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External Fixation or Arteriogram in Bleeding Pelvic Fracture:
Initial Therapy Guided hy Markers of Arterial Hemorrhage

Preston R. Miller, MD, Phillip S. Moore, MD, Eric Mansell, MD, J. Wayne Meredith, MD, and

Michael C. Chang, MD

Background: Bleeding pelvic frac-
tures (BPF) carry mortality as high as
60%, yet controversy remains over opti-
mal initial management. Some base initial
intervention on fracture pattern, with im-
mediate external fixation (EX FIX) in
amenable fractures aimed at controlling
venous bleeding. Others feel ongoing he-
modynamic instability indicates arterial
bleeding, and prefer early angiography
(ANGIO) before EX-FIX. Our aim was to
evaluate markers of arterial bleeding in
patients with BPF, thus identifying pa-
tients requiring early ANGIO regardless
of fracture pattern.

Metheds: Patients with pelvis frac-
turewereidentified from aLevel | trauma
center registry over a 7-year period and
records reviewed. From this group, two
subsets were analyzed: those with initial
hypotension related to pelvic fracture, and
those without hypotension who underwent
pelvic ANGIO. Data included hemody-
namics, response to resuscitation, pres-
ence of contrast blush on CT, fracture
treatment and outcome. Adeguate re-
sponse to initial resuscitation (R) was de-

fined as a sustained (>2 hours) improve-
ment of systolic blood pressure to >90
mm Hg systolic after theadministration of
=2 units packed red blood cells. Those
with repeated episodes of hypotension de-
spite resuscitation were classified as non-
responders (NR)

Results: From 1/94-1/01, 1171 pa-
tients wer e admitted with pelvic ring frac-
ture. Thirty-five (0.3%) had hypotension
attributable to pelvis fracture. 28 fell into
the NR group, and 26 of these underwent
ANGIO. Nineteen (73%) showed arterial
bleeding while 3 resuscitation response
patients underwent ANGIO with none
demonstrating bleeding (p = 0.03). Sensi-
tivity and specificity of inadequate re-
sponse to initial resuscitation for predict-
ing the presence of arterial bleeding on
ANGIO were 100% and 30% respectively
while negative and positive predictive
value were 100% and 73%. In patients
with fractures amenableto external fixation
(n = 16), 44% had arterial bleeding on AN-
GIO, and all were in the NR group. An
additional 17 patients without hypotension
also underwent ANGIO. Contrast blush on

admission CT was seen in 4, 3 of which had
arterial bleeding seen on ANGIO (75%).
Sensitivity and specificity for contrast blush
in predicting bleeding on ANGIO wer e 60%
and 92% with positive and negative predic-
tive value being 75% and 85%.

Conclusions: |n patients with hypo-
tension and pelvic fracture, therapy selec-
tion based on initial response to resuscita-
tion in BPF yields a 73% positive ANGIO
rate in NR patients. Delay in ANGIO for
EX FIX in patients with amenable frac-
tures would have delayed embolization in
the face of ongoing arterial bleeding in
44% of patients. In stable patients with
pelvic fracture, contrast blush also indi-
cates a high likelihood of arterial injury
and ANGIO isindicated. Optimal therapy
in the face of BPF requires early determi-
nation of the presence of arterial bleeding
so that ANGIO can be rapidly obtained,
and response to initial resuscitation as
well as the presence of contrast blush aid
in this decision.
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elvic fractures after trauma present in two broad catego-
ries: those that disrupt the mechanical stability of the
pelvis with therapy addressing reconstruction and rehabil-
itation, and those that present with life threatening hemorrhage
and thus require prompt therapy aimed at hemostasis. Decision
making in the former category is usually made in the first days
to weeks after injury. Decisions concerning bleeding pelvic
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fracture however, must be made rapidly if exsanguination and
death are to be avoided.

Pelvic hemorrhage may stem from several sources and the
interventions used in management of these patients address these
sources in different ways. Significant venous bleeding may oc-
cur from the pelvic soft tissue, pelvic veins, and fracture ends.
Hemorrhage may also occur from the large arteries that traverse
the pelvisif they are lacerated during injury. Venous bleeding is
well addressed with externa fixation, and this has been shown
by severa |nveﬂ|gators to limit blood loss when applied
appropriately.* Arteriography and embolization of bleeding
vessls has emerged as an excellent method of management
when arteria bleeding exists* Although both modalities are
vital to improved outcome in patients with bleeding pelvic frac-
ture, controversy remains over the timing and optimal order of
external fixation and angiography. Some have used EX-FIX as
afirgt line therapy in amenable fractures and reserved ANGIO
for patients who exhibit ongoing hemodynamic instability after
application of EX-FIX.>*° Others have aggressively employed
ANGIO in the face of hemodynamic instability, with EX- FIX
following ANGIO if required based on fracture pattern.*®
Given that each therapy addresses different bleeding sources,
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optimal initia therapy would be best chosen based on whether
the source of bleeding was predominately arteria or venous.
Making this distinction is difficult in the multi-trauma patient,
however. Given this diagnostic problem, our goal was to exam-
ine patients with pelvic fracture to determine whether there were
characteristics present at or shortly after admission, which could
indicate arterial bleeding, thus prompting ANGIO. Two groups
of patients were evaluated for such factors: a group of patients
with hypotension at presentation attributable to pelvis fracture,
and a group of stable patients undergoing ANGIO, some of
whom, despite hemodynamic stability, had arteria bleeding
diagnosed.

PATIENTS AND METHODS
Patients

All patients admitted to Wake Forest University Baptist
Medica Center with pelvic fractures over a 7-year period were
identified from the ingtitution’ s traumaregistry. From this group,
all patients having hypotension in the emergency department
attributable to pelvic bleeding and all patients undergoing pelvic
arteriogram for bleeding were examined, and records reviewed
for demographics, injury and hemodynamic characterigtics, hos-
pitd course and outcome. Data examined included age, injury
characteristicsand injury severity score (1SS), admission systolic
blood pressure and heart rate, base deficit, response to initial
resuscitation, transfusion requirement, contrast blush on initial
computed tomography (CT), and fracture pattern. Adequate re-
sponse to initia resuscitation was defined as a sustained (>2
hours) improvement of systolic blood pressure to >90 mm Hg
after the adminigtration of =2 units packed red blood cells.

For the purposes of this project, pelvic radiographs and CT
scans were reviewed by a radiologist to assit in interpretation
and classfication. Fractures were classified according to the
Y oung-Burgess modification of the Tile-Pennd classification
system.® This is shown in Figure 1.

Pelvic Fracture Management

The general practice pattern at our ingtitution has been to
proceed with ANGIO for possible embolization before EX-FIX
if patients continued to have episodes of hemodynamic instabil-
ity from pelvic bleeding after admission. Intra-abdominal
sources were ruled out by supra-umbilical diagnostic peritoneal
tap or CT scan if patients were stable enough to be safely taken
to the scanner. If fracture patterns were amenable, the pelviswas
closed by being wrapped in abed sheet before transport to CT or
ANGIO. Patients requiring immediate laparotomy have gener-
ally had EX-FIX placed in the operating room after |aparotomy
if the fracture pattern warranted this. Ongoing instability after
control of intraperitoneal hemorrhage prompted ANGIO imme-
diately after operation.

Pelvic angiography was performed by interventional radi-
ology attending in conjunction with house staff. Micropuncture
was used to obtain access into the right common femoral artery.
A catheter was advanced to the distal aorta and angiography
performed in multiple views. The catheter was then advanced
into the left iliac artery and the interna iliac artery selectively
entered. Contrast injection and angiography were again per-
formed in multiple projections. The catheter was then withdrawn
to thejunction of the external and internal iliac artery on theright
and additional injections performed. Areas of ongoing bleeding
or vess injury were selectively embolized using coils, Gel-
foam, and polyvinyl acohol particles as needed. Completion
angiogram was used to confirm cessation of bleeding.
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APC (anterior-posterior compression)
Type I: Isolated pubic diastasis and/or pubic ramus disruption <2.5 ¢cm
Type II: Anterior ramus fractures and/or diastasis >2.5 cm with widened SI
joint(s). Rotationally unstable
Type III: Disruption of symphysis or significant separation of anterior vertical
ramus fractures. Disruption of anterior/posterior ligaments of SI joint.
Rotationally and vertically unstable

LC (Lateral Compression)
Type I: Horizontal fractures of pubic rami. Impaction injury/fracture of sacrum
Type IT: Horizontal fractures of pubic rami with ligamentous or bony disruption
of SI joint
Type III: Horizontal fractures of pubic rami with contralateral ramus and SI joint
disruption (APC type injury)

VS {vertical shear)
Complete bony and ligamentous disruption of hemipelvis with vertical
displacement

CM (combined mechanism)

Combination of injury patterns

FIG 1. Young-Burgess modification of the Tile-Pennal pelvic frac-
ture classification system.

External fixators were applied in the operating room by an
orthopedic surgery attending in conjunction with residents. An-
terior external fixation devices were used with the bars placed in
a podition to avoid interference with laparotomy if necessary.
Fractures considered amenable to EX FIX included APC 11, 111,
LC I, VS and CM type fractures.?

Statistical Analysis

Statistical analysis was performed using Statview 5.0 (SAS
Ingtitute Inc., Cary, NC, U.S.A.). Dichotomous variables were
compared using Chi Square or Fisher’s exact test where appro-
priate. Continuous variables were compared using Student’s t
test. Significance is defined as p = 0.05.

RESULTS

Between 1/1/1994- 1/31/2001, 1171 patients were admitted
to Wake Forest University Baptist Medical Center with pelvic
fractures. This group had a mean age of 41 + 21 years, amean
ISS of 18 + 13, mean base deficit of -6.8 = 5.8, and overal
mortality of 14%. Of these patients, 35 (0.3%) were hypotensive
in the emergency department with hypotension attributable to
pelvic fracture, and these are the primary focus of this report. Six
of these had intra-abdominal source of hemorrhage ruled out by
diagnostic peritoneal tap, 22 by abdominal computed tomogra-
phy, and 7 remained hemodynamically labile after abdominal
procedure (3 splenectomies, 1 hepatorrhaphy, 2 diverting colos-
tomies, and 1 nontherapeutic laparotomy). The demographics
and injury characteristics of these patients are shown in Table 1.
This is a severely injured group of patients as shown by high
injury severity scores (1SS), low admission systalic blood pres-
sures, and significant metabolic acidosis. As predicted by the
admission characterigtics, the mortality of thisgroup isalso high.
Of the 12 deaths related to pelvic bleeding, 1 was from ongoing
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Table 1 Admission Characteristics of Patients with
Hypotension Attributable to Pelvic Bleeding (n = 35)

Table 3 Injury and Hemodynamic Characterigtics in
Patients with Initial Hypotension Undergoing Angiogram

Mean *+ Standard Deviation

Age (years) 46 + 21
ISS 35+ 16
Male/Female 28/7
SBP (mm/Hg) 84 + 33
Heart rate (beats/minute) 105 = 25
BD (mEg/L) -11.4 +6.6
Mortality 19 (54%)
Mortality related to pelvis fracture 12 (34%)

ISS, injury severity score; SBP, systolic blood pressure; BD,
base deficit.

hemorrhage from bleeding not controlled by ANGIO or EX-FIX
and the remaining 11 were from the sequelae of hemorrhagic
shock with metabolic exhaustion.

Therapy aimed at management of pelvic bleeding varied
with 19 undergoing pelvic ANGIO, 6 undergoing EX-FIX, and
10 having both ANGIO and EX-FIX (5 ANGIO first, 5 EX-FIX
first). Of the 5 patients receiving EX-FIX firg, al but 1 were
aready in the operating room for emergent laparotomy when
fixation was applied. In the 5 patients undergoing EX-FIX after
ANGIO, 3 were done due to concern for ongoing bleeding, and
2 were done for skeletal stabilization only. Table 2 shows a
comparison of characteristics and outcomes in these subgroups.
The group undergoing both ANGIO and EX-FIX is indistin-
guishable from the group undergoing ANGIO aone, but ismore
severely injured with greater shock than the group receiving
only EX-FIX. This generally reflects our ingtitutions manage-
ment pattern with those patients perceived to have ongoing
bleeding and severe shock undergoing ANGIO. While it is not
possible to completely exclude arteria bleeding in the 6 patients
managed with EX-FIX aone because no ANGIO was done,
sustained response to resuscitation combined with a mean trans-
fusion requirement of only 4 units PRBCs would seem to make
ongoing arterial bleeding unlikely.

Of the 35 patients exhibiting hypotension in the emergency
department, 29 underwent ANGIO (with or without EX-FIX).
Twenty-six underwent ANGIO due to repeated episodes of
hemodynamic instability, and 3 because the fracture pattern was
felt to warrant arterial evaluation. Mean time elapsed from ad-
mission to ANGIO in patients without preceding EX-FIX was
155 * 46 minutes. Nineteen (65%) of these were positive for
ongoing arteria bleeding. An additional 3 showed some sign of

Table 2 Comparison of Patient Characteristics and
Outcome in Hypotensive Patients Undergoing ANGI O,
EX-FIX, and Both Therapies

ANGIO (n = 19) EX-FIX (n = 6) Both (n = 10)
ISS 36 22 40*
BD (mEg/L) -12.7 -7.2 -11.5*
SBP (mmHg) 86 92 75
24 hour xfusion 16* 4 19*
(units PRBCs)
Mortality 13 (68%) 1(17%) 5 (50%)

ANGIO, angiogram; EX-FIX, external fixation; ISS, injury severity
score; BD, base deficit; SBP, systolic blood pressure; xfusion, trans-
fusion; PRBCs, packed red blood cells.

*p < 0.05 vs. EX-FIX groups.
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Bleedin No bleedin
ey NS pvae
Age (years) 44 56 0.15
ISS 38 30 0.74
SBP (mm/Hg) 78 91 0.34
Heart rate (beats/ 113 98 0.13
minute)
BD (mEg/L) -12.9 -11.2 0.54
Transient/no 19 (100%) 7 (70%) 0.03
response to
resuscitation
CT contrast blush 8/12 (67%) 2/8 (25%) 0.17

ISS, injury severity score; SBP, systolic blood pressure; BD,
base deficit; CT, computed tomography.

arterid injury (vessdl irregularity, pseudoaneurysm), but did not
exhibit ongoing hemorrhage. To examine characteristics associ-
ated with ongoing arteria bleeding and therefore need for arte-
riogram, patients with and without angiographic evidence of
continued bleeding are compared in Table 3. While there is a
trend toward higher heart rate and greater prevalence of CT
contrast blush in the group with arterid bleeding, the only
statistically significant difference was that those with ongoing
bleeding were less likely to show a sustained response to initial
resuscitation (NR). Of the patients with initia hypotension, 28
were NR patients. A tota of 26 NR patients underwent ANGIO
with 19(73%) showing arterial bleeding while 3 of 7 patients
demonstrating adequate resuscitation response underwent AN-
GIO. None of these 3 demonstrated bleeding on ANGIO (p =
0.03). The 2 NR patients not undergoing ANGIO received
EX-FI X and showed no further evidence of bleeding. The sen-
Sitivity, specificity, as well as negative and positive predictive
value for NR in predicting arteria bleeding in patients with any
hypotension in the emergency department are shown in Table 4.
Had only NR patients undergone ANGIO, positive ANGIO rate
would have increased, and no patients with arterial bleeding
would fail to undergo ANGIO.

Of the 35 hypotensive patients, 16(46%) had pelvic frac-
tures amenable to external fixation. ANGIO was performed in
11 of these with 7 showing arteria bleeding. Thus any delay in
ANGIO for EX-FIX in these patients would have subjected 7/16
(44%) to ongoing arterial bleeding and its consequences.

Performing early ANGIO in NR patients who present with
hypotension appears reasonable given the preceding data. In a
broader review of our ANGIO experience over the same time
period, however, it was noted that some positive ANGIOs oc-

Tahle 4 Sensitivity, Specificity, Negative Predictive
Value and Positive Predictive Value for Inadequate
Response to Initial Resuscitation (NR) in Predicting
Arterial Bleeding on Angiogram*

(%)

Sensitivity 100
Specificity 30
Negative predictive value 100
Positive predictive value 73

* Applies to patients with any hypotension in emergency depart-
ment.
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Table 5 Injury and Hemodynamic Characteristics in
Pelvic Fracture Patients Without Hypotension
Undergoing Angiogram

Arterial No

bleeding bleeding p Value

n=295) (n=12)
Age (years) 53 41 0.16
ISS 29 24 0.50
SBP (mm/Hg) 127 130 0.84
Heart rate (beats/minute) 104 96 0.50
BD (mEg/L) -9.0 -4.8 0.14
CT contrast blush 3/5 (60%) 1/12 (8%) 0.05

ISS, injury severity score; SBP, systolic blood pressure; BD,
base deficit; CT, computed tomography.

curred in patients without any episodes of hypotension. Thusthe
records of al patients undergoing ANGIO with pelvis fracture
but no hypotension were reviewed to determine whether there
were specific characteristics associated with positive ANGIO in
this population.

During the same time period, 17 patients with no hypoten-
sion received pelvic ANGIO. These patients underwent ANGIO
on the basis of the presence of contrast blush on CT (n = 4), size
of pelvic hematomaon CT (n = 2), or fracture pattern perceived
to place patient at high risk of arterid injury (n = 11). Of these,
5 (29%) were positive for arteria bleeding. The characteristics
of those with positive and negative ANGIO are compared in
Table 5. The hemodynamic characteristics of the groups are
similar, but the group with positive ANGIO was more likely to
show acontrast blush on admission CT. The predictive ability of
contrast blush on CT for arteria bleeding on ANGIO is shown
in Table 6. The presence of contrast blush identifies those likely
to have positive ANGIO with reasonable reliability. Had inad-
equate response to initial resuscitation in those with initial hy-
potension been paired with contrast blush on CT in the remain-
ing non-hypotensive patients as a trigger for ANGIO, 22 of 24
patients with positive arteria bleeding on ANGIO (92%) would
have been identified.

Incidence of arteria bleeding in each fracture pattern was
compared in al patients undergoing ANGIO (n = 46) to deter-
mine whether important differences existed. Overal there were
18 APC lesions (10 APC |, 4 APC I, and 4 APC 111), 25 LC
lesons(BLCI,11LCIl,and5LCIII), 2 VSlesons, and 1 CM
lesion. Eleven of the APC lesions (61%) had positive ANGIO (7
APCI, 1L APCII and 3 APC I11) as compared with 13 (52%) of
the LC lesions (p = 0.55). Positive ANGIO in the LC patients
included 5LCI,5LCIlI, and 3 LC Il fractures. No VS or CM
lesionshad arteria bleeding on ANGIO. Theincidence of sciatic

Tahle 6 Sensitivity, Specificity, Negative Predictive
Value and Positive Predictive Value for Contrast Blush
on Computed Tomography in Predicting Pelvic Arterial
Bleeding on Angiogram*

(%)

Sensitivity 60
Specificity 92
Negative predictive value 85
Positive predictive value 75

* Applies to patients without hypotension in emergency depart-
ment.
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notch fracture association with arterial bleed in patients under-
going angiogram was also examined. Of the 46 ANGIOs per-
formed, 10 were in patients with sciatic notch involvement.
Seven of these 10 (70%) showed arteria bleeding. This is
compared with 17 positive ANGIOs in 36 patients (47%) with-
out sciatic notch fracture (p = 0.20).

DISCUSSION

Although varying agorithms for initiad management of
BPF have been proposed in the past, a central question in the
decison making process is whether arterial bleeding is present.
If this question can be reliably answered, the subsequent man-
agement with early ANGIO fdlls into place. It has long been
recognized that BPF is an immediately life threstening injury
and much work has been done to increase our understanding of
its pathophysiology. This dangerous hemorrhage can come from
fracture bleeding, injury to the rich venous plexus in the pelvis
or the mgjor pelvic veins, and findly, laceration of the arteries of
the pelvis. As this understanding has emerged, methods of ar-
resting this bleeding have been developed, and the two most
commonly employed are external fixation of the pelvic fracture,
and ANGIO for identification and embolization of pelvic bleed-
ing. Some have advocated immediate EX-FIX for BPF and
document control of hemorrhage, lower transfusion requirement,
and improved survival.>3° This method is believed to provide a
tamponade effect aimed at venous bleeding and perhaps small
vessd arterial bleeding.’®** Aggressive early ANGIO s advo-
cated by others even in the face of fracture pattern amenable to
EX-FIX #5710 This approach is effective in dealing with large
arteria injury via embolization. Controversy remains over the
relative contribution and appropriate order of the two therapies
to BPF management. Given that each therapy addresses different
stes of bleeding, initia treatment should optimally be aimed at
the predominant source of bleeding: arterial or venous. Arterial
bleeding is known to occur in pelvic fracture patients both with
and without initial hypotension. These data support the concept
of using response to initial resuscitation in hypotensive patients,
and contrast blush on CT in stable patients to identify patients
likely to have arterial bleeding who will therefore benefit from
ANGIO with embolization. These markers have clinicd utility
in that they are discernable at or shortly after admission and lead
to a high rate of bleeding identification on angiography in both
populations.

Angiography

ANGIO and embolization has emerged as one of the cor-
nerstones of management of BPF in the face of arteria injury.
The technique was initialy described as early as 1972 and is
currently well established as an effective means of dealing with
arterial hemorrhage.’? Panetta et al. demonstrated ANGIO and
embolization to be an effective means of controlling massive
retroperitoneal hemorrhage in the face of pelvic fracture.* They
cautioned that early embolization was “imperative in reducing
transfusion reguirements and associated complications.” Others
have echoed the utility of ANGIO in controlling arterial bleed-
ing and found that timely performance of embolization to be
associated with improved outcome.” Certainly unchecked arte-
rial bleeding has detrimental effects. It isfor this reason that the
markers for the early identification of patients likely to have
arterial bleeding are important.

Fracture Pattern

Others have sought patterns of injury associated with arte-
rial laceration and these may give clues as to which patients are
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at risk. Fracture pattern and its relationship to outcome has been
examined, and Burgess et d. found that APC type injuries were
associated with h|gher transfusion requirement and mortality
than other patterns Severd groups have demonstrated that
patients requiring embolization were significantly more likely to
have fracture patterns associated with malg3 r ligamentous disrup-
tion (APC 1, 111, LC 111, VS and CM).>3 Fractures through the
sciatic notch are dso felt to be associated with a high rate of
arterld |njury due to the proximity of the superior gluted
artery.* Our data show no clear relati onship of fracture pattern
to arterial bleeding, but meaningful conclusions concerning this
are difficult because not all patients admitted during the study
period with each fracture pattern were evauated. It is clear,
however, that exsanguinating hemorrhage can and does occur in
seemingly low risk patterns such as APC I. The understanding of
which patterns are more likely to have associated arteria bleed-
ing is important, but decision to obtain arteriogram based on
fracture pattern alone would lead to very low overall yield.

Computed Tomography

Blush indicating extravasation of contrast on CT scan has
been examined as a method of determining the presence of
arterial bleeding and therefore the need for ANGIO. This
method has been found to be areliable marker with sensitivities
from 80 to 84% and specificities from 85 to 98% being
reported.™>™" Our experience with this has been similar, and it
appears clear that patients with blush on admission CT are likely
to require embolization on ANGIO. Arterial bleeding frequently
produces repeated episodes of hypotension however, and trans-
porting such patients to the CT scanner places them at risk. For
thisreason CT blush cannot serve asthe soletrigger for ANGIO.
These dataindicate that it is in such patients that the response to
initial resuscitation can serve as a vaduable indicator of likely
arterial bleeding. Seventy-three percent of patients who were
initially hypotensive and did not respond to initial resuscitation
required embalization, while no patient showing a sustained
response went on to embolization.

External Fixation

External fixation remains one of the mainstays in pelvic
fracture management. The framework provides skeletal stabili-
zation thus aiding in healing. In addition, it has been shown by
many authors to aid in hemorrhage control. The mechanism by
which this happensis not completely clear, however. Some have
proposed that closure of the pelvis reduc& pelvic volume, there-
fore providing a tamponade effect.® Grimm et a. however,
demonstrated in a cadaveric open book pelvic fracture model
that pelvic closure was unlikely to provide adequate pressure for
effective tamponade.’® Other proposed mechanisms include re-
duction of bleeding by re-gppostion of bony fragments, or
promotion of hemostasis by avoiding clot disruption with bony
movement.** Certainly al of these mechanisms may play com-
plimentary roles in the efficacy of EX-FIX in controlling bleed-
ing, but thisform of therapy isunlikely to be effective in dealing
with significant arterial bleeding.

The data concerning the role of EX-FIX in hemor-
rhage control have led some investigators to recommend
initial use of EX-FIX in amenable fractures if there is
evidence of ongoing bleeding.!*° This is followed by
ANGIO if there is continued evidence of bleeding after
EX-FIX placement. The current study suggests that such
strategy will lead to delay in effective control of arterial
bleeding in over 40% of patients presenting with initial
hypotension. EX-FIX is commonly placed in the operating
room necessitating delaysin ANGIO if it is needed. There
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Compiete Evaluation

; B N
Pelvis Fracture Including CT Scan

Hypotension
Blush seen on
CT?(Arterial

Wrap Pelvis w1th Sheet/Binder Bleedinhg Likely)

UItrasoundlDlagnostlc Peritoneal Lavage

Grossly
Posmve

L.aparotomy
(with EX-FIX if amenable fracture)

Grossly
Negative

Sustained Response to
Initial Resuscitation?

No (Arterial
Bleeding
Stable Likely)

*Yes

\
Fracture Amenable +—— Angiography
to EX-FIX?

ICU <——— Angiography Y/\

EX-FIX > icu

Yes

* Complete evaluation including computed tomography may also be done at this time
FIG 2. Algorithm for management of bleeding pelvic fracture.

are ingtitutions in which the resources exist for EX-FIX
placement in the emergency department, or alternative,
more rapid methods of fixation used such asa“C” clamp.
In such situations, there is no delay of ANGIO for place-
ment of EX-FIX if signs of arterial bleeding are present
and such a system represents a viable alternative. At in-
stitutions where one therapy delays application of the other
however, the most important question to be answered be-
comes “Is arterial bleeding likely?’ If the answer is yes,
rapid ANGIO is necessary. If no, EX-FIX may then be
applied.

Alternatives to EX-FIX have been proposed including
MAST suit, bean bags, or wrapping of the pelvis with bedsheet
or a specidized binder. We have had no experience with the
MAST device, but bean bags and in recent years, pelvic wrap-
ping have been employed extensively. This would appear to
accomplish some of the goals of EX-FIX until more definitive
means can be employed.

In summary, the management of BPF requiresarapid, early
determination of whether or not arterial bleeding is likely, and
therapy is determined by the answer to this question. These data
provide aframework within which that likelihood can be rapidly
and accurately assessed in both normotensive and hypotensive
patients. This is summarized in the agorithm in Figure 2. If
patients present with hypotension from pelvic fracture, transient
or no response to initial resuscitation indicates the presence of
arterid bleeding in over 70% of patients while adequate re-
sponse to resuscitation makes arterial bleeding unlikely (nega-
tive predictive value of 100% in this series). In stable patients,
contrast blush on CT also indicates a high likelihood of arteria
injury and ANGIO should be pursued. With accurate assessment
of the possibility of arteria injury, appropriate therapeutic
choices can be more easily made.
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DISCUSSION

Dr. Thomas M. Scalea (Batimore, Maryland): The au-
thors have analyzed a large group of patients with pelvic frac-
tures. Over 7 years they admitted nearly 1,200 such patients;
35.3 percent were hypotensive in the emergency department and
formed the basis for this report.

The authors' agorithm for the management of these pa-
tients involved angiography for ongoing hypotension; external
fixation was used for specific fracture patterns and was per-
formed in the operating room. The authors demonstrated that
patients that did not respond to initial resuscitation, which they
defined as achieving a blood pressure over 90mmHg with less
than two units of blood, were very likely to benefit from an-
giography. Those patients who were able to be treated with
externd fixation alone were also severely injured and had better
survival. Moreover, the appearance of a contrast blush on com-
puted tomography predicted the presence of vascular injury at
the time of angiography. Their proposed agorithm based on
initial response to resuscitation and fracture pattern seems quite
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reasonable. | have a number of questions. How did you select
your patients for incluson? Petients had to have hypotension
referable to pelvic fracture bleeding. These patients were obvi-
oudy multiply injured, as their mean 1SS was 35. By design,
they were al hypotensive, but the mean base deficit was minus
11.4. They certainly could have had bleeding from other sources.
In my experience, one of the most difficult judgments is to
identify the source of bleeding in these multiply injured patients.

At your ingtitution, you apparently apply externa fixation
to severe AP compression injuries aswell as lateral compression
and vertical shear injury. Why do you believe that externa
fixation will benefit these patients? We abandoned this approx-
imately 5 years ago, believing that reducing the anterior ele-
ments in these patients may serve only to further distract the
posterior bony fragments and increase bleeding. Our current
practice is to temporize using commercialy available pelvic
binders and then to use very early operative posterior pelvic
fixation. How much experience have you had with these pelvic
binders? Can you better characterize the patients who stop
bleeding with external fixation alone? How many of them have
severe posterior injuries?

While these patients were obvioudy badly injured, a third
of them died from direct hemorrhage or the sequelae of bleed-
ing, the mean time from patient admission to angiography with-
out proceeding external fixation was in excess of 2.5 hours.
What is the availability of angiography at your institution, par-
ticularly on off hours? Could you have made the decision to do
angiography earlier? Do you believe that this might have
changed your outcome? Seven patients had angiography when
they were hemodynamically labile after laparotomy. Three of
those patients were explored for what appears to be non-life-
threatening hemorrhage. Two had diverting colostomies, and
one had a non-therapeutic exploration. Were patients with lap-
arotomy and ongoing pelvic bleeding trested with damage con-
trol in an attempt to get them to angiography as quickly as
possible?

Findly, your yield of angiography is much higher than
many other reported series, and you found vascular injuriesin a
surprising number of patients with seemingly minor pelvic frac-
tures. Can you theorize as to why your results are so different
than those previoudy reported? The early diagnosis of pelvic
fracture bleeding continues to be a vexing clinica problem for
those caring for polytrauma. The algorithm suggested by the
authors is simple and easy to use. They have been quite suc-
cessful in identifying patients who will benefit from early an-
giographic embolization. | applaud the authors on their efforts.

Dr. Preston R. Miller (Winston-Salem, North Carolina):
You asked about how the patients were selected, more specifi-
caly, how was it determined that their hemorrhage was from
their pelvic fracture and not some other source of bleeding. |
think we use an agorithm that's used at a lot of institutions
around the country, and that is, basicdly, a hypotensive patient
comes in and an immediate search for the source of hemorrhage
is begun. They're evaluated for external sources of hemorrhage.
A physica exam and chest X-ray is conducted to try to rule out
hemorrhage into the chest or some reason for hypotensionin the
chest. Diagnostic peritoned lavage or ultrasound is conducted to
try to determine if there is hemorrhage within the abdomen.

If those patients have pelvic fracture, and dl those other
tests are negative, we then assume that bleeding is likely to be
coming from within the pelvic fracture.

Your point iswell taken, and that isthat it isn't dways that
simple. There are certainly other sources that could be causing
bleeding, such as multiple fractures. There are certainly other
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reasons for patients to be hypotensive. So, it certainly isn't
always that easy to sort out.

As far as the use of externd fixation in particular fracture
types, you asked, specificaly, about the six patients that had
externa fixation placed and stopped bleeding without any fur-
ther intervention—were there posterior or severe posterior liga
mentous disruptions in any of those patients. Indeed, three of
those patients had anterior-posterior compression Type 3 inju-
ries, so they did. But | think your point isimportant, and that is,
certainly not all pelvis fractures are amenable to fixation.

Our orthopaedists are moving away from using it in certain
fracture patterns, going on to other types of operative stabiliza-
tion. | think the real point is we are redly not using fracture
pattern as a decision point in our initid triage of the bleeding
patient as much as hemodynamic parameters and their response
to initial resuscitation.

Y ou commented on the time to angiography. | think you're
exactly right on that. Our time to angiography was over 2 hours.
| think, in analyzing this data, we really uncovered what isareal
problem at our ingtitution in getting angiography done in a
timely fashion.

This tends to occur more in off hours, and it's something
we're currently trying to remedy. Certainly, ongoing arteria
bleeding—no one would argue that that’s dangerous and per-
haps a fatal problem—that’s something we need to work on.

Asfar asthe patients in the operating room who went to the
operating room and then went on to angiography, for the three
that had non-life threatening hemorrhage, that is, indeed, the
case.

They were chosen to be taken to the operating room first, as
opposed to angiography, because they had initia instability and
a positive diagnostic peritoneal lavage, grossly positive, or pos-
itive ultrasound. So, they were found to have bleeding injuries,
but their magjor bleeding source was not in the abdomen at the
time. The angiography yield is, indeed, high in thisgroup. | think
it's because we were redly just concentrating on looking at
hypotensive patients. There's a recent article out of Denver
looking at the utility of a multi-disciplinary approach to prob-
lems like this and the severe bleeding pelvis fractures. As an
asdeinthat article, it’s mentioned the high yield of angiography
and hypotensive patients. | think the figures are similar.

As far as bleeding in lower grade injuries, certainly, there
has been a lot of work done by severa authors on correlating
fracture pattern with the probability of arterid hemorrhage.
That's important, and that’s obvioudly redl. But | think this data
shows, and | think other authors have shown, that the science of
identifying arterial bleeding or likelihood of arterial bleeding by
fracture pattern is not a perfect one.

Indeed, we saw exsanguinating hemorrhage in areasonable
number of seemingly innocuous injuries—anterior-posterior
compression type 1, lateral compression type 1.

| think it's important not to be lulled into a false sense of
security by the X-ray.

Dr. Carl J. Hauser (Newark, New Jersey): In distinction to
Dr. Scdea, | think that your positive rate might even be higher.
If you looked at a computed tomography scan and you saw a
blush, you know that there was a bleeder there. So, the redl
question is whether you found them with your arteriograms. Our
experience has been that these patients can bleed and stop, bleed
and stop, and that is a common scenario if they are hypotensive
and if you don’t over resuscitate them. So if you only embolize
overt bleeders, you will have a significant re-bleed rate.

Rather than just embolizing overt bleeders, we think it's
important to embolize the cut-offs and the beaded vessels—All
those things that Dr. Ben-Menachem taught us how to do.
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WEe ve been very aggressive about that, and our approachin
Newark is redly very smple. If you have a hypotensive or an
acidotic patient who is not bleeding onto the floor, not bleeding
into their chest, and not bleeding into their abdomen, and if they
do have a pelvic fracture—any pelvic fracture—then they go to
angiography.

We find lesions on dmost all of them and we embolize
them, and this group does very well. We have not placed an
externd fixator for the control of pelvic fracture bleeding in
Newark in the last 4 or 5 years that | can remember, and we're
not about to look back.

Dr. Preston R. Miller (Winston-Salem, North Carolina): |
think you' re exactly right, Dr. Hauser. | think that if patients that
have hemodynamic instability with pelvic fracture, redlly, it's
usualy a manifestation of arterial bleeding and not venous
bleeding. In addition to the 19 patients in the hypotension group,
there were three more who had the type of injury you're de-
scribing— cut-offs, pseudoaneurysms, that type of thing. They
were embolized. | think you're exactly right.

Dr. Robert C. Mackersie (San Francisco, Cdlifornia): |
had a quick question just in follow up to Dr. Hauser’s comments
about the bleed, stop, bleed, stop. That's what your failure rate
was for the angiography both with and without embolization—
recognizing this is a real factor?

Dr. Preston R. Miller (Winston-Salem, North Caroling):
Right. The failure rate of these 19 patients who were hypoten-
sive and had angiography—one died because of inability to
control hemorrhage.

All the others—there were alarge number of deaths, but the
rest of those were from what would be metabolic exhaustion or
irreversible shock. But, one did bleed to death, and it was
because of inability to control arterial hemorrhage.

Dr. Joseph P. Minei (Dadlas, Texas): Very nice study. |
would aso agree with the point of view that fracture pattern does
not predict who is going to be in shock. Adam Starr, an ortho-
pedic surgeon from our ingtitution, has published similar results.
However, my colleague Brian Eastridge, who is now in Afghan-
istan, showed in a paper that would have been presented at last
year's meeting, that once a patient is in shock, fracture pattern
may be helpful in guiding further care.

In that study, patients in shock with an unstable fracture
pattern (LC 2 or 3, APC 2 or 3, or VS) and intra-abdominal
bleeding did better if they went to the angiography suite before
the operating room. Those patients in shock with a stable frac-
ture pattern (AP 1, or LC 1) and intra-abdominal bleeding were
better served in the operating room first.

Unfortunately, our numbers were small, so it was difficult
to draw any direct conclusions. In the algorithm that you showed
us, do you have any specific data that supports going to the
operating room before the angiography suite in patientsin shock
with an unstable fracture pattern? Your initial discussion about
the three patients who had minima intra-abdominal bleeding
would suggest that this may not be the correct order of events.

Dr. Preston R. Miller (closing): Right, no, we don't have
any data to back that up. We based our adgorithm and that
statement on work done by others.

Certainly, that paper that you refer to brings that into ques-
tion, and that's something that needs to be looked further into.
Currently, we tend to go to the operating room in patients who
have what looks to be significant intra-abdominal hemorrhage. |
think we'll keep that for the moment, but certainly that's a
guestion that’s open to study.
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