelvic fracture was an
important prognostic factor and that the lethality was
associated with a higher ISS (mean 36 in those who died).
These authors found higher mortality in type C fractures
and victims of falls from heights over six meters. In our
study, this was one of the most common mechanisms of
trauma (30.4% of cases).

It is interesting to note that victims of complex
fractures of the pelvis usually display multiple lesions, and
often the cause of death cannot be solely attributed to one
factor only. In our data, we found that most patients who
died had serious injuries in other body segments, or even
serious orthopedic injuries that required surgical hemostasis
in the operating room, such as open fractures of upper and
lower limbs. That is, the hemorrhagic sites are often
multiple. In 2008 Hauschild et al. ?' reported greater
lethality specifically in trauma victims with pelvic fractures
that required some “emergency procedure”. In our study,
we observed higher mortality in those requiring intubation

and phlebotomy at admission, chest drainage, external
fixation of pelvic fracture, angiography / embolization and
laparotomy.

These data support the idea that success in
prognosis lies on the rapid control of hemorrhagic foci 2224,
Often, this is only possible in the operating room, given the
frequency of associated injuries. In the services that have
the possibility to perform angiography and embolization in
the operating room, this should be considered early. If there
is no such possibility, the preperitoneal pelvic packing is an
increasingly held option 2. Some authors advocate adding
the ligation of internal iliac arteries through the pre-
peritoneal access as a “rescue measure” 2. This information
reinforces the need to resuscitate these critically ill patients
from the start in a room with resources to perform various
diagnostic and therapeutic procedures together.

The role of early external fixation of the pelvic
fracture is still under review. While some authors reported
a lower mortality rate and better prognosis in patients
undergoing this type of treatment, others prefer to control
retroperitoneal bleeding primarily by angiography and
embolization. Currently, it is known that the indication of
the latter is selective. The protocols vary among institutions
and even among societies 2%, It is known that while early
external fixation is able to control venous bleeding,

Rev. Col. Bras. Cir. 2014, 41(4): 285-291



Parreira

290 Comparative analysis between identified injuries of victims of fall from height and other mechanisms of closed trauma

angiography / embolization would be the option for those
with arterial bleeding. While most patients with
retroperitoneal bleeding in association with pelvic fractures
have complex venous bleeding, it is known that mortality
is higher in when there is arterial bleeding. In our study,
the procedure most often performed to control
retroperitoneal bleeding was external fixation. In the patients
who died, about 20% underwent angiography /
embolization as the first procedure to control retroperitoneal
hemorrhage, and 42% underwent early external fixation.

This study demonstrated that the treatment of
victims of trauma with pelvic fractures remains a challenge.
This scenario entails great energy dissipation, lesions in
multiple organs and systems, as well as possible sources of
bleeding difficult to control. Mortality remains high, despite
more aggressive resuscitation protocols. There is no conduct
uniformity of the proposed algorithms, since they require
local adaptation. Further studies detailing the exact causes

RESUMDPO

and conditions associated with lethality should be conducted
with the aim to expose the critical points that hinder the
application of the suggested protocols. The severity of these
patients will likely continue to increase and there is need
for specific preparation. Only with the training of a
multidisciplinary group of fast action and with locally well
established protocols, there will be a chance to diminish
mortality in victims of complex fractures of the pelvis.
Probably the answer to the most critical cases will be the
development of multi-functional emergency rooms, enabling
both rapid diagnosis by computed tomography and prompt
treatment, whether by open surgery or by interventional
radiology.

In conclusion, there was a significant difference
between the two study periods, represented by an increase
in the severity of the sample and greater impact of
retroperitoneal hemorrhage as a cause of death in the latest
period.

Objetivo: analisar os fatores preditivos de morte nas vitimas de trauma fechado com fraturas pélvicas. Métodos: andlise
retrospectiva dos dados de registro de trauma, incluindo as vitimas trauma fechado com fraturas de pelve e idade superior a 14 anos.
Os que faleceram formaram o grupo 1 e, os sobreviventes, o grupo 2. Utilizamos os testes t de Student, Fisher e Qui-quadrado para
a andlise estatistica, considerando p<0,05 como significativo. Posteriormente comparamos os fatores preditivos de morte entre os
periodos estudados. Resultados: Foram incluidos 79 doentes. As médias do RTS, ISS e TRISS foram, respectivamente, 6,44 + 2,22;
28,0 + 15,2 e 0,74 + 0,33. Houve 19 obitos (24%). A causa principal foi o choque hemorrdgico (42,1%). Os que morreram
apresentaram, significativamente (p<0,05), menor média de pressao arterial sistélica e escala de Glasgow a admissdo, maior média
de frequéncia cardiaca a admissdo, AlS segmento cefdlico, AlS em extremidades e 1SS, como também, maior frequéncia de lesées
graves em segmento cefdlico e de fraturas complexas de pelve. O periodo mais recente se caracterizou por maior gravidade
anatémica e fisioldgica da amostra, como também, diminuicdo do impacto das lesées associadas (torax e abdome) sobre a letalidade.
Ao contrédrio do observado anteriormente, houve relacdo significativa entre a complexidade da fratura de pelve e letalidade.
Conclusdo: Houve diferenca significativa entre os dois periodos, representada por aumento na gravidade da amostra e maior
impacto da hemorragia retroperitoneal como causa de morte.

Descritores: Fraturas do quadril. Fraturas fechadas. Ossos pélvicos. Progndstico. Indices de gravidade do trauma.
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