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Timing of long bone fracture fixation in severe traumatic brain

injury
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We present a review of the published evidence on the
optimal timing for long bone fracture fixation in severe
traumatic brain injury (TBI); a matter that remains
under debate. Fifteen retrospective articles (level II-3
evidence) were considered suitable for the review. We
conclude that the published evidence does not provide
a definitive answer to the optimal timing of long bone
fracture surgery in severe TBI, and a randomized
controlled trial is required. We recommend a safe
strategy that combines damage control surgery with a
period of monitoring of intracranial pressure, cerebral
perfusion pressure, and if available brain tissue oxygen
until the patient is considered fit for the fracture
fixation.
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he timing of definitive fixation of long bone fracture

in multi-trauma patients has been the subject of
debate for many years. In this review, we attempt to
examine the published evidence on the optimal timing
for long bone fracture fixation in patients with severe
traumatic brain injury (TBI). In addition, we will
discuss a safe strategy for the management of long bone
fractures in patients with severe TBI.

Pathophysiology. Primary TBI is usually the result
of the mechanical forces applied to the brain at the
time of impact that lead to neuronal damage, diffuse
axonal injury, intracranial contusions, and hemorrhages
(Figure 1). The pathophysiology of TBI is fairly
complex. This is because following the trauma, several
inflammatory processes and cascades are initiated with
release of brain-derived proinflammatory mediators
and a chain reaction leading to exacerbation of the
neuroinflammation.! As a result, the traumatized brain
becomes susceptible to secondary insults particularly
hypoxia and hypotension.'

The long bone fracture (Figure 2) is a condition
that can be associated with significant blood loss,
injury to the adjacent soft tissues, systemic release
of inflammatory processes that involve neutrophil
“priming” and activation as well as activation of the
coagulation cascade and the complement system.'?
Long bone fracture is usually treated by internal fixation
(IF). When the operation is carried out early, it is called
Early Total Care Surgery (ETCS). The IF can be carried
out late after an initial conservative management using
a splint, traction, or after an initial damage control
surgery (DCS) with an external fixator."**

Arguments for and against early fracture fixation.
The advantages of ETCS for long bone fractures in
patients with TBI are numerous and include reduction
of noxious stimuli from the fracture site, and reduction
of the soft tissue damage, muscle atrophy, and joint
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Figure 1 - Abrain CT (plain) of a traumatic brain injury patient showing
a right frontal acute subdural hematoma (black arrow),
multiple petechial hemorrhages in the right frontal lobe (white
arrow) with swelling of the right hemisphere and mass effect.

stiffness. In addition, ETCS reduces the risks of many
complications including pulmonary embolism, fat
embolism, gastrointestinal stasis, and pressure sores. It is
also associated with easier nursing, earlier rehabilitation,
and shorter hospital stay.>*> On the other hand; ETCS
for long bone fractures in patients with TBI can be
hazardous. It increases the risk of a secondary brain
injury from cerebral ischemia due to intra-operative
blood loss, hypotension, and uncontrolled rise in
intracranial pressure (ICP). In addition, a secondary
brain insult can be related to electrolyte imbalance and
the lethal triad in trauma: coagulopathy, metabolic
acidosis, and hypothermia.”

Review of published articles. We reviewed all the
English language articles on TBI and long bone fractures
with or without other injuries published over the last 2
decades. We selected only articles that reported patient
series (not reviews), and included patient’s neurological
assessment and the timing of fracture surgery. The ETCS
was defined as IF of a long bone fracture within the first
12-48 hours after the injury. “Late Surgery” (LS) was
defined as IF any time after that. Using data from the
various reports, we calculated the combined mortality
rates for ETCS and LS for long bone fractures in TBI.
In addition, we also calculated combined mortality rates
for patients with severe TBI, patients with documented
episodes of intra-operative raised ICE, and episodes of
intra-operative hypotension and hypoxia.

We found 15 articles, all retrospective, suitable for
inclusion.®?° Table 1 summarizes the mortality rates for
patients that had ETCS and LS in the various reviewed
articles. The mean Injury Severity Score (ISS) in
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Figure 2 - Plain lateral radiograph of the right leg showing a mid shaft
fracture of femur (arrow F) and a tibial plateau fracture (arrow

T).

multiple trauma patients ranged from 23.3' to 35.""
Eight articles reported patients with fractured femur
only,”'""*1 while 7 reported patients with fractures of
any bone including the femur.®'%21320 The time limit
for ETCS was 24 hours in all reports except 2, which
were 12 hours® and 48 hours.” The timing of LS ranged
from 1-7 days for most patients.”!%131517

Eight articles reported patients with severe TBI
(average Glasgow Coma Score [GCS] 4.4-8) only. The
combined mortality rates for these patients were 11.3%
in ETCS, and 20.5% in LS.71112141619.20 Seven articles

Table 1 - Mortality rates for ETCS and LS for long bone fractures in
included published articles.

Author and Year Total Total LS Mortality Mortality
ETCS ETCS LS
Kotwica et al,® 1990 51 49 7 11
Hoffman & Goris,” 1991 15 43 2 20
Poole et al,® 1992 46 26 2 0
Reynolds et al,” 1995 35 57 2 0
Jaicks et al,'® 1997 19 14 2 0
McKee et al,'! 1997 46 99 13 27
Velmbhos et al,'? 1998 22 25 1 2
Kalb et al,” 1998 84 39 8 3
Starr et al," 1998 14 14 0 2
Townsend et al,'> 1998 49 12 5 0
Scalea et al,'® 2000 147 24 15 4
Brundage et al,'” 2002 285 95 11 4
Nau et al,’® 2003 28 120 9 42
Anglen et al,” 2003 10 7 1 0
Wang et al,** 2007 43 53 2 2
Total 894 677 80 117
(8.9%) (17.3%)

*ETCS - early total care surgery, LS - late surgery




Long bone fracture fixation in severe TBI ... Jamjoom & Jamjoom

included patients with a mixture of severe and moderate
TBIL.6#10131718 The combined mortality rates for these
patients were 7.5% in ETCS, and 15% in LS.

Fivearticles reported patients that had intra-operative
episodes of raised ICP (more than 20 mm Hg).!3'>16:1920
The episodes were observed in 34% of patients who had
ETCS, and in 28% of patients who had LS.">'51%2° The
combined mortality rates in the series that reported
ICP monitored patients were 9% for ETCS, and 8%
for LS.131>161920 Five articles reported patients that had
intra-operative episodes of hypotension (systolic blood
pressure less than 90 mm Hg) and hypoxia (oxygen
saturation less than 90%).'%'>131520 The episodes were
observed in 19% and 14% of patients who had ETCS,
and in 18% and 11% of patients who had LS.'*'»1320
The combined mortality rates in the series that reported
patients with intra-operative hypotension and hypoxia
episodes were 8% for patients who had ETCS, and 5%
for patients who had LS.!%!»13:15:20

Level of evidence in the literature. All the articles
that compared ETCS with LS for long bone fractures
in patients with TBI were retrospective, with no
randomization and no controls. This indicates that the
level of evidence in the literature on the subject is II-3
(US Preventive Services Task Force). The main limitation
in these articles is that patients who had ETCS and LS
for long bone fractures were not comparable. There was
variation in their GCS and injury severity score, in the
timing of LS and in the mixing of long bone fractures
with other fractures.?” The influence of this selection
bias on mortality rates would explain the unexpected
finding that the combined mortality rate in ETCS was
lower than in LS for patients with TBI in general (Table
1) (8.9% versus 17.3%),%° and for patients with severe
TBI in particular (11.3% versus 20.5%).711121416.19.20
However, amongst patients who had ETCS, those
with severe TBI had a higher combined mortality rate
than those with a mixture of moderate and severe TBI
(11.3% versus 7.5%),%%° which is not surprising,.

Based on the evidence in the literature, it is fair to
say that at present there is no definitive answer to the
optimal timing for long bone fracture surgery in patients
with severe TBI. Results from articles that reported ICP
monitored patients showed that ETCS was associated
with slightly more intra-operative raised ICP episodes
than LS.'>15161920 Results from articles that reported
patients who were monitored for hypotension and
hypoxia during the IF showed that ETCS was associated
with a slightly more intra-operative hypotension and
hypoxia episodes than LS.'*12131520 Such findings should
be taken as evidence that ETCS for long bone fractures
is potentially hazardous. In addition, the increase in our

understanding of the TBI-related neuro-inflammation
and the susceptibility of the injured brain to a second
hit that can be caused by ETCS is of further support to
this assumption.'”

Strategy for the timing of fracture fixation. A safe
approach for the management of long bone fractures in
severe TBI would be to temporarily stabilize the fracture
by DCS principles using an external fixator."*>*' This
procedure, compared with ETCS, is associated with
reduction in operative time, in blood loss,” and in
mortality rate.” In addition, following DCS the patients
should undergo a period of monitoring of ICP, cerebral
perfusion pressure (CPP), and if available, brain tissue
oxygenation (PbtO,).” The number of days of pre-IF
monitoring is arguable, and can be tailored according to
the individual case bearing in mind that in the multiply
injured, the injury-hyper inflammatory response is
usually reduced by 4 days." Naturally, the IF can be
carried out when the patient’s circumstances become
more optimal; normal hemodynamics, oxygenation
(PaO,/Fi0,>200), coagulation and an ICP, CPP (and
if available PtO,) remaining normal for at least 48
hours."*** Adopting such a protocol will allow surgeons
to standardize their approach to deciding on the optimal
timing for long bone fracture fixation in patients with
severe TBI.

In conclusion, the published evidence in the
literature provides only retrospective observations of
small patient cohorts, hence, the question of the optimal
timing of long bone fracture fixation in patients with
severe TBI cannot be definitely answered, and requires
a multicentre prospective randomized controlled trial.
In the mean time, modern safe neurosurgical standards
necessitate that severe TBI patients should undergo
initial DCS and a period of ICP, CPP (and if available
PbtO,) monitoring, until it is considered safe for them

to undergo the IE.
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