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Abstract: The main concern for orthopaedic treatment in polytrauma has always been the same for almost forty years, 
which also regards “where” and “when” to proceed; correct surgical timing and correct interpretation of the DCO concept 
are still being debated. In the last few years, several attempts have been made to classify patients based on their clinical 
presentation and by trying to figure out which vital parameters are able to predict the patient’s outcome. This study 
evaluated all patients who presented with code red at the Emergency Department of our Hospital, a level II trauma center. 
For every patient, the following characteristics were noted: sex, age, day of hospitalization, orthopaedic trauma, time to 
surgery, presence of an associated surgical condition in the fields of general surgery, thoracic surgery, neurosurgery and 
vascular surgery, cardiac frequency, blood pressure, oxygen saturation, Glasgow Coma Scale and laboratory data. All 
patients included were divided into subgroups based on orthopaedic surgical timing. Two other subgroups were also 
identified and analyzed in detail: deceased and weekend traumas. A total of 208 patients were included. Our primary goal 
was to identify a correlation between the mortality and surgical timing of the orthopaedic procedures; our secondary goal 
was to recognize, if present, a statistically relevant association between historical, clinical and laboratory data, and 
mortality rate, defining any possible risk factor. A correlation between mortality and orthopaedic surgical timing was not 
found. Analyzing laboratory data revealed an interesting correlation between mortality and: blood pressure, platelet count, 
cardiac frequency, hematocrit, hemoglobin and age. 
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INTRODUCTION 

 Polytrauma defines the medical condition of a person who 
has been subjected to multiple traumatic injuries such as serious 
head, abdominal, thoracic, vascular injuries, and single or 
multiple fractures. It is often associated with motor vehicle 
accidents, or in general with high-energy impacts, and 
frequently represents a life-threatening condition; the 
concomitance of multiple organic and bone lesions can, in fact, 
destabilize a patient’s hemodynamics due to, for instance, 
severe blood loss. Prompt and early care for those patients is 
therefore mandatory which requires a strict respect of clinical 
priorities in order to hemodynamically re-stabilize the patient 
and to have the best chances of saving his or her life. While for 
some kinds of injuries an emergency surgery is a “must”, e.g., a 
spleen rupture, for others, and specifically for orthopaedic 
conditions, there is still an ongoing debate on their surgical 
timing. Moreover, no study has yet clearly stated what 
historical, clinical, instrumental or laboratory data are of good 
use for a Trauma Leader or the orthopaedic surgeon when it 
comes to decide whether a specific fracture needs to be treated 
as soon as possible, if the proposed treatment must be definitive, 
or whether there is the need to delay orthopaedic surgery. 
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 The principles for fracture management in a polytrauma 
patient, therefore, are still being debated in the scientific 
community. The main concern for an orthopaedic treatment 
in polytrauma has always been the same for almost forty 
years, which also regards “where” and “when” to proceed 
[1]. Historically, procedural protocols went from 
Kuntschers’ recommendations in 1967 advising to 
procrastinate each and every orthopaedic surgery for some 
days [2-5], to the eighties trend of “early fixation” (ETC), 
promoting a definitive treatment as soon as possible [6-10]. 
Only during the ‘90s, after dedicated researches [11-14], the 
concept of damage control orthopaedics (DCO) started to be 
defined, which suggested temporary fracture stabilization for 
the most critical and unstable patients and allowing for the 
stabilization of the patient’s hemodynamics as well. 
 The first practical application of this new therapeutic 
strategy was external fixation, while lately also closed 
reduction with internal fixation with an endomedullary nail 
has been taken into account for both primary and definitive 
care [8-12]. 
 Correct surgical timing and correct interpretation of the 
DCO concept are still being debated [2, 3, 15, 16], and 
universally accepted guidelines are not yet available. 
 In the last few years, several attempts have been made to 
classify patients based on their clinical presentation [1-17], 
trying to figure out which vital parameters are able to predict 
the patient’s outcome and, therefore, lead the surgeon to 
decide on proper management in terms of surgical timing 
and primary technique [2, 3, 18-22]. 
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 The purpose of the present study was double. The 
primary goal was to identify a possible correlation between 
the mortality and surgical timing of the orthopaedic 
procedures in patients who had been victims of polytrauma, 
admitted to our Hospital in a 3-year period. The secondary 
goal was to recognize whether there exists a statistically 
relevant association between historical, clinical and 
laboratory data, and mortality rate, defining any possible risk 
factor. 

MATERIALS AND METHODS 

 This study evaluated all patients who presented with code 
red at the Emergency Department of our hospital, a level II 
trauma center with a catchment area of 1.5 million people in 
a time frame ranging from 1st January 2008 to 31st December 
2010. 
 The inclusion criteria were: polytraumatic accident and 
the presence of at least one lesion involving the 
musculoskeletal system. 
 The only exclusion criterion was age below 14 as these 
young patients are always addressed to a specialized 
pediatric hospital of the city. 
 Data on patients were gathered by retrospectively 
reviewing the hospital’s computer records. Triage Informatic 
Records (PS Web, Fly Technologie & Servizi S.c.c.a.r.l., 
Perugia, Italy) were reviewed first, filtering records for code 
red only and extrapolating those presenting with an 
orthopaedic condition, e.g., a fracture, or for whom the 
examination by an orthopaedic surgeon was required. Out of 
this preliminary group, a second review was made of the 
Surgical Procedures Registry (Ormaweb, Dedalus Healthcare 
Systems Group s.p.a., Firenze, Italy) to divide surgical 
patients from non surgical ones. At this stage, any procedure 
performed in an emergency setting was noted; orthopaedic 
surgical timing was noted as well, even if definitive 
procedure for that particular condition was delayed. Lastly, a 
double check was performed by analyzing Radiological 
Imaging Database (Centricity Enterprise Web, GE Medical 
Systems Information Technologies, GE Healthcare, Little 
Chalfont, United Kingdom) for a specific patient since the 
time of her/his admittance at the emergency department 
onward in order to confirm her/his inclusion in either the 
surgical or non surgical patient group. Discharge records 
(SIO Web, Fly Technologie & Servizi S.c.c.a.r.l., Perugia, 
Italy) were reviewed in order to identify those patients that 
had died. 
 In regards to the hospital’s Privacy Policy, it must be 
noted that every reported system and record provided were 
sorted by an anonymous identification number assigned at 
the admittance to the hospital, and that this retrospective 
study has been approved by the Local Ethical Committee. 
 The final cohort was therefore widely assorted with a 
high variability of lesions, both orthopaedic specific and 
collateral. 
 For every patient, the following characteristics were 
noted: sex, age, day of hospitalization, orthopaedic trauma, 
time to surgery, presence of an associated surgical condition 
in the field of general surgery, thoracic surgery, 

neurosurgery and vascular surgery, cardiac frequency, blood 
pressure, oxygen saturation, Glasgow Coma Scale. 
 The following laboratory blood data were gathered from 
the computer system (Alchymia®, S.C.S. Software & 
Computer Systems, Fermo, Italy) at the time of admittance: 
leukocyte count, blood red cells, hemoglobin, hematocrit, 
platelet count. The monitoring of these parameters is part of 
the standard management in our hospital; registering and 
analyzing them for this paper was aimed at the identification 
of risk categories and variables, which are able to influence 
mortality. The last data assessed were mortality; the several 
degrees of disability suffered after recovery were not studied 
in this paper. 
 All patients included were divided into subgroups based 
on orthopaedic surgical timing, i.e., those who were treated: 
under 6 hours, between 6 and 12 hours, between 12 and 24 
hours, between 24 and 48 hours, between 48 and 72 hours 
and after 72 hours; mortality was related to those intervals. 
 Two other subgroups were also identified and analyzed 
in detail: deceased and weekend traumas. The purpose of this 
division was to better respond to our study’s secondary 
endpoint and to evaluate whether the anecdotal statement 
that weekend days have higher mortality is true or false. 
 Statistical analysis comprehended ranges, mean values, 
percentage values, standard deviations of all quantitative 
values; Fisher’s Test was applied to identify possible and 
statistically significant associations between recorded data. 

RESULTS 

 A total of 208 patients met the inclusion criteria and were 
included. 
 The study group consisted of 155 males (74.52%) and 53 
females (25.48%), with a male to female ratio of 2.92 and a 
mean age of 43.25 (min 14yo, max 84yo, SD 19.43); 120 
patients (57.69%) were admitted to the Emergency 
Department during week days, while 88 patients (42.31%) 
were admitted during weekends. 
 All patients presented with at least one lesion involving 
the musculoskeletal system, as shown in Fig. (1). For a total 
of 163 patients (78.37%), surgery was indicated; it was not 
indicated in 30 patients (14.35%) and not possible due to 
exitus in 15 patients (7.21%). Surgical timing was divided 
into subgroups, which is shown in Fig. (2); for 3 patients, 
timing was not recorded. The majority of the patients (115 
patients, 55.29%) were assessed with an ETC approach, 
while 48 (23.08%) underwent a first surgery for DC. 
 As for associated surgery, distribution is provided in Fig. 
(3). In the general surgery group, 6 patients (46.15%) 
presented with a condition that was to be treated by general 
surgeons as the only association to the orthopaedic 
condition; 3 cases (23.08%) had also an associated condition 
that had to be treated by thoracic surgeons, and in 2 cases 
(15.38%) there was an association with a neurosurgical or 
vascular surgical condition. Three people died in this 
subgroup, representing 1.44% of the total; for 2 of them, 
their orthopaedic condition was associated with both general 
and thoracic surgery conditions, while the remaining one 
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patient had an associated condition with general surgery and 
vascular surgery conditions. 
 A thoracic condition that had to be treated surgically was 
never the only association with the orthopaedic condition. In 
3 patients, there was also a condition that had to be treated 
by general surgeons, and in 1 of them, there was also a 
neurosurgical condition; two patients died (0.96% of the total 

cohort), who presented with a condition associated with the 
orthopaedic condition, which had to be treated by both 
general and thoracic surgeons. 
 A neurosurgical condition was the only associated 
condition in 84.62% of the cases. Beside the orthopaedic 
condition, it was associated with a condition that had to be 
treated by general surgeons in 7.69% of the cases, while it 

 
Fig. (1). Distribution of orthopaedic conditions presenting at the emergency department during the 3-year time span. 

 
Fig. (2). Surgical timing; number of patients divided based on the time span passed from admittance to surgery. 
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was associated with a condition requiring thoracic surgery as 
along with vascular surgery in 3.85% of the cases. Two 
people died in this subgroup: one patient presenting a 
neurosurgical condition along with the orthopaedic one, and 
another patient who also presented with a condition that had 
to be treated by general surgeons, representing 0.96% of the 
total. 
 As for vascular conditions, this condition was present as 
the only other association with the orthopaedic condition in 
2.40% of the cases, while it was associated with the other 
analyzed surgeries in one case each. Two people of this 
subgroup died (0.96% of the total cohort), with one patient 
presenting only the vascular condition and the other 
presenting a condition that had to be treated by general 
surgeons. 
 The study population was also divided into two big 
subgroups: deceased and weekend traumas. 
 The deceased group consisted of 17 patients, representing 
a mortality rate of 8.17%; 13 patients were males and 4 
patients were females, with a ratio of 3.25 to 1 (mean age 
53.1, min 19, max 84). Orthopaedic lesions consisted of a 
fracture of shin bone and fibula in two cases, a clavicular 
fracture, a patellar fracture and a pelvic ring fracture, while 
in the remaining 12 cases, an orthopaedic surgeon was 
convened to the Emergency Department in the setting of a 
trauma team and in consideration of the traumatic 
mechanism which could have implied an orthopaedic 
condition, but the patient died before such a diagnosis could 
be made. Only 2 patients (11.76%) could be treated within 2 
hours from the admittance. One of them underwent limb 
amputation and the other one underwent external fixation. 
The other 15 patients (88.24%) died before any orthopaedic 
intervention could be made. Seven patients were admitted on 
a weekend day (41.18%), and 10 on a week day (58.82%). 
Three patients (17.65%) had an associated general surgery 
condition (1 massive intestinal infarction, 1 ruptured spleen, 
1 hepatic laceration) and died after emergency surgery; only 
2 patients (11.76%) also had thoracic trauma (1 hemothorax, 

1 lobar rupture). Neurosurgery was not associated with 
general surgery conditions, while a vascular lesion (1 
compartmental syndrome) was present in one case (5.88%). 
Neurological condition was present in 2 cases (11.76%) 
without any other associated lesion than the orthopaedic 
condition; instead, vascular condition was present as the only 
other comorbidity in 1 case (5.88%). 
 The weekend trauma group consisted of 88 patients 
(42.31%); 68 were males (77.27%) and 20 were females 
(22.73%), with a ratio of 3.4 to 1 (mean age 41.14, min 14, 
max 83). Seven patients died before undergoing orthopaedic 
surgery, 9 (10.23%) did not have a condition requiring 
orthopaedic surgery, and 72 (81.82%) underwent a 
procedure. Out of them, 77.78% underwent an ETC 
approach, while 22.22% had a damage control; 32 patients 
(44.44%) were treated within 6 hours, 7 patients (9.72%) 
between 6 and 12 hours, 2 patients (2.78%) were treated 
between 12 and 24 hours; 4 patients were treated between 24 
and 72 hours and 27 patients (37.50%) were treated after 72 
hours. 
 Due to the very low number of patients that died after an 
orthopaedic procedure was indicated, a correlation between 
mortality and an orthopaedic surgical procedure timing was 
not found. 
 Analyzing laboratory data revealed an interesting 
correlation between mortality and: blood pressure, platelet 
count, cardiac frequency, hematocrit, hemoglobin and age. 
 Blood pressure was recorded for 170 of the 208 analyzed 
patients; as a cut-off point, a value of 90mmHg was chosen. 
Fisher’s test was applied, and the difference between the two 
groups appeared statistically significant with a P <0.0007. 
 A second correlation was made between mortality and 
platelet count. A total of 187 patients were assessed, and a 
value of 150,000 PLT/mL was chosen as the cut-off point. 
Fisher’s test revealed a statistically significant difference. 

 
Fig. (3). Distribution of surgical conditions that presented in association with the orthopaedic condition. 
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 Cardiac frequency was correlated to mortality by 
dividing the patients into 2 groups and considering as cut-off 
point a value of 90 bpm; no statistical difference was noted. 
 As for the hemoglobin value, all groups of patients were 
analyzed considering a 10g/dL as the cut-off value. A 

statistically significant difference was noted. The last 
laboratory data were hematocrit, which showed a significant 
difference when choosing a 30% cut-off value. 
 The correlation for age showed no significant difference. 
 A graphical representation is provided by Fig. (4A-E). 

 
Fig. (4). Histograms of statistically significant laboratory data: A-Blood Pressure; B- Heart frequency; C- Platelet Count; D- Hemoglobin; E- 
Hematocrit. Left columns represent survivor groups, right columns represent deceased groups. Cut-offs chosen are based on available 
literature. 
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 Glasgow Come Scale and body temperature were not 
obtained for every patient at the time of hospitalization and 
therefore not analyzed in this paper. 
 Lastly, the analysis of deaths which occurred during 
weekdays and weekends showed no statistical significance 
being 8.33% and 7.95%, respectively. 

DISCUSSION 

 The data from this paper demonstrate that our institution 
is in line with the recent literature [2, 23, 24], with a 72% of 
cases treated before 48 hours. 
 The great variability of clinical conditions for every 
patient, as already proved by other authors [24], makes 
analyses much more complicated and explains why there is 
still no consensus on the surgical timing debate. 
 Rixen [24] underlines that even if there is growing 
evidence on the benefits of an early treatment like damage 
control orthopaedics, there is no supremacy of this approach 
in comparison with other methods according to Evidence 
Based Medicine. 
 It seems reasonable to think that the surgeon’s experience 
and personal technical skills are the main elements to 
properly manage a patient who has been a victim of a 
polytrauma and to obtain a favorable outcome. 
 In contrast with this paper, Morshed et al. [25] 
demonstrated an increase in mortality for those patients 
treated in the first 12 hours if compared to those treated 
between the 12th and 24th hour after hospitalization and to 
those treated between the 24th and 48th hour or later. 
 Correlating mortality with other clinical and laboratory 
parameters, this paper, as previously described by 
Matsumoto et al. [21], noted a very strong correlation and 
statistically significant difference between patients with 
blood pressure > 90mmHg and those with blood pressure 
<90 mmHg when accepted in the emergency department. It 
is desirable to obtain at least one blood pressure 
measurement in traumatic patients and to consider 
particularly at risk those below the 90mmHg value. Those 
patients necessitate hemodynamic stabilization as the first 
approach and only at a later stage orthopaedic injuries should 
be taken care of, as previously stated in another paper by 
Pape et al. [17]. Platelet count is also a matter of concern, 
and it is related to increased mortality; it should always be 
taken into account when a patient victim of a polytrauma is 
admitted to an emergency department. 
 Hematocrit is another parameter associated with blood 
loss severity and, therefore, to the clinical gravity of the 
patient. This paper considered a value of 30% as cut-off 
point in the hematocrit; patients with a lower value showed 
higher and statistically relevant mortality when compared to 
those with a higher value. The same holds true for 
hemoglobin when a cut-off value of 10mg/dL is taken into 
consideration, showing a p=0.023 statistical significance and 
representing another parameter that should always be taken 
into account before taking a surgical decision. 
 Matsumoto et al. [21] also showed that a body 
temperature lower than 35.5° Celsius is of high importance 
for DCO actuation. This parameter, unfortunately, was not 

registered in every patient’s record reviewed in this paper, 
and therefore not analyzed; this represents a limitation in the 
choice of both surgical timing and surgical technique. 
 We did not find a correlation between week or weekend 
days and mortality. 

CONCLUSION 

 According to our findings, orthopaedic surgical timing 
does not influence the survivorship of a patient who has been 
a victim of a polytrauma. This is in accordance with the 
majority of literature. A proper consensus is still far from 
being reached considering the wide range of contrasting 
evidence and the clinical importance of this aspect in clinical 
practice. The 15 deaths recorded in 3 years happened before 
any orthopaedic treatment could be given which makes it 
impossible to state that the patients addressed to the 
orthopaedic surgeon had already been clinically stabilized. 
As an indirect observation, it could be derived from this 
paper that orthopaedic surgery procedures should be 
performed early only in the setting of a hemodynamically 
unstable patient, if it can contribute to his/her stabilization, 
and only after other life-saving surgeries have been 
performed; in any other situation, the patient’s orthopaedic 
treatment can be safely delayed in favor of a one-time 
orthopaedic surgery if ETC is not applicable at the first 
stage. Evidence of a higher risk of mortality can suggest the 
surgeon to delay surgery or to apply the principles of DCO. 
A statistically significant difference was noted between 
mortality and some clinical and laboratory parameters 
obtained at the admittance of the patient in the emergency 
department; those parameters should be used by the 
orthopaedic surgeon or by the trauma leader in order to 
decide when to proceed with orthopaedic surgery. 
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