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Abstract
Study Design: Retrospective cohort study conducted at tertiary spinal trauma referral center.

Objective: We aimed to determine if early definitive management of spine fractures in patients admitted to the Intensive Care
Unit (ICU) shortens the intubation time and the length of stay (LOS), without increasing mortality.

Methods: The medical records of all patients admitted to the ICU and submitted to surgical stabilization of spine fractures were
reviewed over a |0-year period. Time to surgery, number of fractured vertebrae, degree of neurological injury, Simplified Acute
Physiology Score (SAPS II), ASA score and associated trauma were evaluated. Surgeries performed on the first 72 hours after
trauma were defined as “early surgeries.” Intubation time, LOS on ICU, overall LOS and mortality rate were compared between
patients operated early and late.

Results: Fifty patients were included, 2| with cervical fractures, 23 thoracic and 6 lumbar. Baseline characteristics did not differ
between patients in both groups. Patients with early surgical stabilization had significantly shorter intubation time, ICU-LOS and
overall LOS, with no differences in terms of mortality rate. After multivariate adjustments overall LOS was significantly shorter in
patients operated earlier.

Conclusions: Early spinal stabilization (<72 hours) of severely injured patients is beneficial and shortens the intubation time,
ICU-LOS and overall LOS, with no differences in terms of mortality rate. Although some patients may require a delay in treatment
due to necessary medical stabilization, every reasonable effort should be made to treat patients with unstable spinal fractures as
early as possible.

Level of Evidence of the Study: Level lll.
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effect of the timing of surgery in polytrauma patients with spinal
fractures, regardless of the presence of neurologic injury.

Introduction

Spinal injuries are reported in up to 46% of patients experien-
cing major trauma.'*

Despite this high incidence of unstable spinal fractures in
polytrauma patients, the optimal timing for spine surgical sta-
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bilization remains controversial. The benefits of an early sur-
gery have to be weighed against the risks that this surgery
entails in this specific population.

Most of the current literature focuses on the optimal timing of
surgical intervention for acute spinal cord injury.>” Although
improved neurologic recovery has been associated to early inter-
vention,” there is little information available regarding the
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Mechanically unstable spine fractures require bedrest until
surgical intervention. This immobilization and recumbency
predisposes patients to pulmonary complications, urinary tract
infection, sepsis, deep venous thrombosis and immune dys-
function.®!" Early intervention of those fractures allows
patients for expeditious mobilization and may consequently
reduce these complications. Furthermore, these benefits seem
more pronounced in multiply injured patients in comparison to
those with isolated orthopaedic injuries.>®

On the other hand, advocates of delayed surgical treatment
argue that, in the initial phase after trauma, patients with mul-
tiple injuries may be too sick to withstand the additional stress
caused by a surgical intervention. This “second-hit” theory,
suggests that the aggression of an early definitive surgery,
combined with the initial trauma (“first-hit”), may entail an
exuberant inflammatory response, leading to a higher mortality
and a poorer outcome.'' '

Early surgical intervention has been accepted into the stan-
dard of care for patients with isolated long-bone fractures'* and
polytrauma patients with long-bone fractures.'” However, the
early total care (ETC) philosophy versus the damage-control
orthopaedics (DCO) attitude is still a controversial topic in
spine fractures.

In the present study, we sought to analyze the effect of early
stabilization of spinal fractures in severely injured patients. The
hypothesis for this study was that early definitive management
of spine fractures in patients admitted to the Intensive Care
Unit (ICU) shortens the intubation time, the length of stay
(LOS) in the ICU and the overall LOS, without increasing
mortality.

Methods

This study was approved by the local ethics committee and was
conducted in compliance with the standards of the Declaration
of Helsinki.

All patients who underwent surgical stabilization of spine
fractures were retrospectively reviewed over a 10-year period
(January 2007 and April 2017) in a single institution, which is a
tertiary spinal trauma referral center. Our hospital has a 24 hour
on-call spine surgeon to respond to urgent spine fractures and
all fractures requiring surgical treatment are operated on the
same day or as soon as possible, independently of the presence
or absence of spinal cord injury.

From a total of 371 cases identified during the analyzed
period, only the severely injured requiring organ support thera-
pies and direct admission to an intensive care unit (ICU) were
included in the study.

All selected patients were characterized in terms of age,
gender, trauma mechanism, localization and number of frac-
tured vertebrae, degree of spine cord injury (ASIA—American
Spinal Injury Association Impairment Scale),'® time to surgery,
length of surgery and number of spinal segments fixed.

The Simplified Acute Physiology Score (SAPS II), the
American Society of Anaesthesiologists (ASA) score, Glasgow
Coma Scale (GCS), need for chest tube, need for intubation,

hemoglobin and hematocrit at admission, need for transfusion
and associated trauma were also analyzed. SAPS II score,'” is a
severity score and mortality estimation score for patients
admitted to intensive care units that is routinely evaluated at
our institution by the senior intensivist at the ICU who was
blind to the patient results and surgical strategy. It consists of
17 variables (age, heart rate, systolic blood pressure, tempera-
ture, Glasgow Coma Scale, mechanical ventilation or CPAP,
Pa02, FiO2, urine output, blood urea nitrogen, sodium, potas-
sium, bicarbonate, bilirubin, white blood cell count, chronic
diseases and type of admission) and its results range from
0 and 163 points, with the lowest values indicating 0% mortal-
ity and highest values indicating 100% mortality.

Time to surgery was defined as the number of hours between
patient’s arrival at the emergency department and the time at
which the spine surgery was initiated. Seventy-two hours was
defined as the cut-off between early and late surgery. This time
frame was chosen since it is the most commonly used in pre-
vious studies®>>'%1%19 5o that we could obtain comparable
data. As such, surgeries performed in the first 72 hours after
admission were defined as “early” and those occurring latter
than 72 hours after trauma were defined as “late surgeries.”

The main outcomes compared between groups were intuba-
tion time, length of stay (LOS) in the ICU, overall LOS and
mortality rate.

Statistical Analysis

The IBM Statistical Package for Social Sciences (SPSS), ver-
sion 23, was used for statistical analysis. Descriptive statistics
were calculated and Kolmogorov-Smirnov test was used for
assessing normal distribution. Depending on the variable ana-
lyzed, Chi-square, Fisher’s exact test, #-test and Mann-Whitney
U-test were used to compare early versus late groups.

Pearson product-moment correlation was run to determine
the relationship between surgery delay and the outcomes.

Multivariate analysis (logistic regression) was performed to
explore the effects of potential confounders on the outcomes
measured.

All P values < 0.05 were considered statistically significant.
Variables included in the logistic regression model were based
on clinical indication or P value < 0.05 on univariate analysis.
Odds ratios and 95% confidence intervals were calculated
when appropriate.

Results

Of the initial 371 cases of surgical spine fractures identified,
50 patients were severely injured and admitted to an intensive
care unit (ICU) and were included in the final study.

Of these 50 patients, 40 were male and 10 were female, with
a mean age of 53 + 18 years (20-86).

In terms of anatomical distribution, 21 patients had cervical
fractures, 23 thoracic and 6 lumbar, with a mean of 2 fractured
vertebrae per patient. All patients with a cervical fracture were
treated by an isolated anterior approach and those with thoracic
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Table I. Baseline Data in Severely Injured Patients With Different Table 2. Outcome Parameters With Different Surgical Timings.
Surgical Timings.
Early 72h  Late 72h
Early 72h Late 72h P n = 34* n= 0% P value
n=38 n=12 value
Intubation time, days 72 £ 67 142 + 9.2 <0.05 (0.036)
Male Sex 29 (76%) 11 (92%) 0.416 ICU length of stay, days 20 + I5.1 29 + 9.6 <0.05(0.011)
Mean Age, years (range) 52 + 18(28-81) 55 + 18(20-86) 0.578 Overall length of stay, days 34 + 15 60 + 24 <0.001
Cervical 17 (45%) 4 (33%) 0.880
Thoracic 17 (45%) 6 (50%) *Patients that died during hospital stay were not included in this analysis.
Lumbar 4 (10%) 2 (17%)
Number of segments 2.08 (1-4) 1.42 (1-4) 0.134
fractured
Number of segments 4.24 (2-8) 3.75 (2-8) 0.444
involved e
Spinal cord injury 20 (53%) 4 (36%) 0.496 °
Chest tube 15 (40%) 6 (50%) 0.658 100,00
GCS < 14 19 (50%) 5 (42%) 0.787
Hemoglobin at admission 1.7 + 42 124 + 47 0.645 -
(g/dL) :
Hematocrit at admission 35.1 + 88 357 £ 87 08I3 “E:
(vol%) &
Transfusion (unit) 3.1 +22 24 + 3 0.457 a
Operating time, min 187 + 71 159 + 111 0.449 ’s
SAPS Il score 4 + 14 36 +9 0.178 | £ ™
ASA score lll 12 (32%) 4 (33%) 0.892
ASA score IV 21 (58%) 7 (55%)
Mortality Rate 4 (11%) 2 (17%) 0.621

SAPS Il Score: Simplified Acute Physiology Score; ASA: American Society of
Anesthesiologists; GCS: Glasgow Coma Scale.

and lumbar fractures were submitted to open pedicle screw
instrumentation with or without decompression.

The most frequent mechanism of injury was fall from height
above 3 meters (n = 26), followed by motorcycle vehicles
(n = 10).

Forty nine percent of patients had some degree of spinal
cord injury at admission (ASIA A-D).

Mean SAPS II score was 42 + 12 (24-72) which translates
an average predicted mortality rate of 30% at 24 h. Sixty per-
cent of patients had an ASA IV score.

In average, patients had 2 fractured vertebrae/ spinal seg-
ments requiring surgical fixation. In 35% of patients another
surgical procedure was performed at the same surgical time.
Median operation time (which included those additional sur-
geries) was 3 hours (range: 57 to 465 minutes).

The median delay to surgery was 13 hours (range 3 to
672 hours, average 88 hours). In the “early surgery” group the
median delay to surgery was 9 hours. Conversely, the “late
surgery” group had a median delay to surgery of 14 days (range
78 to 672 hours, average 338 hours).

Baseline characteristics (including SAPS II and ASA scores,
injured spinal region, neurologic injury and mortality rate)
did not differ between patients in both groups (P > 0.05;
Table 1).

Twenty of the 24 patients with spinal cord injury were sta-
bilized early, ideally within the first 6-12 hours. Patients with
spinal cord injury had higher ICU-LOS (P = 0.043).

T T T T
20 40 60 80 100

Overall length of stay (days)

Figure |. Delay to surgery correlates strongly with hospital stay
(r =0.594, n = 44, P < 0.001).

Patients submitted to early surgical stabilization had signif-
icantly shorter intubation time, shorter ICU-LOS and shorter
overall LOS (Table 2), with no differences in terms of mortality
rate (Table 1).

Greater advantages were seen in patients with an associated
thoracic trauma (n = 34). In this subgroup patients, those
treated within the first 72 h had shorter mechanical ventilation
time (7,7 days versus 14,6 days in those operated after the first
72h (P = 0.03)).

After multivariate adjustments for all baseline characteristics
evaluated (Table 1) overall LOS was significantly shorter in
patients operated earlier and delay to surgery significantly pre-
dicted length of stay (F (9, 23) = 5.317, P < 0.001, R* = 0.675).
There was also a strong, statistically significant, positive corre-
lation between time to surgery and hospital stay (r = 0.594,
n =44, P <0.001) (Figure 1).

Discussion

The concept of early spine fixation for polytrauma patients
without neurological deficits remains a controversial topic.
Indeed, the process of decision making for spinal fractures in
such specific population is complex and lacks a consensual
standard of care. Polytrauma patients present a great number
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of associated injuries and frequently are in critical condition.
These conditions make the decision about timing and type of
surgical treatment very difficult, as well as how to prioritize the
treatment of the numerous injuries.

Many authors in the past were advocates of delayed surgical
treatment. This, as above-mentioned, would potentially render
the patients more stable to then withstand the additional stress
caused by a spine surgery.''"'®> Nonetheless, others, as sup-
ported by this study, have clearly questioned this classic
delayed philosophy.*'?2?

One of the major studies with 229 polytrauma patients that
underwent early spine fixation within 72 h** revealed that these
patients had a shorter ICU, shorter overall LOS and a lower rate
of respiratory complications compared to patients who under-
went delayed treatment. These better outcomes were even seen
in patients with associated thoracic trauma or with neurological
injury.?* These results were further confirmed by other study,'®
that reported a lower incidence of venous thrombosis, respira-
tory distress syndrome and overall LOS with early spine fixa-
tion. In another study analyzing only thoracic fractures,” the
delayed surgical treatment after 72 h was also associated with
an increased risk of pneumonia and also an increased need for
prolonged mechanical ventilation.

Patients with thoracic fractures or with an associated thor-
acic trauma showed in our cohort the greatest advantages. This
is very important in the decision making about these patients,
because thoracic fractures are the most common fractures in
polytrauma patients and thoracic trauma has major incidence in
this population.?*

In a single-cohort prospective study,?” polytrauma patients
with spinal fractures were evaluated to determine whether
urgent (< 24 hours) surgical stabilization of the spine fractures
increased the risk compared with early (24-72 hours) treat-
ment. They found no complications in either group, and no
revisions were needed in the urgent group. They concluded that
urgent stabilization is safe in polytrauma patients, particularly
in the setting of neurological deficit or fracture instability.

In a recent study.® with data from the Trauma Registry
of the German Trauma Society, it was also analyzed early
(< 72 hours) versus late (> 72 hours) surgical treatment in
polytrauma patients with spinal injuries. They found that early
stabilization was associated with a shorter LOS, shorter ICU
stay, and reduced rate of sepsis compared with those with late
stabilization. In our study, patients treated within 72 hours also
had shorter ICU stay (20 versus 29 days), overall LOS (34 ver-
sus 60 days) and need for mechanical ventilation (7.2 versus
14.2 days). Furthermore, patients not operated in the first
72 hours, often went through a long worsening period (lasting
between 7 and 21 days in our study) before being stabilized for
surgery.

In our study we found that patients with worse mean SAPS
score were more likely to be treated with early stabilization
(42 vs 36, although without statistical difference, P = 0.178).
However, our study differs from previous reports®? since here,
logistic regression was used in order to mitigate potential con-
founding factors of the independent effect of early treatment.

This allowed us to conclude that early surgical stabilization is
independently and significantly associated with reduced LOS.
The similar results showed in other studies aforementioned,
further validates our findings.

The eligibility of a polytrauma patient to early surgical
treatment is largely influenced by their hemodynamic stability.
While, some studies®® have reported an increased blood loss in
these patients, this was not found in our study.

There are several limitations to this study worthy of discus-
sion. Firstly, as in most part of the studies in the literature, our
population is heterogeneous with a variety of spinal injuries;
various associated neurological, thoracic, and abdominal inju-
ries; different injury severities and a mix of baseline patient
health status and comorbidities. Secondly, it is a retrospective
study with a relatively low population number from a single
institution. Additionally, and one of the most important limita-
tions is that patients could not be randomized in early or
delayed operative groups. Nevertheless, we, unlike others, have
used logistic regression to account for baseline confounders
and mortality rate in order to reduce this bias. Further research
should be made to identify clear and specific criteria in these
severe polytrauma patients that make them candidates for early
surgeries.

In conclusion, this study demonstrates that early spinal sta-
bilization (<72 hours) of severely injured patients is beneficial
and shortens the intubation time, ICU-LOS and overall LOS,
with no differences in terms of mortality rate. Although some
patients may require delay due to necessary medical stabiliza-
tion, every reasonable effort should be made to treat patients
with unstable spinal fractures as early as possible. If an early
surgical treatment is feasible, severely injured patients may
benefit from a shorter period of hospital stay.
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