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maxillofacial bleeding (MFB). Yet, a viable guideline for endovascular treatment of MFB has not
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the other 8 patients only received angiography as no extravasation was observed (non-emboliza-
tion group). We compared laboratory values and clinical factors related to the massive blood loss
between the embolization group and the non-embolization group.

Compared with the non-embolization group, the patients of the embolization group had a trend
of lower values in hemoglobin (7.9 £ 3.6 g/dL vs 11.6 £ 2.3 g/dL, p = 0.047), base excess (-14.73
vs -6.9, p = 0.002), and systolic & diastolic blood pressure (100.SmmHg vs 59.9mmHg, 66.0
mmHg vs 30.9mmHg, respectively, p < 0.05). The overall mortality rate was 66.7% (87.5% in the
embolization group, 25% in the non-embolization group). In the embolization group, there was
no significant difference in all clinical and laboratory values between survivors and non-survivors.

This study suggests initial hemoglobin, base-excess and low blood pressure as possible indicators
to distinguish potential beneficiaries of facial embolization among MFB victims. However, it failed

to find the viable prognosis factors to predict the clinical outcome of the embolization.
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Role of angiographic intervention in traumatic MFB

Life-threatening maxillofacial bleeding (MFB) accompanying
hemodynamic instability is a rare but lethal condition which occu-
pies 1.29%-4.5% of traumatic facial injuries”) . The primary man-
agements for such destructive status include manual compression,
nasal packing, and correction of coagulopathy4’5). When the first-
line management fails, a trauma surgeon, neuro-interventionist, or
an emergency physician may consider trans-arterial embolization
(TAE) as the second-line therapy””. However, there are limited
number of studies on trauma induced MFB, and the concurrent
literatures lack reliable guidelines regarding in what condition in-
travascular embolization should be considered as a treatment op-
tion for MFB ",

The treatment results of life-threatening MFBs are usually poor
as the initial hemodynamic status of the patients are extremely un-
stable; previous articles reported the mortality rate of MFB as high
as 35%"). The mortality rate is even higher for intractable cases that
are not controllable with the conservative methods'”. The primary
physicians have to make a decision whether to proceed with trans-
femoral cerebral angiography (TFCA). However, there are a con-
siderable number of MFB cases where no extravasation is observed
in TFCA, and thus, unable to receive embolization”'"”. TFCA, as
an invasive, time-consuming procedure, may induce another threat
to the patient when embolization turned out to be unavailable".
Further, studies on mortality related factors to help predict the
prognosis of MFB patients after embolization are very limited.
Such uncertainty leads to difficulties in making treatment decisions
in situations of life-threatening MFBs. In this article, we report ex-
periences with interventional managements of severe MFB in a
single Level I trauma center. The purpose of our study is to distin-
guish potential beneficiaries of TFCA among traumatic MFB pa-
tients, and to analyze the factors associated with the mortality rate
in life-threatening MFB.

This study was approved by the Institutional Review Board (CR
322143)We retrospectively investigated on patients with MFB
who underwent TFCA from January 2015 to December 2018 in a
single trauma center.

Immediately upon arrival, the victims of major facial injuries re-
ceived primary managements including wound compression, nasal
packing, fluid resuscitation and transfusion while undergoing fo-
cused assessment sonography in trauma (FAST) to rule out other
hemorrhagic focuses. Then, clinical decision was made to proceed
with TFCA when the case satisfied with the four of below criteria.
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a. Bleeding continues even with conservative methods such as
manual compression, nasal packing.

b. The main cause of unstable vital sign is evaluated as severe fa-
cial bleeding (FAST sonography reveals no active bleeding in
internal organs).

c. Hemodynamic instability persists despite the use of 2L or
more fluid therapy, transfusion, or vasopressor

d. Facial bleeding diminished at the moment of low blood pres-
sure (BP), but bleeding becomes severe again after resuscita-
tion.

As a Level I trauma center, the trauma team consisted of a trau-
ma surgeon, an emergency medicine physician, and a neurosur-
geon with neurointervention skills, together ready to promptly and
efficiently manage the trauma patients. All the intervention proce-
dures were performed in a hybrid operation room, which was al-
ways available in a five-minute distance from the ER.

Actual process of interventional procedures

The initial resuscitation was led by the emergency physician; es-
sentially secured an arterial line for BP monitoring and central line
for rapid infusion of fluid and vasopressor. At the same time, the
angiography technicians got ready to operate the angiography. Af-
ter portable monitoring devices set up, the patient was moved to
the hybrid operation room. From the emergency room to the hy-
brid operation room, 2 nurses, 1 emergency medicine physician
and 1 trauma surgeon of the trauma team accompanied the patient.
The emergency medicine staffs monitored the vital signs during
transportation and the procedures. TFCA was conducted by one
neurosurgeon.

If extravasation of dye was visible on the angiographic image,
TAE was performed. If no definite extravasation was seen, only ce-
rebral angiography was performed and the examination was termi-
nated. After all the procedure finished, the patient was moved to
the trauma intensive care unit. An example case is illustrated in the
Fig. 1.

Analytic parameters and statistical analysis

To analyze differences between patients who showed extravasa-
tion in TFCA proceeded with embolization and those who didn't,
the patients were classified into two groups: a group that proceed-
ed to embolization (embolization group), and a group that ceased
with angiography only (non-embolization group)

Between the two groups, following parameters were
investigated
a. Clinical data; initial mentality, Glasgow coma scale (GCS), BP

(initial, post-procedural), amount of transfusion, mortality
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Fig. 1. Angiographic findings and embolization in MFB patient.

62 year-old male, a victim of in-car TA, arrived in our trauma center 4 and a half hours after the trauma. The initial blood pressure was 64/24, Hb
was 6.4. It took 40 minutes to make the decision to proceed with TFCA, and another 40 minutes until the puncture of the femoral artery. The
embolization procedure required an hour. After the procedure the patient was moved to ICU. He survived and recovered from the injury. (A, B)
angiography before embolization (A-AP view, B-lateral view, leakage area indicated by a red arrow), presenting leakage from buccal artery, which
is a branch of internal maxillary artery. (C, D) microcatheter approach and microselection of target vessel. Implementation of embolization (E)
and angiography after embolization (F) no leakage after embolization seen.

rate as a final outcome.
b. Laboratory results; initial & post-procedural hemoglobin
(Hb), pH, lactate, base excess
c. Time interval; from the time when trauma occurs or the time
of arrival at the ER to the angiography suite
d. Angiographic findings; whether embolization was implement-
ed, type of offender if any
Considering the small sample size, statistical tests were per-
formed using Student’s t-test and the non-parametric Wilcoxon
signed rank test of continuous variables using SPSS Statistics ver-
sion 20.0 (Armonk, NY: IBM Corp.), and p-value less than 0.05
was considered statistically significant.
With the same maneuver, the all clinical and laboratory parame-
ters mentioned above were analyzed again within the embolization
group to investigate differences in survivors and non-survivors.
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RESULTS

24 patients with massive MFB underwent TFCA and included
in this study, whose demographics and the initial status shown on
Table 1. The average time taken from the onset of trauma to facial
angiography was 240 (ranging 120-360) minutes. The overall mor-
tality rate was 66.7% (16/24).

Among the 24 patients who received emergency angiography,
16 patients proceeded with TAE (Embolization group), and the
other 8 patients ceased with only angiography as no available target
artery was observed (Non-embolization group) (Fig. 2). Table 2
shows the hemodynamic, laboratory comparison between the two
groups.

Regarding hemodynamics, the embolization group had a ten-
dency of lower blood pressure (BP) initially, compared to the
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Demographics and initial status of the patients with massive
maxillofacial bleeding

Variables All cases (n=24)
Sex (M:F) 14:10

Age (years) 50.54 (16-77)
Initial GCS 5.25(3-12)
Initial SBP (mmHg) 90.54 (40-140)
Initial DBP (mmHg) 53.63 (20-90)
Initial Hemoglobin(g/dL) 8.94 (4.4-14)
Initial pH 7.17 (6.9-7.45)
Initial Lactate (mmol/L) 5.62(1.4-11.6)

-11.9 (-20.2-1.1)
80.96 (30-250)
Time interval from trauma to9 angio-suite (mins) 240.55 (57-540)
Mortality rate (%) 66.7 %

Initial Base excess (mmol/L)
Time interval from door to angio-suite (mins)

Values are presented as mean (range) or number (%).
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Patients of MFB underwent
catheter angiography (n = 24)

- Bleeding continues even after conservative
methods - Other bleeding source excluded (i.e.
FAST negative)

- Hemodynamic instability persists even after
fluid resuscitation and transfusion

- Bleeding diminished at the moment of low BP,
but aggravated again after resuscitation.

TAE for offender Angiography without
(n=16) embolization (n = 8)
I
[ | 1
IMA FA OA
(n=10) (n=5) (n=1)

Flowchart classifying patients into the two groups, emboliza-
tion and non-embolization group.
MEFB: Maxillofacial bleeding, TAE: Transarterial embolization, IMA:
Internal maxillary artery, FA: Facial artery, OA: Ophthalmic artery.

Comparison between the embolization group and non-embolization group

Embo group (n=16, 67%)

Age (years) 45.94 (16-69)

Initial GCS 4.13(3-7)

Initial SBP (mmHg) 81.06 (40-140)
Initial DBP (mmHg) 46.13 (20-90)
Initial Hb (g/dL) 7.82 (5.5-11.6)
Initial PH 7.15 (6.98-7.29)
Initial Lactate (mmol/L) 5.59 (1.4-10.28)
Initial BE (mmol/L) -13.84 (-20.2 t0o -5.9)
Time interval from 238.71 (57-420)

trauma to angio—suite (mins)
Post-procedural SBP (mmHg)
Post-procedural DBP (mmHg)

103.56 (42-164)
59.88 (32-101)

Change in SBP** (mmHg) 22.5 (-77-60)
Change in DBP** (mmHg) 13.75 (-53-45)
Mortality rate 87.5%

Values are presented as mean (range) or number (%).

Non-embo group (n=8, 33%) p-value
59.75 (42-77) 0.073
7.5 (4-12) 0.003*
109.5 (72-140) 0.020*
68.63 (45-90) 0.008*
11.18 (7.5-14) 0.001*
7.21 (6.8-7.45) 0.358
5.68 (1.95-11.6) 0.953
-8.01 (-15.8-1.1) 0.014*
243.75 (100-540) 0.928
104.38 (96-112) 0.950
57.75 (46-66) 0.783
-5.13 (-30-28) 0.044*
-10.88 (-37-1) 0.011*
25.0% 0.002*

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, Hb: Hemoglobin, BE: Base excess.

*p<0.0S. **The change was defined as post-procedural value minus initial value

non-embolization group. Mean initial BP was significantly lower in
the embolization group: systolic and diastolic blood pressure was
81.0 / 46.1 mmHg, 109.5/68.6 mmHg in the embolization group
and the non—embolization group, respectively (p = 0.011). After
the procedure, in embolization group, both systolic and diastolic
blood pressure were statistically different before and after the pro-
cedure (p = 0.044 & 0.010, systolic & diastolic); that is, the blood
pressure significantly increased after the procedure in embolization
group. The change in blood pressure before and after the proce-
dure was also significantly different between the two groups (p =
0.044 & 0.011, systolic & diastolic).

In laboratory values, differences in shock related variables were
observed as shown in Table 2. The mean initial plasma Hb level
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was 7.82 g/dL in the embolization group and 11.18 g/dL in the
non-embolization group which showed a statistical difference (p
= 0.001). Significantly low base excess values were found in the
embolization group averaging -14.73, while average 6.9 base excess
values were seen in the non-embolization group. (p = 0.013).
However, pH and lactate showed no statistical significance (p =
0.358, 0.953 respectively). Initial GCS was higher in the non-em-
bolization group (average 7.38), compared with the embolization
group (average 4.19) (p=0.003). Time intervals from trauma to
angio-suite, age, gender ratio were not significantly different be-
tween the two groups. The mortality rate of the embolization
group was 87.5% (n=14/16), which was significantly higher than
the non-embolization group (25%,n= 2/8) (p= 0.002).
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The same parameters were reviewed to see differences between
survivors and non-survivors within the embolization group, and

no statistically significant difference was observed (Table 3).

In this study, we ultimately aimed to distinguish the candidates
for trans-arterial embolization among the massive MFB patients.
We investigated on the features found in the subgroup of patients
with active arterial bleeding, who subsequently underwent the em-
bolization, which were statistically different from the features
shown by the other subgroup with the angiographic findings of
only venous or bone bleeding. Our data analysis demonstrated that
the parameters of the hemodynamic laboratory results were signifi-
cantly different between the above two groups. Taken together, we
believe that the results of this study are valuable that some critical
clues can be obtained from patients’ clinical features which can
help determine whether the patients need an emergent angio-
graphic intervention and embolization or not.

The injuries resulting life-threatening traumatic maxillofacial
bleeding often involve high kinetic energy transfer, for example, a
traffic accident”'”. Such conditions create difficulties in airway
management, and are related to high risk of concomitant injuries
including internal organ bleedings. Even with preemptive and ac-
tive managements, mortalities are often unavoidable in traumatic
intractable maxillofacial bleedinglz‘m. Primary treatments, such as
tight nasal packing or tamponade using balloon catheter, may be
useful, but often insufficient”.

Therapeutic percutaneous embolization in maxillofacial bleed-
ing has been developed mainly for intractable epistaxis since it was

Comparison between the survival group and expired group
Survival group (n=2, 12.5%)

Age (years) 39.5(17-62)
Initial GCS 5(3-7)
Initial SBP (mmHg) 74.5 (64-85)
Initial DBP (mmHg) 37 (24-50)
Initial Hb (g/dL) 6.6 (6.3-6.9)
Initial pH 7.16 (7.06-7.27)
Initial Lactate (mmol/L) 6.09 (1.9-10.3)
Initial BE ~15.5 (~14.1t0 ~16.9)
Amount of transfusion (pack) 9.5 (4-15)
Time interval from 238.5 (57-420)
trauma to angio-suite (mins)

Post-procedural SBP (mmHg) 95.5(95-96)
Post-procedural DBP (mmHg) 58 (55-61)

Values are presented as meantstandard deviation or number (%).
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first reported by Sokoloff, et al. ¥ One advantage of the catheter
angiography in traumatic MFB is that it offers a viable treatment
option even for hemodynamically unstable patients to whom gen-
eral anesthesia may induce another threat. The relatively short pro-
cedure time is another superiority over more invasive treatment
options. Considering the high rates of co-morbidities, accessibility
to intrathoracic or intra-abdominal vasculature with a single trans-
femoral entry is another strength of the catheter angiography”.

Previous authors have proposed treatment guidelines and man-
agement algorithms in intractable life-threatening massive maxillo-
facial bleeding™”. Based on the views of these authors, the indica-
tions for angiographic embolization can be briefly summarized as
when bleeding is uncontrollable with conservative managements.
However, in some cases, TFCAs do not show signs of active arteri-
al bleeding thus embolization is unavailable' . This study further
investigated on differences in clinical or laboratory values between
those who showed extravasation in TFCA and those did not.

In Table 2, it was confirmed that the initial hemoglobin and base
excess were lower in the embolization group than in the non-em-
bolization group. Although other indicators were statistically insig-
nificant, it can be interpreted that the initial hemodynamic status
was more unstable in the embolization group. When comparing
the clinical and laboratory values between the embolization and
non-embolization group, some significant differences were ob-
served. Initial systolic and diastolic blood pressure were significant-
ly lower in the group where embolization was possible, suggesting
that overt arterial bleeding had a relatively large amount of blood
loss. After the procedure, the blood pressure of the embolization
group became higher than before the procedure, whereas the
blood pressure of the non-embolization group was lowered after

Expired group (n=14, 87.5%) p-value
46.86 (16-69) 0.621
4(3-7) 0435
82 (40-140) 0.734
4743 (20-90) 0.482
7.99 (5.5-11.6) 0.345
7.15 (6.98-7.29) 0.880
5.52(1.4-9.45) 0.817
-13.6 (-5.9t0 -20.2) 0.601
12.8 (6-16) 0.150
238.75 (115-330) 0.998
104.71 (42-164) 0.742
60.14 (32-101) 0.897

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, Hb: Hemoglobin, BE: Base excess.
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the procedure; the differences were statistically significant. Such
difference suggests effectiveness and necessity of embolization in
proper cases, as well as the potential risk of the invasive angiogra-
phy when embolization is not available and hemodynamic instabil-
ity continues. Taken together, it can be carefully estimated that the
embolization group had more severe hypovolemic status due to
blood loss, which can be improved by embolization. Our results
suggest initially lower blood pressure, hemoglobin and base-excess
values are possible indicators of the potential beneficiaries of facial
embolization among MFB patients. To support this idea and to de-
termine cut-off values, more profound researches are demanded.

According to the previous studies, the major offenders of MFB
are the internal maxillary artery (IMA) or the intraosseous branch-
es of external carotid artery (ECA). Facial, angular, lingual, occipi-
tal, superior thyroid, middle meningeal, sphenopalatine, and the
descending palatine arteries are possible candidates of extravasa-
tion”'”. In this study, IMA was reported as the most prevalent of-
fender. (9/16, 56.3%, Table 1) accordant with the previous reports.

Liao, et al reported the clinical success rate of embolization in se-
vere oronasal bleeding cases is as high as 79.4%". In this study all
patients who underwent embolization succeeded in clinical hemo-
stasis. Liao et al reported that higher GCS score (> 8) and less ex-
tensive systemic injury, represented by Injury severity scale(ISS)
< 32 were related to higher survival rate”,

Kuan et al. suggests that the survival of patients with successful
TAE is associated with severity of trauma and concomitant brain
injury'”. In our study, the overall mortality rate was total 66.7%
(16/24),25% (2/8) in the non-embolization group, and 87.5%
(14/16) in the embolization group. Arterial extravasation requir-
ing embolization on angiography demonstrates more blood loss,
and as the clinical outcome indicates, it is related to more severe in-
juries or more fatal status than when there was no such findings. As
these unfavorable results show, embolization often fails to contrib-
ute to effective reduction of mortality rate even when successfully
done.

However, according to the theory of traumatology, hypovolemic
shock and severe brain injuries are the main cause of death within a
few hours, referred as the second peak of trimodal distribution for
mortality”. Intensive hemostasis is essential during this period. In
MEFB patients, to achieve hemostasis in situations where conserva-
tive managements are insufficient, embolization is currently the
most viable alternative””. There were patients who showed imme-
diate recovery in blood pressure after embolization, e.g. the patient
in Fig. 1, who dramatically recovered from the natural course of the
disease. The unfavorable result may not merely suggest the ineffec-
tiveness of embolization in MFB; rather it proposes the necessity
of viable guidelines to reduces the time from trauma to angio-suit
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and to facilitate the embolization process.

The point that should not be overlooked during the procedure is
that, when systolic BP is 60 or less, bleeding stops grossly due to
collapse of ECA branch vessels. If there is a response to treatment
such as massive fluid resuscitation, transfusion or use of inotropic
agents, bleeding occurs again. Therefore, caution should be taken
when making judgments on such temporary pause of bleeding; the
patients should not be excluded from the active treatment group
even when bleeding seems to diminish.

This study carries several limitations; the statistical power is low
with the small number of target patients in a single-institution
study. Disadvantages of retrospective study are also present in this
study. The past medical histories of the patients are not considered,
sparing the effect of such status in clinical outcomes for the future
studies. Despite the limitation of this study, we would like to share
our experience in hoping to set up future evidence-based guide-
lines of facial artery interventions in order to improve the progno-

sis of severe maxillofacial injuries.

This study suggests initial hemoglobin and base-excess as possi-
ble indicators to distinguish the potential beneficiaries of facial em-
bolization among MFB victims. However, it failed to find the via-
ble prognosis factors to predict the clinical outcome of the emboli-

zation. Larger-scale prospective studies are needed in the future.
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