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Abstract

Background: This case series report discusses patients presenting with hemorrhage and hemodymanic
compromise due to severe pelvic fractures and undergoing intraoperative angioembolization (IAE) with other
resuscitative procedures.

Methods: We used portable digital subtraction fluoroscopy units for IAE in patients with severe pelvic hemorrhage
and hemodynamic instability (5/03-4/09). Data was collected on demographics, injury severity, resource utilization,
and outcomes at our Level 1 trauma center.

Results: There were 6,538 adult admissions with 912 having pelvic fractures and 65 of these undergoing pelvic
angioembolization. Twelve hemodynamically compromised patients (10 males, 2 females) had intraoperative pelvic
angiography (age: 22-79 years; mean 51.3 ± 17.4). Injury severity score (ISS) was 37.5 ± 8.4 (22-50). Mean
emergency department (ED) length of stay (LOS) was 57.4 min ± 47.9 with 10 patients transported directly to the
OR and 2 to the SICU prior to OR. Ten of 12 patients underwent exploratory laparotomy followed by
angioembolization. Mortality was 50%. Among the 6 survivors (ISS 22 - 50), all had a pre-op CT scan, five had an
initial base deficit <13, and four were transfused ≤ 6 units pre-incision/pre-procedure. Four of the 6 survivors had
unilateral embolization. In contrast, all 6 non-survivors (ISS 29-41) required massive transfusion prior to OR (>6 units
PRBCs) with 4 having a based deficit >13. Three of these patients bypassed CT and five underwent bilateral internal
iliac embolization (BIIE).

Conclusions: IAE for severe pelvic hemorrhage can be successfully performed concurrently with exploratory
laparotomy, pelvic packing or other resuscitative procedures. Patients most likely to benefit have a base deficit <13,
and do not require massive transfusion prior to IAE or suffer from a vertically unstable pelvis fracture.

Introduction
Angioembolization has long been used to control pelvic
hemorrhage in hemodynamically compensated trauma
patients. Mobile angiography has now been reported in
the Emergency Department (ED) to facilitate immediate
control of hemorrhage resulting from severe pelvic frac-
tures [1,2]. The use of this approach in the operating
room has not been widely described in the literature. In
this case series report, we described our experience with
hemodynamically unstable patients due to hemorrhage

from severe pelvis fractures and who underwent selec-
tive and non-selective angiography and embolization in
the operating room with other resuscitative procedures.
The purpose of this study was to explore the feasibility
and delineate the appropriate indications for intraopera-
tive pelvic embolization based on a comparison of the
clinical presentation between survivors versus non-
survivors.

Materials and methods
This is a descriptive case series report involving adult
patients ages 18 years and older who underwent intrao-
perative selective and nonselective angiography from
May 2003 through April 2009. We used portable digital
subtraction fluoroscopy units (OEC 9800, General
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Electric Healthcare Inc., Tampa, Florida) for intra-opera-
tive angiography and embolization in patients with
severe pelvic hemorrhage at our Level 1 trauma center.
Patients were placed on an OSI surgical imaging table
(Mizuhosi; Union City California) and a mobile angio-
graphy cart was made available. All embolization proce-
dures were performed to occlusion using Gelfoam slurry
by a fellowship trained interventional radiologist. Data
was collected on demographics, injury severity, resource
utilization, and outcomes using the trauma registry
(Collector, Digital Innovations, Forrest Hill, Maryland)
and the electronic medical record (Cerner Corporation,
Kansas City, Missouri). Pelvic fractures were classified
based on definitions used by the Orthopedic Trauma
Association (OTA). Mean variables were described using
standard deviation. Institutional Review Board approval
was obtained. Written clinical guidelines for the use of
intraoperative pelvic angioembolization have been in
place since August of 2004.

Results
From May 2003 to April 2009, there were 912 pelvic
fractures in 6,508 adult trauma patients meeting criteria
for the Pennsylvania Trauma Outcomes Study (PTOS).
PTOS criteria include those patients admitted for at
least 48 hours and were treated with a diagnosis of
trauma (ICD-9-CM injury codes 800-995). A total of 65
pelvic angiograms were performed or 1% of all PTOS

patients. Twelve hemodynamically unstable patients (10
males, 2 females) over the 6-year period underwent
intraoperative pelvic angiography (age 22 to 79 years;
mean 51.3 ± 17.4). Mean ISS was 37.5 ± 8.4 (22 - 50)
with 8 patients receiving > 6 units of pre-OR (or pre-
incision/pre-procedure). The mean base deficit was 12.2
± 6.1 (3.2 - 20.9). ED LOS was 57.4 min ± 47.9 with 10
patients transported to OR and two to SICU prior to
intraoperative angiography. None of the patients were
considered eligible for transport to the angiography
suite secondary to hemodynamic compromise. The
radiographic contrast dose for all 12 patients was 113 ±
59.9 ml (25-210). There were no angiography related
complications. Mortality was 50%.
Among the six survivors (ISS 22-50; ages 22-79), five

underwent laparotomy with angiography performed
prior to surgery in one patient (See Table 1). All had a
pre-op CT scan and four had an initial base deficit < 13.
Four were transfused ≤ 6 units pre-procedure/pre-inci-
sion and five with an INR < 1.7. Two patients were initi-
ally admitted to the surgical intensive care unit; the first
patient was transferred from the emergency department,
and the second was a direct admission from an outside
hospital. Four of the five surviving patients who were
direct admits to the ED had an ED length of stay > 60
minutes. Only one patient had a vertically unstable pel-
vic fracture (OTA 61C). Two patients had bilateral non-
selective internal iliac artery embolization (BIIE) using

Table 1 Characteristics of survivors undergoing intraoperative pelvic angiogram

Survivors

Patient #

1 2 3 4 5 6

Mechanism MVC MVC MVC Other blunt MVC MVC

Age 68 55 22 53 79 49

Gender Male Male Male Female Male Female

ISS 29 50 41 22 38 50

Fracture
Type

Left both column
acetabular fracture

Left iliac wing
fracture

Right both column
acetabular fracture

Sacral compression
fracture

Left ilium and
sacroiliac joint

Sacral compression
fracture

OTA L 62C3 L 61C1.1 R 62C3 L61B-2.1 L61A-2.2 L61B-2.1

ED LOS
(min)

> 60 > 60 >60 25 ED-to-ED Transfer > 60

Hospital
LOS

14 34 26 28 55 18

ICU LOS 11 34 21 6 22 11

Vent Days 10 34 20 5 16 7

Pre-OR
PRBC

4 units 4 units 6 units 4 units > 6 units > 6 units

Initial B.D. 3.2 7.2 5.6 > 13.0 6.1 12.2

Initial INR 1.04 1.66 > 1.7 1.46 1.12 1.02

Pre-OR CT Yes Yes Yes Yes Yes Yes

Exp Lap Yes Yes No Yes Yes Yes

Angio First No No Yes No No No

Disposition Rehab SNF Rehab SNF SNF Rehab
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gel foam slurry. Hospital length of stay ranged from 14-
55 days with three patients discharged to a rehabilitation
center and three to a skilled nursing facility (SNF).
Among the six non-survivors (ISS 29-41; ages 29-72),

5 of the 6 patients underwent laparotomy first with
intraoperative angiography performed prior to laparot-
omy in one patient (See Table 2). All required massive
transfusion (> 6 units PRBC) prior to incision/procedure
in the OR with an initial INR >1.7 in two patients. Four
patients had an initial base deficit > 13. Two out of the
six patients had an ED length of stay > 60 minutes. Five
out of the six patients had a vertically unstable pelvis
fracture (OTA 61C). Five out of six underwent bilateral
internal iliac embolization (BIIE) using Gelfoam slurry.
Three patients bypassed CT and had an ED length of
stay from 17-20 minutes. All three of these patients had
an exploratory laparotomy prior to angiography. Two of
the three patients with a preoperative CT scan had a
severe base deficit on presentation (16.9 and 20.9). The
third patient with a preoperative CT scan suffered mul-
tiple bilateral cerebellar contusions and intraventricular
blood, and was eventually pronounced brain dead. Five
out of six patients expired within 24 hours. Two
patients expired in the OR from internal iliac artery
injuries despite a technically successful BIIE.
Figure 1 is the pelvis x-ray for Patient # 10. This plain

film demonstrates a right displaced femoral neck frac-
ture and a left acetabular fracture. Comminuted superior

and inferior pubic rami fractures are noted bilaterally. A
fracture through the right sacrum is also seen, along
with a fracture of the left L5 transverse process. Figure 2
shows active extravasation of contrast from numerous
branches of both the anterior division and posterior
divisions of both the right and left internal iliac arteries,
suggesting multiple bleeding sites. Both internal iliac
arteries were embolized with Gelfoam to occlusion.
Table 3 demonstrates the findings at angiography,

including the vessels embolized and whether BIIE was
necessary. In three of the cases, the bleeding vessel was
not identified. One patient required surgical ligation of
the right internal iliac artery. The other two underwent
either empiric BIIE or unilateral internal iliac emboliza-
tion based on the fracture pattern and continued clinical
evidence of bleeding from the pelvis. Limitations in the
resolution of intraoperative fluoroscopy compared to the
angiography suite may account for the lack of findings.

Discussion
Intra-operative angiography and embolization in patients
with severe pelvic hemorrhage can be successfully and
safely performed concurrently with exploratory laparotomy,
pelvic packing or other resuscitative procedures. However,
the procedure is best selected for patients in whom intrao-
perative angiography is likely to impact survival.
Patients with a base deficit of less than 13, as well as

those not requiring massive transfusion or suffering

Table 2 Characteristics of non-survivors undergoing intraoperative pelvic angiogram

Non-Survivors

Patient #

7 8 9 10 11 12

Mechanism MCC MVC MVC Pedestrian MCC MCC

Age 57 42 29 56 33 72

Gender Male Male Male Male Male Male

ISS 34 41 41 41 34 29

Fracture
Type

Sacral
fractures

Sacral compression
fracture

Left iliac wing
fracture

Right sacral fracture, left acetabular
fracture

Sacral
fracture

Sacroiliac joint
fracture

OTA 61C2.2 R 61B3.1 L 61C1.1 R 61C1.3, L 62B2.3 R61C1.3 L61C1.2

ED LOS
(min)

26 > 60 > 60 20 15 17

Hospital
LOS

1 1 1 12 1 1

ICU LOS 0 1 1 12 0 1

Vent Days 1 1 1 12 1 1

Pre-OR
PRBC

> 6 units > 6 units > 6 units > 6 units > 6 units > 6 units

Initial B.D. > 13.0 > 13.0 8.5 > 13.0 12.3 > 13.0

Initial INR 1.43 > 1.7 1.33 > 1.7 1.07 1.04

Pre-OR CT Yes Yes Yes No No No

Exp Lap Yes Yes No Yes Yes Yes

Angio First No Yes No No No No

Disposition N/A N/A N/A N/A N/A N/A
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from a vertically unstable pelvis fracture (OTA 61C), are
most likely to benefit from the procedure. This is also
consistent with work by Wong and colleagues in which
the rate of blood transfusion prior to embolization was
predictive of mortality [3]. In their study, death was
associated with 11.3 ± 11.0 units of blood transfused per
hour versus 3.2 ± 1.9 units per hour in survivors. Fangio
and associates also found that the rate of blood transfu-
sion was significantly higher in nonsurvivors [4].
Manual compression with pelvic binders should be

performed early during the resuscitation in appropriate
patients. Based on our experience, total ED length of

stay for these patients should also be kept under one
hour whenever possible. The decision to perform CT
scan prior to or after embolization is largely dependent
on the ability to achieve reasonable hemodynamic com-
pensation. In a clinical algorithm for managing hemody-
namically unstable patients with pelvic fractures, Jeske
and coworkers were able to obtain pre-embolization CT
images in 24 out of 42 patients [5].
When possible, embolization should be performed

prior to laparotomy in hemodynamically stable patients
since this has been shown to reduce mortality [6]. How-
ever, all of the patients in our study were hemodynami-
cally compromised, and five out of six patients in each
group (survivors and non-survivors) required laparotomy
prior to angioembolization in. This is one of the major
advantages in bringing pelvic embolization to the operat-
ing room in this subset of patients. Furthermore, the suc-
cess rate in pelvic angioembolization in stopping arterial
hemorrhage has been reported to be 85-100% [4].
Other interventions, such as preperitoneal pelvic pack-

ing, should be considered in patients who are more phy-
siologically distressed. Repeat angiography may also be
needed for persistent hypotension and acidosis [7].
Hemodynamically stable patients without the need for
immediate concurrent operative procedures should con-
tinue to have intraoperative embolization in the inter-
ventional radiology suite where resolution of the images
is considered superior and may allow a more selective
procedure.
There are uncommon but serious complications that

may result from either unilateral of bilateral internal
iliac artery angioembolization [8]. These include thigh
or buttock claudication [9-14], gluteal necrosis [15-18],
rectal necrosis [17], gluteal compartment syndrome [19],
sexual dysfunction [11-14,20], and lower extremity par-
esis [17,21]. One of our patients suffered unilateral
lower extremity ischemia in the context of severe inju-
ries to that limb. While this may have been due to the
underlying injury, it is possible that embolization mate-
rial, intended for the internal iliac artery was inadver-
tently allowed to reflux into the external iliac artery and
distally. We suspect that there might be a higher inci-
dence of non-target embolization when this procedure
is performed in the operating room using portable ima-
ging equipment that has lower special and contrast reso-
lution as well as a smaller field of view. Hybrid
operating rooms with fixed high quality angiographic
equipment are becoming more common at many insti-
tutions. The increased imaging quality made available in
these rooms in theory would increase the likelihood of
successful embolization while reducing the incidence of
non-target embolization.
This is the largest case series report involving intrao-

perative pelvic angiography. Nevertheless, there are

Figure 1 Patient # 10 - Pelvis X-Ray.

Figure 2 Patient # 10 - Intraoperative Pelvic Angiogram. Arrows
point to areas of active contrast extravasation.
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several limitations involving the study. First, caution
should be exercised in interpreting the data on a rela-
tively small patient population involving a single center,
retrospective study. Second, high-quality resolution of
intraoperative angiographic images is not as superior as
those performed in the interventional radiology suite.
Although there were no angiography related complica-
tions, we do not know how the limited resolution of
those images may or may not have impacted these criti-
cally injured patients. Finally, this report does not
directly compare intraoperative pelvic embolization with
other modalities that might be used in the hemodynami-
cally unstable patient, such as preperitoneal packing.

Conclusions
We believe that the operating room is the optimal envir-
onment for a multi-modality approach in treating severe
and complex pelvic fractures associated with hemody-
namic instability and multisystem injuries in selected
patients. Intra-operative angioembolization in patients
with severe pelvic hemorrhage can be successfully per-
formed concurrently with exploratory laparotomy, pelvic
packing or other resuscitative procedures. Clinical out-
comes may be improved when combined surgical and
percutaneous approaches are executed in operating
rooms with high quality fixed imaging equipment.
Those patients most likely to benefit have a base deficit
of less than 13; are not requiring massive transfusion
prior to the start of their intraoperative procedure; and
do not have a vertically unstable pelvis fracture.

List of Abbreviations
IAE: intraoperative angioembolization; BIIE: bilateral internal iliac
embolization; LOS: length of stay; ED: Emergency Department; PTOS:

Pennsylvania Trauma Outcomes Study; SNF: skilled nursing facility; ISS: injury
severity score

Acknowledgements
The authors wish to acknowledge the contributions made by Dr. Daphne
Pinkas for their contributions in data collection related to this clinical
investigation.

Author details
1University of Wisconsin Hospital & Clinics Department of Orthopaedics &
Rehabilitation 1685 Highland Avenue Madison, WI 53705 (608) 263-9456,
USA. 2Penn State Hershey Medical Center, Department of Radiology 500
University Drive Hershey, PA 17033, USA. 3University Orthopaedic Associates,
LLC 4810 Belmar Boulevard, Suite 102 Wall, NJ 07753, USA. 4Penn State
Hershey Medical Center, Department of Orthopedics and Rehabilitation 500
University Drive Hershey, PA 17033, USA.

Authors’ contributions
RC (1) substantial contributions to conception and design, and analysis and
interpretation of data; and (2) drafting the article or revising it critically for
important intellectual content; and (3) final approval of the version to be
published. DG (1) substantial contributions to acquisition of data; and (2)
revising the article critically for important intellectual content; and (3) final
approval of the version to be published. FL (1) substantial contributions to
analysis and interpretation of data; and (2) revising the article critically for
important intellectual content; and (3) final approval of the version to be
published. JD (1) substantial contributions to acquisition of data; and (2)
revising the article critically for important intellectual content; and (3) final
approval of the version to be published.JSR (1) substantial contributions to
conception and design, acquisition of data, and interpretation of data; and
(2) drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published.

Competing interests
The authors declare they have no competing interests.

Received: 10 December 2010 Accepted: 13 May 2011
Published: 13 May 2011

References
1. Morozumi J, Homma H, Ohta S, et al: Impact of mobile angiography in

the emergency department for controlling pelvic fracture hemorrhage
with hemodynamic instability. J Trauma 2010, 68:90-95.

2. Morozumi J, Ohta S, Homma H, et al: Introduction of mobile angiography
into the trauma resuscitation room. J Trauma 2009, 67:245-251.

Table 3 Intraoperative pelvic angioembolization - findings and procedure

Patient
#

Bleeding Vessel Vessel Embolized Bilateral
Embolization

1 Not identified (distal small vessel irregularity) Left Internal iliac No

2 Left Internal iliac anterior/posterior division; right
lateral sacral

left internal iliac/R lateral sacral Yes

3 Right internal iliac anterior/posterior division Right Internal iliac No

4 Bilateral anterior division branches internal Iliac Left internal iliac anterior/right vesicle artery/right obturator
(bilateral anterior division branches)

Yes

5 Left internal Iliac, anterior and posteriors divisions Left internal iliac No

6 Not identified Left internal iliac No

7 Left Internal illiac anterior division, right internal
Iliac

Bilateral internal iliac Yes

8 Not identified Bilateral internal iliac Yes

9 right branch anterior division (vesical); left
superior gluteal, iliolumbar

Right internal iliac anterior division/Left internal iliac posterior
division

Yes

10 Multiple branches bilateral internal Iliac Bilateral internal iliac Yes

11 Not identified None (surgical ligation right internal illiac) N/A

12 Right internal iliac Bilateral internal iliac Yes

Cherry et al. Journal of Trauma Management & Outcomes 2011, 5:6
http://www.traumamanagement.org/content/5/1/6

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/20065763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667875?dopt=Abstract


3. Wong YC, Wang LJ, Ng CJ, Tseng IC, See LC: Mortality after successful
transcatheter arterial embolization in patients with unstable pelvic
fractures: rate of blood transfusion as a predictive factor. J Trauma 2000,
49:71-75.

4. Fangio P, Asehnoune K, Edouard A, Smail N, Benhamou D: Early
embolization and vasopressor administration for management of life-
threatening hemorrhage from pelvic fracture. J Trauma 2005, 58:978-984,
discussion 984.

5. Jeske HC, Larndorfer R, Krappinger D, et al: Management of hemorrhage
in severe pelvic injuries. J Trauma 2010, 68:415-420.

6. Eastridge BJ, Starr A, Minei JP, O’Keefe GE, Scalea TM: The importance of
fracture pattern in guiding therapeutic decision-making in patients with
hemorrhagic shock and pelvic ring disruptions. J Trauma 2002,
53:446-450, discussion 450-441.

7. Shapiro M, McDonald AA, Knight D, Johannigman JA, Cuschieri J: The role
of repeat angiography in the management of pelvic fractures. J Trauma
2005, 58:227-231.

8. Travis T, Monsky WL, London J, et al: Evaluation of short-term and long-
term complications after emergent internal iliac artery embolization in
patients with pelvic trauma. J Vasc Interv Radiol 2008, 19:840-847.

9. Bratby MJ, Munneke GM, Belli AM, et al: How safe is bilateral internal iliac
artery embolization prior to EVAR? Cardiovasc Intervent Radiol 2008,
31:246-253.

10. Cynamon J, Lerer D, Veith FJ, et al: Hypogastric artery coil embolization
prior to endoluminal repair of aneurysms and fistulas: buttock
claudication, a recognized but possibly preventable complication. J Vasc
Interv Radiol 2000, 11:573-577.

11. Engelke C, Elford J, Morgan RA, Belli AM: Internal iliac artery embolization
with bilateral occlusion before endovascular aortoiliac aneurysm repair-
clinical outcome of simultaneous and sequential intervention. J Vasc
Interv Radiol 2002, 13:667-676.

12. Rayt HS, Bown MJ, Lambert KV, et al: Buttock claudication and erectile
dysfunction after internal iliac artery embolization in patients prior to
endovascular aortic aneurysm repair. Cardiovasc Intervent Radiol 2008,
31:728-734.

13. Schoder M, Zaunbauer L, Holzenbein T, et al: Internal iliac artery
embolization before endovascular repair of abdominal aortic aneurysms:
frequency, efficacy, and clinical results. AJR Am J Roentgenol 2001,
177:599-605.

14. Kritpracha B, Pigott JP, Price CI, Russell TE, Corbey MJ, Beebe HG: Distal
internal iliac artery embolization: a procedure to avoid. J Vasc Surg 2003,
37:943-948.

15. Silberzweig JE: Re: Transcatheter arterial embolization for pelvic fractures
may potentially cause a triad of sequela: gluteal necrosis, rectal necrosis,
and lower limb paresis. J Trauma 2009, 67:416-417.

16. Suzuki T, Shindo M, Kataoka Y, et al: Clinical characteristics of pelvic
fracture patients with gluteal necrosis resulting from transcatheter
arterial embolization. Arch Orthop Trauma Surg 2005, 125:448-452.

17. Suzuki T, Kataoka Y, Minehara H, et al: Transcatheter arterial embolization
for pelvic fractures may potentially cause a triad of sequela: gluteal
necrosis, rectal necrosis, and lower limb paresis. J Trauma 2008,
65:1547-1550.

18. Yasumura K, Ikegami K, Kamohara T, Nohara Y: High incidence of ischemic
necrosis of the gluteal muscle after transcatheter angiographic
embolization for severe pelvic fracture. J Trauma 2005, 58:985-990.

19. Su WT, Stone DH, Lamparello PJ, Rockman CB: Gluteal compartment
syndrome following elective unilateral internal iliac artery embolization
before endovascular abdominal aortic aneurysm repair. J Vasc Surg 2004,
39:672-675.

20. Ramirez JI, Velmahos GC, Best CR, Chan LS, Demetriades D: Male sexual
function after bilateral internal iliac artery embolization for pelvic
fracture. J Trauma 2004, 56:734-739, discussion 739-741.

21. Kritpracha B, Comerota AJ: Unilateral lower extremity paralysis after coil
embolization of an internal iliac artery aneurysm. J Vasc Surg 2004,
40:819-821.

doi:10.1186/1752-2897-5-6
Cite this article as: Cherry et al.: Intraoperative angioembolization in the
management of pelvic-fracture related hemodynamic instability. Journal
of Trauma Management & Outcomes 2011 5:6.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Cherry et al. Journal of Trauma Management & Outcomes 2011, 5:6
http://www.traumamanagement.org/content/5/1/6

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/10912860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10912860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10912860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12352479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12352479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12352479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15706180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15706180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18503897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18503897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18503897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17957407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17957407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10834487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10834487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10834487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12119323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12119323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12119323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18338212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18338212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18338212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11517053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11517053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11517053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12756337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12756337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15986182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15986182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15986182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19077654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19077654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19077654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14981467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14981467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14981467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15187735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15187735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15187735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15472614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15472614?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


