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Objectives: The purpose of this study
was to examine the success rate of nonop-
erative management of blunt splenic in-
jury in an institution using splenic
embolization.

Methods: We conducted a retrospec-
tive review of all patients admitted to a
Level I trauma center with blunt splenic
injury. Data review included patient de-
mographics, computed tomographic (CT)
scan results, management technique, and
patient outcomes.

Results: A total of 648 patients with
blunt splenic injury were admitted, 280 of
whom underwent immediate surgical
management. Three hundred sixty-eight
underwent planned nonoperative manage-
ment, and 70 patients were treated with

observation, serial abdominal examina-
tion, and follow-up abdominal CT scan-
ning. All were hemodynamically stable,
with a 100% salvage rate. One hundred
sixty-six patients had a negative angio-
gram, with a nonoperative salvage rate of
94%, and 132 patients underwent emboli-
zation, with a nonoperative salvage rate of
90%. Overall salvage rates decreased with
increasing injury grade; however, over
80% of grade 4 and 5 injuries were suc-
cessfully managed nonoperatively. The
salvage rate was similar for main coil em-
bolization versus selective or combined
embolization techniques. Admission ab-
dominal CT scan correlated with splenic
salvage rates. Significant hemoperito-
neum, extravasation, and pseudoaneu-

rysm had acceptable salvage rates,
whereas arteriovenous fistula had a high
failure rate, even after embolization.

Conclusion: Splenic embolization is
a valuable adjunct to splenic salvage in
our experience, allowing for the increased
use of nonoperative management and
higher salvage rates for American Associ-
ation for the Surgery of Trauma splenic
injury grades when compared with prior
studies. Main coil embolization has a sim-
ilar salvage rate when compared with
other angiographic techniques. An arte-
riovenous fistula as a CT finding was pre-
dictive of a 40% nonoperative failure rate.
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Nonoperative management in hemodynamically stable
patients with blunt splenic injury is the standard of
care.1–26 Several groups, including our own, use

splenic angioembolization as a nonoperative
adjunct.1,6–13,15,22,26 The multi-institutional Eastern Associa-
tion for the Surgery of Trauma (EAST) trial established that
pure observational management can be used successfully for
patients with blunt splenic injury who are hemodynamically
stable.2 The utility of adding angiography to these purely
observational protocols is an area of controversy.

Retrospectively, data on the use of angioembolization
and its efficacy in higher grade injuries have been
described.1,6–13,15,22,26 Large-scale prospective data are not
yet available. On the basis of our early experience, we mod-
ified our protocol, and angioembolization is now reserved for
higher grade splenic injuries and those patients with active

bleeding on admission computed tomographic (CT) scan.1

We have shown that equally good salvage rates can be ob-
tained while restricting the use of angiography to those with
the greatest level of injury. This is a review of our progres-
sion from the use of admission angiography for all patients to
a more recent protocol in which a more selective use of
admission angiography is used to improve salvage rates.1,9

We analyzed all patients who underwent operative and non-
operative management at our institution over a 5-year period,
reviewing outcomes in an effort to better delineate the role of
angiography versus pure observational management.

PATIENTS AND METHODS
All patients admitted with the diagnosis of blunt splenic

injury to the R Adams Cowley Shock Trauma Center between
October 1997 and September 2002 were reviewed. This group
was then subdivided into those undergoing immediate operative
therapy versus those receiving planned nonoperative manage-
ment. Those patients in the nonoperatively managed group were
then subdivided into those who were observed with serial he-
matocrits, serial abdominal examinations, and follow-up CT
scanning, and a second group undergoing admission splenic
angiography.

During this time period, there were two distinct protocols
used. From October until early June 2000, all patients under-
went admission angiography, followed by serial abdominal
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examinations and complete blood cell counts every 6 hours
until two stable examinations and hematocrits were obtained,
as well as a follow-up CT scan 48 to 72 hours after injury.
These results have been previously described.9

Because of the poor therapeutic yield for splenic injury
grades 1 and 2, our protocol was modified in June 2000 to
encompass the use of angioembolization only in AAST
splenic injury grades 3, 4, and 5 or any injury grade with
evidence of active bleeding. Postembolization management
was similar to that of the observation group, with serial
abdominal examinations and complete blood cell counts ev-
ery 6 hours, until two stable examinations were obtained.
Liberalization of activity and oral diet began after two con-
secutive stable examinations. An abdominal CT scan was
obtained 48 to 72 hours after embolization.

By study design, all patients had splenic injury docu-
mented on their admission abdominal CT scans. These scans
were reviewed by staff trauma radiologists for evidence of
vascular injury (contrast extravasation, pseudoaneurysm, ar-
teriovenous fistula formation, or vessel truncation) as well as
degree of hemoperitoneum. Significant hemoperitoneum was
defined as intra-abdominal blood that was greater than a
minimal amount of perisplenic fluid. Postprocedural abdom-
inal CT scans were obtained and then reviewed for evidence
of persistent vascular injury, new pseudoaneurysm formation,
infarct size, and evidence of splenic infection.

Angiographic results were analyzed including emboliza-
tion technique (superselective or distal embolization, proxi-
mal main coil splenic arterial embolization, or a combination
of techniques) as well as embolization material. Outcome
variables were then reviewed within the main treatment
groups (i.e., strict observation vs. angiography without em-
bolization vs. splenic embolization). Outcome related to ab-
dominal CT grade and CT evidence of vascular injury were
analyzed. Outpatient records were reviewed for evidence of
delayed complications, such as infarction or splenic infection.

Failure of nonoperative management was defined as the
need for abdominal exploration regardless of the indication.
Splenic salvage was defined as patient discharge with spleen
in situ. Significant splenic infarction was defined as devas-
cularization of greater than 25% of the spleen on postproce-
dural abdominal CT scan. Additional complications consisted
of arteriovenous injury at the angiographic catheter site as
well as persistent pain. All results then underwent statistical
analysis using �2 and Student’s t test analysis as appropriate.
A value p � 0.05 was deemed statistically significant.

RESULTS
During the study period, a total of 648 patients were

admitted with blunt splenic injury. Of these, 280 patients
underwent immediate surgical management: 226 patients dur-
ing the first 2.5 years of the review (when admission angiog-
raphy was performed on all hemodynamically stable patients
as previously published) and 54 patients during the remainder
of this study (when the protocol was modified to restrict
angiography to higher grade splenic injuries and those with
evidence of active bleeding).9

Hemodynamic instability was the primary reason for
operative therapy. The definition of hemodynamic instability
varied between individual practitioners. Under the modified
protocol, hemodynamic instability was defined as a systolic
blood pressure less then 100 mm Hg, need for ongoing
resuscitation, or patients felt to have other associative injuries
requiring operative management. Multiplicity of injuries did
not appear to play a role in the attending surgeon’s decision-
making regarding operative management versus nonoperative
management.

Three hundred sixty-eight patients underwent planned
nonoperative management; 126 patients underwent admission
angiography during the first 2.5 years, whereas the remaining
patients underwent angiography only for evidence of splenic
vascular injury or AAST splenic injury grade 3 to 5. The
mean age of the total patient group was 32 years. Seventy-six
percent were male and 80% were white (Table 1). Eight
percent of patients suffered significant traumatic brain injury
(Glasgow Coma Scale score � 8 at admission) and 8% were
hemodynamically unstable at the time of admission. Mean
AAST splenic injury grade was 2.8 and mean Injury Severity
Score was 17 (Table 1). The predominant mechanisms of
injury were motor vehicle collisions (84%), followed by
assaults (6%). Four percent were injured by falls from a
height and 2% were pedestrians struck (Table 2). The overall
splenic salvage rate was 94%. Splenic salvage decreased with
increasing splenic injury grade, but higher grade injuries
(grades 4 and 5) still had a greater than 80% salvage rate
(Table 3).

Table 1 Demographics

Mean Age (yr) Sex (male) White Race CHI Unstable ACT Grade Average ISS

32 76% 80% 8% 8% 2.8 17

ACT, average AAST splenic injury grade; CHI, admission Glascow Coma Scale score �8; ISS, Injury Severity Score; Unstable, admission
systolic blood pressure �90 mm Hg.

Table 2 Mechanism of Injury

MVC MCC Assault Fall Pedestrian
Struck

84% 4% 6% 4% 2%

MVC, motor vehicle collision; MCC, motorcycle or bicycle crash.
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Seventy patients underwent observation with serial ab-
dominal examinations and complete blood cell counts. Ex-
aminations and blood draws were performed every 6 hours
until two consecutive examinations and hematocrits were
obtained. Patients were then converted to daily laboratory
values and activity and diet were liberalized. These patients
had an average splenic injury grade of 1.8 without evidence
of vascular injury on admission abdominal CT. There was a
100% salvage rate, with no evidence of delayed vascular
injury on follow-up abdominal CT scan. Overall length of
stay was 2.3 days.

One hundred sixty-six patients had a negative admission
splenic angiogram. These patients had an overall splenic
injury grade of 2.9 and an overall nonoperative salvage rate
of 94%. Five of these patients underwent repeat angiography
for diminished hematocrit, of which three then underwent
therapeutic embolization.

One hundred thirty-two patients underwent embolization
(Table 3). The overall nonoperative salvage rate was 90%.
The salvage rate decreased with increasing injury grade;
however, over 80% of grade 4 and 5 injuries were success-
fully managed nonoperatively. Seven of these patients under-
went repeat angiography for falling serial hematocrit, of
which three underwent therapeutic reembolization. The over-
all salvage rate was higher for main coil embolization when
compared with the combined embolization technique (Table
3). This was not statistically significance (p � 0.08).

Within this group, there were two patients who under-
went surgery for missed diaphragmatic injuries, both of
whom underwent splenectomy to facilitate the repair. There
were no missed hollow viscus injuries noted during this time

period and there were no cases of contrast-induced renal
failure, iatrogenic vascular injuries, or intra-abdominal inju-
ries attributed to the angiographic catheterization in either the
negative angiography group or the embolization subgroup.
Additional delayed complications in this group included three
splenic abscesses requiring splenectomy and three coil mi-
grations after main coil embolization, two of which were
retrieved and one of which was left in situ in a polar artery
after placement of a second main coil.

The admission abdominal CT scan of the 132 embolized
patients were then examined for markers of nonoperative
failure (Table 4). Significant hemoperitoneum was the most
common finding, followed by contrast extravasation, pseu-
doaneurysm, and arteriovenous fistula formation. Twenty-
three percent of embolized patients underwent angiography
for AAST splenic injury grades 3 to 5 without signs of
vascular injury. Embolization was performed on the basis of
angiographic evidence of injury only. The salvage rate was
highest in those patients with hemoperitoneum (90%), and
was nearly equivalent in those patients with active extrava-
sation (88%) and pseudoaneurysm (89%). Arteriovenous fis-
tula formation had a significant failure rate, although the
patient sample size was limited. Arteriovenous fistula forma-
tion accounted for only 4% of the study population; however,
the failure rate was 40%. These results were compared with
the EAST Multi-institutional Trial where patients were
treated with observation only. These results are depicted in
Table 5. There is a statistically significant improvement in the
rate of splenic salvage in grades 3, 4, and 5 injuries when
embolization was used.

Table 3 Splenic Injury and Embolization Technique Success Rates

Techniquea 1 2 3 4 5

Main coil 0 100% (8) 92% (38) 93% (30) 100% (5)
Distal 100% (2) 100% (8) 87% (13) 86% (19) 0
Combinedb 0 0 75% (4) 80% (5) 0

a Technique rows denote nonoperative success rate by % and (total no. of patients in group).
b Patients undergoing main coil combined with distal embolization.

Table 4 Failure Rate vs. Admission ACT Findings

ACT Finding Heme Extrav PA AVF

% Patients 59% (78) 40% (53) 40% (53) 4% (5)
Failure rate 10% (8) 12% (7) 11% (6) 40% (2)*

* p � 0.05.
Heme, large hemoperitoneum; extrav, active uncontained leak; PA, pseudoaneurysm; AVF, arteriovenous fistula.

Table 5 Salvage Rate vs. EAST

Initial ACT Grade 1 2 3 4 5

Embolization 0% (1) 92% (17) 92% (62) 83% (58) 83% (6)
EAST 95.2% (276) 90.5% (299) 80.4% (247) 66.7% (194) 25% (78)

* p � 0.05.
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DISCUSSION
The optimal treatment for blunt splenic injury remains

open to question. Certain basic principles are universally
accepted. Patients who arrive hypotensive or are refractory to
resuscitation require operative exploration and are not rea-
sonable candidates for nonoperative management. Those pa-
tients who are hemodynamically stable are candidates for
nonoperative management with inpatient observation and se-
rial physical examination, frequent hematocrit determina-
tions, and a variable period of bed rest and limited oral intake.
Within this subgroup, there are good data indicating that
those patients with evidence of active bleeding, pseudoaneu-
rysm formation, or arteriovenous fistula on admission ab-
dominal CT scan are at higher risk of nonoperative failure.
There is much debate as to the ideal definitive treatment of
this difficult subgroup of patients.1,6–13,15

In 1995, Sclafani et al. first described the use of embo-
lization for blunt splenic injury.10 In that series, there were
150 patients treated nonoperatively. All splenic injury grades
had diagnostic angiography. Sixty patients underwent trans-
catheter embolization, and the overall splenic salvage rate
was 98.5%, the highest salvage rate with or without emboli-
zation reported to date. Studies from the Memphis Group
found that 80% of vascular injuries were actually identified
on a delayed rather than admission CT scan.6,8

Our group reported rather extensively on the use of
admission angiography for all splenic injuries, with results
similar to the findings of Sclafani et al.9 Unlike their study,
however, we found only minimal utility in the use of angiog-
raphy for lower grade injuries (i.e., AAST splenic injury
grades 1 and 2).9 Because of this, our protocol was modified
to a more selective use in those with vascular injuries. How-
ever, unlike other groups, which use angiography for vascular
injury only, we continue to use angioembolization in splenic
injury grades 3, 4, and 5, as 23% of patients embolized had no
signs of vascular injury on admission abdominal CT scan.

Only angiography demonstrated the vascular injury re-
quiring embolization.1 We attribute this increased salvage
rate to angiography’s greater diagnostic sensitivity for vas-
cular injury.

The Memphis Group did describe delayed emergence of
vascular injury on a repeat abdominal CT scan.6 We feel that
angiography is, in fact, detecting these “delayed” injuries
earlier in grades 3, 4, and 5 injuries because of its increased
sensitivity, leading to earlier therapeutic embolization. This is
supported by our follow-up CT findings, which have a low
incidence of vascular injury.

We did identify patients with splenic vascular injuries
who underwent main coil embolization but had evidence of
residual distal pseudoaneurysms detected on the follow-up
CT scan. Two of these injuries were embolized and three
were merely observed; all had successful splenic salvage.
Splenic perfusion pressure is decreased by the main coil
embolization preventing pseudoaneurysmal bleeding. Be-

cause few of these injuries were encountered, it is difficult to
say whether a persistent pseudoaneurysm, occluded by main
coil splenic embolization, is adequate treatment or whether a
catheter should be advanced through the main coil for a
subselective embolization of the pseudoaneurysm itself.

The mean AAST splenic injury grade within our series
was 2.8. The observational group had a mean splenic injury
grade of 1.8. Within the negative angiography group, the
mean grade was 2.9, and the embolization group had a mod-
erately higher mean grade of 3.3. The most frequent injury
grade within our group was grade 3, followed very closely by
grade 4 injuries. This is comparatively higher than previous
series, such as the EAST Multi-institutional Trial, where over
half the patients were only grades 1 or 2.

Our results were statistically significantly better than
those seen with simple observation used in the EAST study
for grades 3, 4, and 5 injuries. This is very impressive when
one recognizes that the majority of patients had evidence of
vascular injury and had significant hemoperitoneum, a pre-
viously described marker for nonoperative failure. Although
this is statistically significant, we must bear in mind that these
are very different patient groups. The EAST study used
patients from multiple institutions, without a discrete proto-
col. It is difficult to determine the variability between the
protocols or patient demographics; however, the number of
patients included in the study suggests that there may be some
benefit to angioembolization in improving salvage rates.

The presence of a large hemoperitoneum predicted non-
operative failure in the EAST study.2 This does not seem to
be the case in our patients, where the failure rate of emboli-
zation was only 10%, and neither active contrast extravasa-
tion nor pseudoaneurysm predicted failure. The only statisti-
cally significant marker of failure in our study was the
presence of an arteriovenous fistula. We hypothesize that
main coil embolization is insufficient for treating arterio-
venous fistula, as it only decreases splenic perfusion pressure.
As this is a high-pressure to low-pressure flow system, the
fistula is not expected to close without directed therapies.
Selective embolization of the fistula itself may be a better
option.

Approximately 60% of our patients underwent main
splenic coil embolization. The failure rate of main coil em-
bolization demonstrated no statistical difference in outcomes
when compared with the patients undergoing combined prox-
imal and distal embolization techniques (p � 0.08).

There were no complications within the observation
group. The only significant complications noted in the neg-
ative angiography group were the nonoperative failures and
three patients requiring repeat angiography with therapeutic
embolization. The complications noted within the emboliza-
tion group were minor, consisting of three splenic abscesses
and two symptomatic splenic infarcts, resulting in an overall
nonoperative failure rate of 10%, including failure secondary
to hemorrhage. There was no evidence of catheterization site
complication, dye contrast allergy, or other angiograph-spe-
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cific complications within the negative angiogram group or
the embolization group.

There were three instances in which the main coil mi-
grated. In two cases, the coil was retrieved from the polar
artery wall and in one case it was left in place because of the
inability to retrieve it with a second, more proximal main coil
placed. All three of these patients did well with splenic
salvage, without significant infarction. To date, we have not
encountered a missed hollow viscus injury, and the previ-
ously described missed diaphragmatic injuries, although cer-
tainly significant and requiring treatment, did not appear to
harm the patient.

This is the largest described series of patients undergoing
nonoperative management of blunt splenic injury from a
single institution and the largest using splenic embolization.
Although this is a retrospective review, we feel that several
management caveats can be extrapolated from these data. We
found that nonoperative management can be successfully
used in high-grade splenic injuries, as evidenced by the vastly
decreased use of laparotomy with good outcome. The use of
angioembolization to better define patients with vascular in-
jury led to a clinically improved outcome. As improved
outcomes were observed, staff physicians became more com-
fortable taking patients with multiple injuries, patients with
neurologic injuries, and patients undergoing aggressive re-
suscitation to the angiography suite rather than to the oper-
ating room.

We compared our data to the EAST outcomes, and al-
though we demonstrated a statistically significant improve-
ment in salvage rate, we recognize that the patient cohorts
may be different. Selection bias in the patients treated with
angiography is also possible.

For lower grade splenic injuries, we have adopted the use
of an observational protocol similar to that described in the
EAST multicenter trial, with an equivalent or improved out-
come. We have also diminished length of stay for isolated
splenic injuries to approximately 3 days. This balances the
cost of the increased resources needed to perform the
angiography.1 We are attempting to gain a consensus group
of institutions to participate in a prospective study of the use
of angioembolization, possibly in a randomized fashion.

Complication rates such as nonoperative failure (10% vs.
13%) and reembolization (2% vs. 5%) rates were lower
within our group when compared with the Western Trauma
Association’s multicenter study.14,27 This may be attributable
to several factors. First, patients were not empirically embo-
lized for massive hemoperitoneum, which in one case re-
sulted in abscess formation during that the Western Trauma
Association study.14

The outcome of any procedure is improved with the
team’s familiarity with the procedure and its indications. This
may lead to a better patient selection as well as an improved
angiographic technique. The increased use of main coil em-
bolization may have decreased the incidence of splenic ab-
scess and treatment failure. This suggests that decreasing the

perfusion pressure of the spleen is a more useful therapeutic
modality than directed embolization, except in the incidence
of arteriovenous formation. The immunologic consequences
of proximal coil embolization remain unclear and require
further study.

DISCUSION
Dr. Tiffany K. Bee (Memphis, Tennessee): Dr.

Meredith, Dr. Nagy, members, and guests, I would like to
thank you for the opportunity to open up the discussion on
this interesting study. Nonoperative management of splenic
injury has, indeed, become the norm in most of the major
trauma centers in this nation. Dr. Haan and colleagues have
eloquently added to the armamentarium, proving that nonop-
erative management can be successfully performed in the
majority of our patients.

The uniqueness of this study, however, is the liberal use
and availability of angiography for many years at Maryland’s
Shock Trauma Center. With these specialized resources, they
are achieving a less than 20% failure rate in grades 4 and 5
splenic injuries.

I would like to open the discussion with a few questions
that occurred to me after reading the article. First, I am
interested in the 8%, or 29 patients, who were actually ad-
mitted hemodynamically unstable and underwent nonopera-
tive management, especially those who had ongoing resusci-
tation while they were in the angiography suite itself. What
was the failure rate in this population, and does it warrant the
risk of taking these unstable patients to what in most hospitals
is the black box of angiography?

Second, I noticed that approximately 5% of the patients
with grades 1 and 2 spleens underwent embolization. I expect
that most of these were in the first group of their patients.
However, now that they are not routinely performing angiog-
raphy for all grades 1 and 2 splenic injuries, I would like to
know whether any of their failures in grades 1 and 2 have
been acknowledged.

Third, I would like you to comment on the need for
routine follow-up CT scans, both for low-grade injuries, those
grades 1 and 2 injuries, and for those patients who have
received embolization. Should CT scanning be reserved for
only those patients who show a worsening condition? Finally,
the studies at my institution, as well as many others, have
shown that patients who have splenic injury and who are
older than age 50 often have a higher failure rate. Have you
noticed any trends of this nature at your center?

In conclusion, I would like to congratulate the authors on
a well-developed and well-presented article, and I look for-
ward to some of the prospective studies being ongoing at
Shock Trauma. I would like to thank the Association for the
privilege of the floor.

Dr. Michael D. McGonigal (St. Paul, Minnesota): I
enjoyed this study, and actually, we’re big proponents of this,
and this answered a few of the questions that I already had.
However, I do have two that are kind of in the curiosity
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category. First, in what way did the follow-up CT scans that
you obtained change your management? I know that you did
show something on one of your slides about collections that
were drained, air in the spleen, and so forth.

However, specifically, is this a helpful technique, and
how many actually yielded actionable findings? The second
question is you are creating splenic imparts. What are your
criteria for administering vaccines for prophylaxis?

Dr. Michael D. Pasquale (Allentown, Pennsylvania): I
enjoyed the talk as well. One of my questions centers around
the unstable patients going to angiography: Did you have a
protocol for those patients. The second question is, Did you
look at blood transfusion requirements in those populations?

Dr. Eric R. Frykberg (Woodbine, Georgia): Dr. Haan,
I have one question. The EAST Multi-institutional Trial had
an approximately 10% nonoperative failure rate at a time in
this country when virtually nobody was performing emboli-
zation. You show the same nonoperative failure rate. Tell us
exactly how you see angiography having had any affect
whatsoever on the management of these patients.

Dr. Michael L. Nance (Philadelphia, Pennsylvania): My
comments are biased, as I work at a pediatric center. So
everything is a little bit different. I am sort of dumbfounded.
I mean, this is a selective use of embolization, but there are
166 negative embolizations, which seems just extraordinarily
high, and I was wondering whether selective use would be
better used if the patients were actually evaluated and then
embolization used for those that were deemed to need it,
rather than, it seems, like based on their grade of injury. I also
wonder, with the extraordinarily high rate of negative embo-
lizations, whether you performed any cost analysis, because
that seems to me an extraordinarily expensive modality to use
for patients who, in many cases, need nothing but
observation.

Dr. David G. Jacobs (Charlotte, North Carolina): I en-
joyed the article, and I just have one question. You mentioned
that some patients had more than one angiogram, and I’m
wondering how you figure out whether patients who failed
their initial angiography should be operated on or receive
undergo angiography, or are these patients that had pseudoa-
neurysms on their follow-up CT scans? Thank you.

Dr. Ari K. Leppaniemi (Helsinki, Finland): I have a
question on the availability of radiologists at night. Did they
come from home, or were they in house, and were they
specialists or radiologist residents?

Dr. James M. Haan (closing): Beginning with Dr. Bee’s
questions and to some degree tying into some of the other
questions, when we say hemodynamically unstable, the ma-
jority of these patients were, in fact, responders or people
who responded to 2 L to crystalloid. Early in the study, many
of these patients did end up in the operating room, because
there was a fair amount of trepidation with nonoperative
management in the angiography protocols. As you can see,
2.5 years later people become comfortable with it. Thus, we

had a far larger number of them actually undergoing nonop-
erative management.

For truly unstable patients, we would not recommend
they be in the angiography suite for many the things we just
talked about, the black box, the lack of monitoring, the
difficulty in controlling temperature, and things of that na-
ture. These patients were not subevaluated regarding trans-
fusion requirements. That was the second question. That
would be worthwhile for the article.

Regarding the grades 1 and 2 injuries, the majority were
in the initial 2.5 years, although there were several patients
who had evidence of vascular injury with grade 2 injuries,
who were embolized later in the series. There were approx-
imately three of those.

We did not specifically look at age greater than 55 for
this study. However, we were a contributing member for the
Western Trauma Association evaluation, and we found that
there was a 90% success rate in those aged older than 55, with
similar demographics and similar evidence of vascular injury
on CT scan.

The money question is a real question, as is angiograph
suite availability. That was part of our reasoning, not just the
fact that we weren’t being therapeutic in grades 1 and 2, but
this is an expensive modality. Regarding costs, I recently
brought that up with a change in protocol.

Patient charges were approximately $18,000 for these
negative angiograms. If you looked at them with your embo-
lization and added in the failure rates, and the patients went
to a splenectomy, that was cut in half to less than $9,000 by
using the selective protocol.

Thus, there was a cost evaluation made here, and that’s
why we have converted. Actual availability, the attending
angiographers are out of house. However, they do come in
within an hour and a half. That’s one of the rules we have,
which to some degree can limit the applicability of this to
other centers, depending on how available and interested your
angiographers are.

Regarding the difference between EAST and our series,
probably the biggest, I agree, we have a 90% they had and a
90% success rate. You can look at the 100% and 94% for
observation and negative angiographic groups, but they’re
being treated basically the same way as the EAST group.

We have a much higher CT injury rate or AAST rate. We
have a much higher vascular injury rate as opposed to the
EAST series as well. I think these and hemoperitoneum might
play a better defining role than just saying everybody had a
90% salvage rate.

If you have a far more injured group, these are not
equivalent, and in fact, you’re having a somewhat better
outcome. Again, our numbers are far smaller than the EAST
Multi-institutional Trial.

As far as indications for reembolization, patients who
had just a drop in their hematocrit and had evidence of
vascular injury on their follow-up CT scan constitute a very
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small group. In this case, we’re talking about only two. They
were underwent reembolization.

For the positive CT scans and their cost-effectiveness,
obviously we’re talking about two patients who really didn’t
have a clinical indication. We will look at our follow-up CT
scans still at the moment as being more of an experimental
component of this rather than being a true therapeutic com-
ponent. I would like to thank the Association once again for
the privilege of the podium.
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