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Abstract
Background: The last 20 years have been dedicated to extensive research regarding the pathophysiology

of trauma and the consequences of interventions that follow. Several theories have been proposed in terms
of what causative factors are associated with poor outcome in polytrauma patients. Once the “two event
model” was accepted, it became clear that patients although initially resuscitated, but in a vulnerable
condition, have a high risk that a secondary aggression (for example, surgical interventions) would precipitate
a state of hyperinflammation and early multiple organ dysfunction syndrome (MODS).

The aim of this retrospective study was the analysis of the “second hit” phenomenon, meaning the
alterations that occur in patients having femoral shaft stabilization surgery after major trauma.

Methods: This is a retrospective study of severe polytrauma patients with femoral shaft fractures
admitted to the intensive care unit of the Emergency clinical Hospital of Bucharest and treated from an
orthopaedic point of view by either Damage Control Orthopaedics (DCO) or Early Total Care (ETC)
principles. All patients had femoral shaft stabilization in the first 24 hours. Using patients files we recorded
the following data: 30 day mortality, development of acute respiratory distress syndrome (ARDS) and
MODS, local infectious complications (LIC), intensive care unit length of stay (ICU LOS), days of mechanical
ventilation (MV), units of red blood cells units/48 h (RBC). We decided to analyze results in three groups
– DCO group with shock on admission, DCO group without shock and ETC group.

Results: We observed significantly higher mortality in the DCO shock group (25%) compared with the
other two groups (ETC – 9.4%; DCO without shock – 6.7%; p = 0.042/0.015). Similar results for: ICU
LOS (16.29 ± 6.7 versus 9.92 ± 4.7 and 10 ± 3.9; p = 0.001/0.002), days of MV (10.29 ± 5.7 versus 6.83
± 4.7 and 6.8 ± 3.4; p = 0.007/0.04), units of RBC/48 h (15.04 ± 4.3 versus 8.08 ± 4.3 and 7.33 ± 1.5; p =
0.007/0.04). Although not statistically significant, MODS and ARDS incidences were higher in the DCO
shock group: MODS (41.7% versus 22.6% and 20%; p = 0.08/0.17), ARDS (29.2% versus 17% and 20%;
p = 0.22/0.53). These results correlate with a higher trauma score in these patients, more serious lesions
requiring several damage control procedures. In the other two groups (DCO without shock and ETC) all
outcomes were similar. Local septic complications were higher, as expected, in all patients with external
fixation and we observed a very low incidence in the ETC group (8.3% – DCO shock group versus 1.9%
– ETC group and 6.7% – DCO no shock group; p = 0.18/0.009).

Conclusions: In patients who are not in a very severe condition (shock), the choice for femoral shaft
stabilization by intramedullary nailing represents a safe option. We did not observe any differences in
outcomes by comparing ETC and DCO types of procedures in these relatively stable patients.
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Introducere
Several theories have been proposed regarding

what causative factors are associated with poor

outcome in polytrauma patients. Among others,
resuscitation measures and surgery were identified as
important determinants of the outcome in these
patients. It is well known that immediately after trauma
a systemic inflammatory response prevails (SIRS). If
the activation is exaggerated or re-triggered, several
complications may occur [1, 2].

Polytrauma patients with multiple orthopaedic
injuries clearly benefit from early fixation of major long
bone fractures, but the optimal timing and type of
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fixation are still highly controversial. Patients with
persisting hypoperfusion and haemodynamic instability
despite aggressive resuscitation measures are not good
candidates for early internal fixation of long bone
fractures referred to as early total care (ETC). In these
cases intramedullary nailing for femoral shaft fracture
could act as a trigger for the “second hit” phenomenon.
Damage Control Orthopaedics (DCO) techniques have
been developed to allow a rapid bone stabilization
without the risk of a “second hit” phenomenon
provoked by reaming, bleeding or soft tissue surgical
damage [3].

External fixation has limited indications as a
definitive option of treatment, but there are some well
defined clinical circumstances when it is accepted. The
main advantages are: short operating time (generally
< 30 minutes), minimal impact on vascular supply of
the femur, lack of a foreign body in the fracture place,
allows repeated debridement of the bone and soft
tissues. Main disadvantages are: higher incidence of
local infections, loss of knee mobility, fragments
malposition. In the past, open fractures and presence
of comminution were considered relative indications
for external fixation. Nowadays, with the development
of central medullary nailing techniques, external fixation
has lost most of the indications and remains accepted
in patients in a very unstable condition who cannot
tolerate a longer surgical procedure [4, 5]. Central me-
dullary nailing represents the treatment of choice for
patients with femoral shaft fracture and studies have
failed to demonstrate a higher incidence of compli-
cations with this technique even in trauma patients
with high injury severity score (ISS) > 18 with thoracic
trauma [5, 6].

Fractures of the femoral shaft are characterized
by high blood loss and significant soft tissue damage,
which contribute to early inflammatory response and
carry an increased risk of mortality and pulmonary
complications despite other injury factors. The best
initial treatment for these patients with femoral shaft
fracture and ISS is still under debate [6, 7].

The aim of this study was to analyze systemic effects
of surgical interventions as a “second hit” phenomenon,
related to the timing and type of surgery in these
patients and to document the incidence of these adverse
events. The outcomes were: 30 day mortality, develop-
ment of ARDS and MODS, local infectious compli-
cations, ICU LOS, days of MV, units of RBC/48 h.

Materials and methods
Patient population
The study was designed as a retrospective study

of severe polytrauma patients with femoral shaft
fractures admitted to the intensive care unit of the

Emergency Clinical Hospital of Bucharest and treated
from an orthopaedic point of view by either DCO or
ETC principles in a two year period starting from
01.01.2012 to 31.12.2013.

The study protocol was reviewed by the hospital
Ethics Committee, and investigations were conducted
according to the Declaration of Helsinki.

Study design
All data were collected prospectively and included

patient demographic information, accident data,
physiologic data at admission, injury and clinical course
data. Every record included early and late surgical
interventions, length of stay in ICU, duration of mecha-
nical ventilation, systemic complications in ICU, post-
operative course and hospital discharge status.
Fractures were classified using the AO classification
according to the Orthopaedic Trauma Association and
open fractures according to the Anderson-Gustilo scale
[1].

All patients were evaluated and initially treated by
the Trauma Intensive Care team using standardized
protocols for diagnosis and life-saving surgery. All
patients had femoral shaft stabilization in the first 24
hours. The decision on whether to choose an early
internal fixation or damage control approach was taken
according to the orthopaedic trauma surgeon and
intensive care staff initial assessment.

From patients’ medical notes we recorded the
following data: 30 day mortality, development of ARDS
and MODS, local infectious complications, ICU LOS,
days of MV, units of MER/48 h.

Statistical methods
The number of patients required by the study,

calculated by the power analysis, was 100. Data for
major outcomes were expressed as numbers and
percentage for the three groups, and a p < 0.05 was
considered significant.

We observed the influence of several specific
factors on the development of MODS, appearance of
mortality, the length of stay in the ICU and the
necessary of blood transfusion. In order to find out the
degree to which these factors influenced these
outcomes, we conducted an ANOVA analysis, by using
IBM SPSS Statistics 20 (IBM, USA).

We calculated the variance between the groups,
the variance within the groups, the ratio of determina-
tion and the confidence interval. For determining
whether the type of surgery influenced in any way the
appearance of MODS, ARDS, mortality or local in-
fectious complications, a statistical Chi-square test was
conducted. The Kendall’s tau correlation test revealed
the correlation between the value of ISS and the above
mentioned outcomes.
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Results

Between 01.01.2012 and 31.12.2013 more than 400
high-energy trauma patients were admitted to our
institution. One hundred and fifty three patients (38.2%)
presented with a shaft femoral fracture. From this
group, 46 patients with ISS < 24 were excluded from
the study, leaving 107 patients with ISS > 24 and femo-
ral shaft fracture. Seven patients died before any
treatment for femur fracture was done. Fifteen patients
had bilateral femoral shaft fractures; only seven of
them could be operated in the first 24 hours by DCO
principles. The other 8 patients were excluded from
the study. Out of the remaining 92 patients, 53 were
treated by initial internal fixation with nail (ETC) and
39 by DCO principles – external fixation.

For patients in shock, aggressive resuscitation was
performed and only patients who responded were
operated in the first 24 hours. The others (with persis-
tence of severely impaired organ perfusion evaluated
through – persistent acidosis ph < 7.1, impossibility to
decrease vasopressor infusion) were excluded from
the study.

Regarding associated lesions more than 50% of
patients had traumatic brain injury (TBI), and approx.

GCS: Glasgow Coma Scale, AO: arbeitgemainshaft fur Osteosynthesefragen AG: Anderson Gustillo, ETC: early total care, DCO: damage control
orthopaedics

 ETC (N = 53) DCO – with shock (N = 24) DCO – without shock (N = 15) 

Demographics    
Male gender: N (%) 31 (58.5%) 12 (50%) 13 (86.7%) 
Age: mean (st. dev.) 37.92 (11.237) 35.92 (8.851) 40 (8.409) 
ISS: mean (st. dev.) 29.89 (3.262) 39.71 (3.316) 30.73 (3.515) 

Association of injuries: N (%) 53 (100%) 24 (100%) 15 (100%) 
H+T+A+O: N (%)  22 (41.5%) 10 (41.7%) 6 (40%) 
H+O: N (%) 7 (13.2%) 4 (16.7%) 2 (13.3%) 
T+O: N (%) 8 (15.1%) 4 (16.7%) 2 (13.3%) 
Other: N (%) 16 (30.2%) 6 (25%) 5 (33.3%) 

Head injury (GCS): N (%) 29 (54.7%) 14 (58.3%) 8 (53.3%) 
Severe: N (%) 3 (10.3%) 4 (28.6%) 1 (12.5%) 
Moderate: N (%) 21 (72.5%) 9 (64.2%) 6 (75%) 
Minor: N (%) 5 (17.2%) 1 (7.1%) 1 (12.5%) 

Type of fractures    
Closed (AO classification): N (%) 53 (100%) 17 (70.8%) 14 (93.3%) 

Type A: N (%) 21 (39.6%) 1 (5.9%) 2 (14.3%) 
Type B: N (%) 27 (50.9%) 4 (23.5%) 2 (14.3%) 
Type C: N (%) 5 (9.4%) 12 (70.6%) 10 (71.4%) 

Open (AG classification): N (%)  7 (29.2%) 1 (6.7%) 
Type 1: N (%)  1 (14.3%) 0 (0%) 
Type 2: N (%)  1 (14.3%) 1 (100%) 
Type 3: N (%)  5 (71.4%) 0 (0%) 

Bilateral femoral fractures: N (%)  4 (16.7%) 3 (20%) 
Other damage control interventions: N (%)  14 (58.3%) 5 (33.3%) 

 

Table 1. Descriptive and comparative information for the three groups – DCO without shock on admission, DCO with shock on
admission and ETC group

40% had complex lesions with TBI, abdominal trauma,
thoracic trauma and fractures.

For the damage control group, 24 were in shock at
admission, 8 patients had open fractures, 7 patients
with bilateral femoral shaft fractures, and 19 of them
required other damage control surgery procedures –
laparotomy, thoracotomy, pelvic ring external fixation.

Because results showed significant differences
between the two large groups (DCO, ETC), regarding
severity of initial lesions (measured ISS), physiologic
status on admission (presence or absence of shock),
incidence and severity of TBI, we decided to analyze
results in three groups by splitting the DCO group into
two – with and without shock on admission.

Table 1 shows the descriptive and comparative in-
formation for the three groups – DCO without shock
on admission, DCO with shock on admission and ETC
group. The mean ISS was 39.7 for the DCO shock
group, compared to approx. 30 for the other two groups.
We observed a significantly higher percent of severe
TBI (28.6% versus 10.3% and 12.5%) for the DCO
shock group and also for the severity of orthopaedic
lesions (70% closed fractures type C and almost 30%
open fractures). 58.3% of the DCO shock group
required other DC surgical interventions.
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Table 2 shows the results for the main outcomes.
Data clearly show a higher incidence of MODS,
ARDS, LIC (local infectious complications), 30 day
mortality (25% compared to below 10%), longer ICU
LOS, and MV days, more units of blood transfused in
the first 48 hours for the DCO shock group.

For the other two groups (DCO without shock and
ETC) all major outcomes were similar, meaning that
in patients with a relative stable condition, morbidity
and mortality do not rely so much on the type of ortho-
paedic procedure chosen.

Figure 1 presents the influence of several specific
factors on the development of MODS, mortality, the
length of stay in the ICU and the necessity of blood
transfusion. For determining whether the type of
surgery influenced in any way the appearance of
MODS, ARDS, mortality or local infectious compli-
cations, a statistical Chi-square test was conducted
(Table 3). No statistical differences were found.

We found that the ISS is much more related to the
development of MOFS, ARDS, LIC, mortality, length
of stay in the ICU, days of mechanical ventilation and
necessity of blood transfusion / 48 hours than the type
of surgery performed. Therefore, we can conclude
that ISS is directly related to all these post-surgery
consequences (Table 4).

ETC: early total care, DCO: damage control orthopaedics, MODS: multiple organ dysfunction syndrome, ARDS: acute respiratory distress
syndrome, LIC: local infectious complications

  MODS ARDS Mortality LIC 

  Yes No Yes No Yes No Yes No 

ETC – count 12 41 9 44 5 48 1 52 
ETC – expected count 14.4 38.6 10.9 42.1 6.9 46.1 2.3 50.7 
DCO – count 13 26 10 29 7 32 3 36 
DCO – expected count 10.6 28.4 8.1 30.9 5.1 33.9 1.7 37.3 
Pearson Chi-square 1.298 1.028 1.436 1.821 
p coefficient 0.255 0.311 0.231 0.177 

 

                                 Table 3. Chi-square test

ETC: early total care, DCO: damage control orthopaedics, MODS: multiple organ dysfunction syndrome, ARDS: acute respiratory distress
syndrome, ICU LOS: intensive care unit length of stay, MV: mechanical ventilation

Results 

ETC 
(N = 53) 

DCO - with 
shock (N = 24) 

DCO - without 
shock (N = 15) 

P values 
(DCO shock/ 
ETC) 

P values (DCO 
shock/no shock) 

P values 
(ETC/DCO 
no shock) 

MODS: N (%) 12 (22.6%) 10 (41.7%) 3 (20%) 0.089 0.171 0.829 
ARDS: N (%) 9 (17%) 7 (29.2%) 3 (20%) 0.228 0.536 0.788 
Local infectious complications: 
N (%) 

1 (1.9%) 2 (8.3%) 1 (6.7%) 0.18 0.009 0.337 

30 days mortality: N (%) 5 (9.4%) 6 (25%) 1 (6.7%) 0.042 0.015 0.741 
ICU LOS: mean (SD.) 9.92 (4.783) 16.29 (6.785) 10 (3.982) 0.001 0.002 0.689 
Days of MV: mean (SD) 6.83 (4.767) 10.29 (5.729) 6.80 (3.489) 0.007 0.041 0.618 
Units of MER (/48 hours): mean 
(SD) 

8.08 (4.358) 15.04 (4.309) 7.33 (1.589) 0.001 0.001 0.535 

 

Table 2. The results for the main outcomes

Discussion
Posttraumatic inflammatory response is a multifac-

torial event most likely dependent on severity of
traumatic injuries, organ perfusion – before and after
aggressive resuscitation, individual predisposition [8,
9]. We retrospectively assessed clinical parameters
associated with exacerbated systemic inflammatory
response (ARDS, MODS, mortality). Quantitative
assessment and monitoring of pro and anti-inflam-
matory mediators, acute phase proteins and coagulation
markers seems to be essential and should be taken
into account by future researchers.

Considering posttraumatic reactions as a “first hit”
phenomenon, the scope of our study was to determine
if different orthopaedic surgical interventions for
femoral shaft fracture contribute as an exogenous
“second hit” phenomenon to the amplification of sys-
temic inflammatory response.

Large studies had different results. Morshed et al.
found that “damage control” procedures followed by
delayed internal fixation significantly reduces mortality
in polytrauma patients with abdominal injuries [10].

It is clear that the timing of surgery proves to be an
important contributor to potential pulmonary compli-
cations (ARDS, fat embolism, etc.). There are studies
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Fig. 1. The influence of several specific factors on the development of MODS

that support the negative impact of reaming on pulmo-
nary function, and studies that incriminate mostly
pulmonary contusions and massive transfusions for
these complications [11-16].

We also compared our results with the review of
Lasanios et al. published in 2011. They analyzed more
than 100 studies and evaluated as markers of second
hit phenomenon the presence of cardio-pulmonary
complications, development of MODS, and plasmatic
cytokines by comparing early versus late surgery,
internal fixation with or without reaming with DCO,
severity of trauma and presence of chest injury. Their
results were similar to ours and showed that early
nailing in stable trauma patients is safe, second hit is

                                        Table 4. Kendall’s tau correlation test

mostly related to other factors rather than surgical
interventions, and if the decision for the first 24 hours
is for external fixation, this should be followed in max.
2-5 days by definitive fixation in order to decrease
morbidity and mortality [17].

Our results showed no significant association
between the type of surgery and any of the outcomes
analyzed. However, in some cases (mortality, LIC)
numbers were limited, did not reach or were very close
to the minimum requirement for the study to be
relevant. This means that in a larger database, the
results may be different and the interrelations between
the type of surgery and the previously mentioned out-
comes could be more significant.

MODS: multiple organ dysfunction syndrome, ARDS: acute respiratory distress syndrome, ICU: intensive care unit, MV: mechanical ventilation,
LIC: local infectious complications

Correlation between ISS and: Correlation coefficient p coefficient 

MODS 0,258 0,002 
ARDS 0,28 0,001 
Mortality 0,307 0 
ICU 0,647 0 
MV 0,558 0 
LIC 0,223 0,006 
Blood necessity 0,694 0 
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Conclusion
Trauma represents the first hit phenomenon. The

dilemma is whether early internal fixation acts as a
second hit. The results of our study show that early
reamed femoral nailing in polytrauma patients who are
in stable condition does not increase 30 day mortality,
ARDS, MODS, ICU LOS, days on mechanical ventil-
ation, LIC, and transfusions/48 h, compared to external
fixation. Internal fixation with central medullary nailing
is a safe technique in well resuscitated patients even
with chest or brain lesions. Decision making in unstable
patients, in shock, is unclear and depends on multiple
factors related mostly to the first hit and resuscitation
response.
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Influenţa metodei iniţiale de
stabilizare a fracturii diafizare de
femur asupra morbidităţii şi
mortalităţii postoperative – un studiu
retrospectiv

Rezumat

Obiective. Cercetările ultimilor 20 de ani s-au axat
pe studiul fiziopatologiei traumei şi consecinţelor pe
termen scurt şi lung ale acesteia. Au existat o serie de
teorii diferite privind factorii asociaţi cu morbiditatea
şi mortalitatea crescută la pacienţii cu politraumă.
Odată ce a fost acceptat modelul bifazic, a devenit
evident că pacienţii, deşi resuscitaţi iniţial corect, se
găsesc într-o condiţie de maximă vulnerabilitate şi există
un risc crescut ca o nouă agresiune (de ex., intervenţii
chirurgicale) să precipite apariţia unui sindrom inflama-
tor exagerat şi apariţia MODS precoce. Obiectivul
acestui studiu este analiza fenomenului “second hit”,
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respectiv a consecinţelor clinice ale intervenţiilor chi-
rurgicale ortopedice precoce posttraumatic.

Metodă. Studiul retrospectiv a inclus pacienţi
politraumatizaţi având în bilanţul lezional fractură de
diafiză femurală, admişi în secţia de Terapie Intensivă
a Spitalului Clinic de Urgenţă Bucureşti pe o perioadă
de 2 ani. La toţi pacienţii s-a practicat osteosinteza
fracturii de femur în primele 24 de ore de la internare
fie prin fixare externă (principiul Damage Control
Orthopaedics), fie prin osteosinteză internă cu tijă
centromedulară (principiul Early Total Care). Utilizând
fişele pacienţilor, au fost urmărite: mortalitatea la 30
de zile, apariţia sindromului de detresă respiratorie
(ARDS), a sindromului de disfuncţie multiplă de organ
(MODS), a complicaţiilor infecţioase locale (LIC),
durata de şedere în reanimare (ICU LOS), numărul
de zile de ventilaţie mecanică (MV), necesarul trans-
fuzional în primele 48 de ore. Am decis să analizăm
rezultatele pe trei grupuri de pacienţi – grupul pacienţilor
DCO cu şoc, DCO fără şoc şi grupul ETC.

Rezultate. Am observat diferenţe semnificative
statistic între loturi în ceea ce priveşte mortalitatea la
30 de zile (25% în grupul DCO cu şoc faţă de 9,4% în
grupul ETC, respectiv 6,7% în grupul DCO fără şoc;
p = 0,042/0,015), durata de şedere în terapie (16,29 ±
6,7 faţă de 9,92 ± 4,7, respectiv 10 ± 3,9; p = 0,001/

0,002), numărul de zile de ventilaţie mecanică (10,29 ±
5,7 faţă de 6,83 ± 4,7, respectiv 6,8 ± 3,4; p = 0,007/
0,04), precum şi numărul de unităţi de masă eritrocitară
administrate în primele 48 de ore (15,04 ± 4,3 faţă de
8,08 ± 4,3, respectiv 7,33 ± 1,5; p = 0,001/0,001).
Incidenţa MODS şi ARDS a fost de asemenea mai
mare în grupul DCO cu şoc (41,7%, respectiv 29,2%)
faţă de grupul ETC (22,6%, respectiv 17%) şi faţă de
grupul DCO fără şoc (20%, respectiv 20%).
Rezultatele se corelează cu o gravitate mai mare a
bilanţului lezional. Analiza comparativă a celor două
grupuri de pacienţi relativ stabili (ETC şi DCO fără
şoc) a arătat rezultate comparabile. Incidenţa compli-
caţiilor infecţioase locale a fost semnificativ mai mare
la pacienţii cu fixator extern (8,3%, respectiv 6,7%)
faţă de grupul ETC (1,9%; p = 0,18/0,009).

Concluzii. În cazul pacientului politraumatizat stabil,
resuscitat corect, osteosinteza internă cu tijă centrome-
dulară reprezintă o opţiune corectă de tratament. Nu
s-au înregistrat diferenţe semnificative din punct de
vedere al parametrilor evaluaţi la cele două tipuri de
proceduri (ETC şi DCO) aplicate pacienţilor relativ
stabili.

Cuvinte cheie: traumă, control lezional, îngrijire
globală precoce, morbiditate, mortalitate


