
clude all arterial f low into the f istula may result in re�
currence or persistence of the arteriovenous shunt by

retrograde flow. Proximal occlusion alone may make

the limb more ischemic by decreasing the pressure in

the fistulous chamber, thereby increase the � steal�

from the distal circulat ion.

Embolizat ion of the distal arterial segment poses

the most diff icult technical considerat ion. A variety of

solut ions are avaliable w hen this task must be per�
formed. Distal occlusion can be accomplished by pass�
ing a catheter through the proximal vessel under two

circumstance: 1、when the artery is only partially

transected and part of it s wall is intact and 2、when

both ends of a totally t ransected vessel f low into a

false aneurysm which connects both ends of the artery

w ith a vein. T he catheter can be advanced through

the pseudoaneurysm or partial laceration across the

fistulous site into the distal vessel. A gent ly curved

catheter and a straight guidew ire have been useful in

this t raversal. T he vessels at the f istula may be

thinned and atheromatous. The angiog raphy must use

g reat caut ion not to perforate during these manipula�
t ion. Once the guidew ire has t raversed the lesion, the

catheter is advanced into the distal artery. Coil occlu�
sion of the distal vessel is done first. Then the

catheter is w ithdraw n back into the prox imal artery

w hich is then occluded by coils.

Transarterial catheterization of the distal vessel

may be impossible if the prox imal vessel has become

very tortuous or enters the fistula chamber at a such

an ang le or locat ion that the origin of the distal vessel

cannot be cannulated through it. Another approach to

the distal segment must be performed. This can be

through the venous side of the fistula back into the

f istulous chamber and then into the distal artery . An�
other approach is to direct ly puncture the aneurysm

chamber and cannulate either the proximal artery and

or the distal arterial segment . T he distal artery can

also be approached through a proximal collateral

branch that connects to the distal artery . Finally a

more distal artery can be punctured percutaneously or

exposed surgically and a catheter can be directed in a

ret rog rade fashion to the site of f istula.

In summary, t reatment of an arteriovenous fis�
tula requires occlusion of all connections betw een the

arterial system and the f istula. Exquisite diagnost ic

arteriography to ident ify all these connect ions is

mandatory. A number of different approaches to the

distal side of the arteriovenous fistulas are available to

complete the embolization.
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Introduction

Pelvic fractures are common, potent ially life�
threatening injuries w hich are caused by high energ y

impact trauma. Pelvic f ractures account for about 3%

of all skeletal injuries and are the third most common

injury described in patients w ho have sustained motor

vehicle accidents. The management of pat ients w ith

these pelvic injuries is cont roversial, dif ficult and

fraught w ith danger. The treatment options available

are often contradictory and the associated injuries of�
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ten require decisions which may impact negat ively up�
on the evaluat ion and treatment of the pelvic injury.

Signif icant hemorrhage does not occur in most

pat ients w ith pelvic fractures. T he majority of pa�
t ients w ith pelv ic fractures do not bleed so profusely

that they require replacement of shed blood volume.

Indeed more than 80% of pat ients w ill require less

than six units of blood t ransfusions. Bleeding in most

cases is likely to be venous or osseous in nature and is

self�lim ited w ithout specific treatment. Radiological

intervent ion is not commonly needed in pat ients with

pelvic fractures. How ever, exsanguinat ing bleeding

may occur.

M ortality rates may be ex tremely high, depend�
ing upon the subpopulat ion studied. A 5% death rate

among all patients w ith pelv ic fractures has been re�
ported, although the death rate among that subpopu�
lat ion w ith unstable pelvic fractures is much higher

rang ing to as much as 50% . While many of these

deaths are caused by ext rapelv ic injuries such as in�
t racranial hemorrhages, chest t rauma and abdominal

hemorrhage, hemorrhage is the leading cause of death

in pat ients w ho sustain pelv ic fractures.

In those that do have a major bleed, hemorrhage

is rapid and massive, and clinically occult . Eleven per

cent of Gruen# s series of 312 pat ients w ith pelvic

fractures sustained hemorrhagic hypovolemic shock.

M oreno reported that seventeen per cent of 538 pa�
t ients w ith pelvic fractures required more than six u�
nits of blood t ransfusion in the f irst tw enty four hours

of hospitalizat ion.

Mechanisms of injury
T he majority of pelvic f ractures are caused by

blunt t rauma and, therefore, post traumatic pelvic

hemorrhage is of ten related to blunt t rauma. The

most common mechanism for pelvic fractures is motor

vehicle accidents w hich accounts for more than one

half of all of pelv ic fractures in the United States.

T he remainder are the result of falls, pedest rians

st ruck by motor vehicles and crush injuries. Falls

from heights result in unstable vertical shear pelvic

fractures w hich render the pelvis both vert ically and

ax ially unstable. Pat ients w ith vert ical deceleration

pelvic fractures are also at risk for decelerat ion trauma

to other st ructures such as the thoracic aorta, the re�
nal arteries and the lung s.

Pelvic fractures are the result of a variety of

forces applied across the pelv is. Internal forces may

result in avulsion fractures of a variety of apophyses

and at tachments of ligaments do not usually result in

pelvic hemorrhage. External forces, on the other

hand, may break the major and minor pelvic rings

w hich therefore result in disrupt ion of ligaments and

their associated arteries and veins. The fracture frag�
ments themselves may impinge and tear adjacent vas�
cular structures in the region of the f ractures.

The three major fracture pat terns w hich are used

to describe pelvic fractures include anterior compres�
sion, lateral compression and vert ical shear. Anterior

compression applies forces ex tending f rom anterior to

posterior across the symphysis pubis such as occur

w hen a pedestrian is st ruck anteriorly by a motor ve�
hicle. It is thought that these forces are init ially ap�
plied across the anterior aspect of the pelvis and result

in disrupt ion of the ligaments f ix ing the symphysis

pubis, although fractures of the pubic rami can occur

instead. As anterior forces are cont inued, there is

st ress across the sacroiliac ligaments initially across

the anterior sacroiliac ligaments and subsequent ly

across the posterior sacroiliac lig aments. If the liga�
ments are st rong enough, fracture across the sacral

may occur instead of S1 diastasis. T hese pelvic in�
juries result in an enlargement of the pelvis and have

been reported to be a common pat tern in patients w ith

massive pelvic hemorrhage.

Lateral compression f ractures are those in w hich

the major vector of force is applied f rom the side f rom

lateral to medial as might occur w hen a driver is

st ruck on the driver# s door by another motor vehicle.

This is the most common pat tern seen after motor ve�
hicle accidents. Vert ical shear injuries are the result

of falls in w hich the hip is directed cephalad through

the acetabular complex of the pelvis or through the

pubic rami and the sacroiliac complex. They result in

f ractures of the pubic rami or diastasis of the symph�
ysis pubis and complex fracture/ dislocat ions of the

sacroiliac complex in w hich there is vertical incon�
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g ruity of the f racture f ragments with one side of the

hem ipelvis usually displaced cephalad. These injuries

are often associated w ith thoracolumbar spinal frac�
tures. Vert ical shear fractures are often associated

w ith gross displacement , massive hemorrhage and

skeletal instability.

Fracture pat terns can also be def ined w ith reg ard

to the amount of displacement of fracture fragments.

It has been shown by Cryer et al that displacements

g reater than 0. 5cm are associated with more bleeding

and hemodynamic instability than those that are not

displaced.

Pathology of vascular injury
Vascular injuries are caused by pelvic fractures in

tw o w ays. The f ragments of bone created by the frac�
ture can penetrate or perforate v ascular st ructures.

Fragments of the superior pubic ramus can tear the

internal pudendal or obturator artery . Fractures

through the sciat ic notch can also tear the superior

g luteal artery as it crosses from the pelvis into the

but tock. Vessels are also disrupted when they are

torn simultaneously w ith the ligaments which are in�
jured by shear forces. The lateral sacral arteries may

be torn w hen the sacroiliac joints are disrupted. The

lateral sacral arteries, for ex ample, may be torn w hen

the contiguous sacroiliac ligaments are disrupted. Dis�
placement of unstable pelvic fractures may also result

in st retch injuries of the vessels.

Algorithm for working up patients

with pelvic fractures

T he management of patients w ith pelvic frac�
tures is a complex affair w ith confilict ing issues w hich

make it dif ficult to form a def initive recommendat ion.

T he common association of pelv ic fractures w ith ab�
dom inal and head injuries and w ith spinal and long

bone fractures requires that diagnost ic and therapeutic

options be prioritized. As in most trauma algorithms

the management of pat ients w ith pelv ic f ractures is

highly dependent upon hemodynamic stability. An

appropriate method of management of a stable pat ient

w ith pelvic f ractures would be quite unorthodox and

possibly life�threatening in the unstable patient.

The methodolog ies of diagnostic and therapeut ic

imag ing in the management of patients w ith pelvic

f ractures w ho are hemodynamically unstable is dis�
t inct ly different from those w ho are stable. Hemody�
namic instability indicates that hemorrhage is massive

and must be addressed rapidly, appropriately and de�
cisively . When patients with hemorrhag ic shock have

no evidence of pelvic fractures, bleeding is most likely

the result of int raperitoneal injuries and the approach

is more clearly def ined. Exploratory laparotomy is

usually the nex t step in management once hemoperi�
toneum is diagnosed.

However when pelvic f ractures are present , the

decisions are more complicat ied and risky because in�
stability could be the result of either massive in�
t raperitoneal injury or ret roperitoneal pelvic hemor�
rhage. Arteriographic embolization is an effect ive

method of controlling of bleeding from torn branches

of the hypogast ric artery w hile exploratory laparoto�
my will release the tamponading effects of the abdom�
inal w all upon the pelvic hematoma and result in ex�
pansion of the hematoma and exacerbate hemorrhage.

The diagnostic evaluation of hemor�
rhage in the unstable patient

In either case, it is crit ical to t ry to determine

the most likely source of hemorrhage as soon as possi�
ble. Computed tomog raphy, in this author# s view , is

the best single exam inat ion in pat ients w ith pelvic

f ractures for evaluat ing the potential sources of hemo�
rrhage. How ever, in the unstable pat ient computed

tomog raphy is not usually sat isfactory because of the

delays required for preparation, transport and perfor�
mance of the exam inat ion. Diagnost ic peritoneal

lavage ( DPL) and peritoneal ultrasound have been ac�
ceptable methods of evaluat ing patients w ith blunt ab�
dominal t rauma. How ever, there are limitations of

the use of DPL in pat ients w ith pelv ic f ractures. It

does not assess the possible presence and deg ree of

ret roperitoneal hemorrhage and, therefore, has limi�
tat ions in the patient w ho has both int raperitoneal and

ret roperitoneal injuries. Moreover, DPL is less reli�
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able in pat ients w ho have sustained pelv ic fractures.

T he false posit ive rate for ident ifying intraperitoneal

hemorrhage is as high as 30 per cent .

U ltrasound has been shown to be a rapid and re�
liable alternat ive to DPL in detect ing intraperitoneal

fluid, even when performed by non�radiolog ists with

limited t raining and experience. While ultrasound

may not determine the source of bleeding, it is a

quick method of determ ining that there is int raperi�
toneal hemorrhage and thus is useful in guiding subse�
quent t reatment .

The diagnostic evaluation of hemor�
rhage in the stable patient

T he diagnost ic algorithm changes dramatically

w hen the pat ient is hemodynamically stable. In this

circumstance bleeding is not massive and a more or�
derly approach to diagnosis can be used. T he absence

of instability and transfusion demands suggests, in

most cases, that urgent arteriography w ill not be

needed. T he vast majority of pelvic fractures w ill not

require t ransfusion or die of t rauma.

Methods of hemostasis for pelvic hem�
orrhage

T here are mult iple approaches to hemostasis of

retroperitoneal hemorrhage and each has a role in the

management of these pat ients. External skeletal f ix a�
t ion has been st rongly recommended by orthopedic

surg eons and some trauma surg eons as an method of

hemorrhage tamponade in pat ients w ith unstable

pelvic f racture patterns which open the pelvis and in�
crease the pelvic volume. It can be rapidly placed at

the bedside and provides st ructural stability and de�
creased fracture mot ion as these patients t ravel around

the trauma center for mult iple exam inat ions and

treatments.

It is theorized that unstable pelvic f ractures re�
sult in increased pelvic volume which decreases resis�
tance to bleeding. By placing a f ix ator on the pelvis

and closing the displacement and decreasing pelvic

volume, venous and fracture bleeding can be inhibited

and thereby result in t ransfusion requirements. Fur�

thermore stabilization of the fracture prevents recur�
rence of bleeding w hen the pat ient # s f ractures are

moved. While external f ix ators theoret ically may di�
minish venous hemorrhage, this author f inds it diff i�
cult to accept the concept that arterial hemorrhage can

be diminished or stopped by placement of an external.

Nonetheless, external f ix ators is used more liberally

than arteriography at many inst itut ions and may be in

place when arteriography is performed.

In the presence of massive pelvic hemorrhage re�
sulting in hypovolem ic shock, arterial bleeding is like�
ly to be a major contributor to blood loss. T rans�
catheter arterial embolizat ion of massive pelvic hemor�
rhage is felt by many to be the most effect ive method

of cont rolling massive hemorrhage. This procedure is

directed at the multiple small branches of the internal

iliac artery w hich are primarily responsible for mas�
sive blood loss.

Prioritization of control of intraperi�
toneal and retroperitoneal hemorrhage

In the unstable pat ient , it is vital to detect and

treat life�threatening int raperitoneal hemorrhage be�
fore undertaking hemostasis of retroperitoneal pelvic

hemorrhage. M assive int raperitoneal hemorrhage

usually results from injuries of the liver, spleen or

mesentery which may bleed unconfined and freely in�
to the peritoneal cav ity, w hile pelvic hemorrhage

tends to be lim ited by the surrounding retroperitoneal

muscles, fascia and organs. Exploratory laparotomy

is the most expedit ious method of controlling free

bleeding. Therefore the hemodynamically unstable

patient w ith pelvic f ractures and evidence of int raperi�
toneal hemorrhage ( by DPL or US) should undergo

exploratory laparotomy f irst and then, depending up�
on what is found at laparotomy and the pat ient# s pe�
rioperat ive hemodynamic status, undergo pelvic arte�
riography to evaluate pelvic hemorrhage. Pelvic

hemorrhage may also be the primary cause of hemo�
dynamically instability. Intraperitoneal injuries may

be minor or be absent. Primary laparotomy in this

circumstance is as problemat ic as primary arteriogra�
phy w ould be in patients w ho have intraperitoneal in�
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jury as the major source of bleeding. Laparotomy re�
sults in a delay in definit ive hemostasis. It decreases

the tamponade of the abdominal w all and may exacer�
bate hemorrhage. Hypothermia result ing f rom laparo�
tomy may exacerbate that result ing f rom blood loss

and replacement . This in turn may increase coagu�
lopathy result ing in more pelvic bleeding.

Peritoneal lavage or ultrasound is useful in this

circumstance. When these tests in hemodynamically

unstable patients do not show evidence of massive in�
t raperitoneal hemorrhage, pelvic hemorrhage should

be suspected and pelv ic arteriog raphy should be per�
formed as soon as transport can be accomplished.

Indications for pelvic angiography
T he indications for pelvic arteriography in pa�

t ients w ith pelvic f racture are fundamentally based

upon the degree of blood loss and the clinical response

of the pat ient to that blood loss. While there are cer�
tain types of f ractures and fracture patterns w hich ap�
pear to be associated with massive blood loss, the ap�
pearance of the pelvic fracture on radiog raphy or the

degree of hematoma seen on computed tomography

are not reliable determ inants of the need for arteriog�
raphy and embolizat ion. Indeed the vast majority of

pat ients w ho sustain pelvic fractures do not bleed

massively, w ill spontaneously stop bleeding and do

not require arteriog raphy and embolizat ion.

1. Hemodynamic instability w ith no evidence of

intraperitoneal blood. Hemodynam ic instability is the

most important indication for arteriography.

2. Hemodynamic stability w ith blood loss

g reater than 4 units in the f irst 24 hours or 6 units in

the first 48 hours. In many pat ients w ith retroperi�
toneal bleeding , shock can be reversed by rapid

volume and blood replacement . How ever, hemody�
namically stabilized pat ients may continue to bleed

from pelv ic fractures but at a slower correctable rate.

While bleeding from the bony injury and venous

lacerations can continue, these sources do not usually

result in massive blood loss. Estimation of predicted

blood loss f rom pelvic fractures per se is diff icult and

fraught w ith inaccuracies depending upon the number

and deg ree of fracture f ragments. T radit ional esti�

mates of ant icipated blood loss f rom fractures of the

pelvis are around 4 units of blood in the f irst tw enty

four hours or six units of blood in the f irst 48 hours.

When these limits are exceeded, one can anticipate

f inding angiographic evidence of arterial ext ravasat ion

f rom the branches of the internal iliac artery. T his

author believes that delays unt il there is massive blood

loss should be avoided because it results in higher

risks of hepatit is, t ransfusion complicat ions and mul�
t iple organ failure. Furthermore such transfusion re�
quirements are also associated with hypothermia, and

coagulopathy which increases the rate of venous and

osseous bleeding, even when the arterial bleeding has

been controlled.

3. Massive or expanding pelvic hematoma seen

on laparotomy. There are circumstances w here ex�
ploratory laparotomy is performed for significant in�
t raperitoneal injuries. T here may also be an associated

pelvic hemorrhage seen during explorat ion. It may be

manifested as an expanding or a tense hematoma of

the ret roperitoneum or there may be tears of the pos�
terior peritoneum with resultant int raperitoneal hem�
orrhage from the ret roperitoneum. In either circum�
stance, the operat ing surgeon may decide that ang io�
graphy is the next appropriate step. The reader is

caut ioned against operative exploration of pelvic

hematomas associated w ith pelvic fractures in order to

attempt ligat ion of pelvic bleeding sites. Ligat ion of

the internal iliac artery is an inef fective technique be�
cause collateral circulation w ill maintain suf ficien

blood pressure and f low to allow persistent bleeding .

4. Massive pelvic hematoma seen on CT. A

thoret ical indication for ang iography is the detect ion

of a massive hematoma on CT. How ever, this author

has not found the size of the hematoma to be predic�
t ive of the need for ang iography, although arterial

contrast ext ravasat ion w ithin hematomas does suggest

act ive bleeding and may be a useful triage sign. How�
ever, once indicat ions for arteriography are met,

there is litt le role for computed tomog raphy before an�
giog raphy.

5. Post�t raumat ic priapism. Angiography can al�
so be used to evaluate and treat the uncommon entity

of post�traumatic priapism. T his condit ion of persis�
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tent erection w hich is not associated w ith sexual stim�
ulation is usually caused by venoocclusive disease but

may also result from trauma. The mechanism of in�
jury may be blunt or penetrating in origin. T he per�
ineum may be traumatized by being crushed against

the bars or seat of a bicycle or motorcycle or during a

fall from a height w here the pat ient straddles some

st ructure. The pathophysiolog y is usually vascular en�
gorgement and hypertension within the cavernosal

bodies rather than the more typical mechanism of ve�
nous oucclusion and cavernosal out flow as is seen in

sickle cell anemia. It is caused by an arteriovenous

fistula or false aneurysm of a cavernosal branch of the

internal pudendal artery. Superselect ive arteriography

of both internal pudendal arteries may be part icularly

helpful w hen the injury is not easily ident ified. This

author has not experience w ith the modality in this

condit ion.

Techniques of pelvic angiography

Access

T he femoral artery is preferred for vascular ac�
cess in these pat ients. There are, how ever, some

technical diff iculties in these pat ients. Palpat ion of

pulses can be part icularly diff icult because pelvic

hematomas may spread below the inguinal ligament ,

w hich itself may be disrupted. Hypovolem ia, hy�
pothermia and vasoconstrict ion due to catecholam ine

release may result in narrow ing of the artery. Lateral

displacement of the hemipelvis may occur in unstable

fractures and this may result in a more lateral position

to the femoral artery.

While a femoral cutdow n can be done quickly in

the angiography suite, this is seldom necessary. Fluo�
roscopy can be used to determine the best locat ion for

punctures of the non�palpable femoral artery. The

vessel usually lies at the junct ion of the medial and

middle third of the arc of the acetabulum ; the in�
guinal ligament usually is at or above the junct ion of

the upper and m iddle thirds of the femoral head. If

the femoral vein is inadvertent ly punctures, a

guidew ire and or a sheath can be placed w ithin the

vein and used as a radiopaque marker of its posit ion.

This sheath also provides a conduit for fluid resuscita�
t ion or caval f ilter placement.

The SMART NEEDLE ∃R is a most helpful de�
vice in these pat ients. It allows access in the most dif�
ficult situat ions, such as the unstable pat ient w ith ab�
sent pulses.

Catheters
A sheath is recommended for pelvic arteriogra�

phy for trauma embolization. A number of catheter

shapes can be used for these cases; because both hy�
pogast ric vessels must be select ively catheterized,

these shapes should allow movement across the bifur�
cation of the aorta and the common iliac artery.

Coaxial catheters are somet imes necessary to catheter�
ize bleeding vessels, although the time and effort are

usually unnecessary.

I prefer the Headhunter catheter w ith a long loop

created by Waltman# s. Other catheters include the

Bookstein or Stein catheter which have a long distal

limb which allow s the ang iographer to manipulate

prox imally and distally and bilaterally.

Aortograhy

Aortography of the abdomen and pelvis should be

performed before selective catheterizatoin for a num�
ber of reasons. Associated injuries of the liver, spleen

and kidneys as well as vascular injury to the lumbar

vessels may also be present and identification and

treatment of arterial bleeding f rom these injuries

should be attempted simultaneously. A select ive

pelvic arteriog ram is also essential because it allow s

visualizat ion of the anatomy of the hypogastric arter�
ies, as w ell as delineation of ex ternal iliac or femoral

branch injuries at the same t ime. Bleeding sites are

better visualized on selective hypogastric arteriogra�
phy than on aortography.

It is not uncommon to have a normal pelvic aor�
togram while select ive hypogast ric arteriography

demonst rates mult iple bleeding sources.

Both hypogast ric arteries should be studied even

when the pelvic fractures are unilateral or w hen a pri�
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or CT demonstrates the presence of a unilateral

hematoma. Huitt inen and Slat is reported that bleed�
ing w as bilateral in tw o thirds of studied autopsy ma�
terial. Hemorrhage may emanate from a contralateral

vessel because of anomalies or because of cont ralateral

retrograde filling of proximally occluded vessels.

T he angiographic f indings of pelvic arterial hem�
orrhage are the same as those of other arterial in�
juries; they include ext ralum inal ext ravasation, oc�
clusion, arteriovenous f istula, vasospasm, dissections

and f illing defects. Contrast ext ravasat ion and occlu�
sion are the most common f indings. Arteriovenous

fistulae are uncommon in blunt. The appearance of

ext ravasat ion is dependent upon the t im ing of arteri�
ography ; w hen arteriog raphy is done early, it demon�
st rates small ext ravasation, w hen done late, studies

show larger accumulat ions of the contrast medium.

T his no doubt is caused by liquefact ion of the

hematoma with t ime. T he appearance also depends

upon mechanisms of injury and the individual vessel

w hich is injured. Arterial bleeding associated with

many pelvic fracture and the result of disruption of

multiple small vascular st ructures surrounding bone

and paralleling ligamentous structures. T hese present

as small punctate puddles of cont rast medium, of ten

multifocal in locat ion. Other f ractures cause tearing of

muscles and lig aments and disrupt ion of medium sized

vessels. T hese ex travasat ions tend to be larger and

more focal. F inally larger vessels such as the superior

g luteal artery may be torn or avulsed and result in

large accumulat ions of cont rast .

Indications for embolotheraphy
T he indicat ions for embolizat ion are based upon

the hemodynam ic status and the degree of blood loss

seen. Therefore embolizat ion should be considered

whenever arterial ext ravasation is seen. Embolization

of occluded arteries ident ified at angiography is a

more dif ficult decision. One could argue that since no

bleeding is seen, embolizat ion should be deferred unt il

a repeat or followup arteriog raphy is needed. I recom�
mend that all arterial injuries, including occlusions,

be treated preempt ively by t ranscatheter embolization

to secure the injury and protect ag ainst delayed or re�

current hemorrhage. Another diff icult decision is how

to treat patients w ho have angiog raphy which show s

no evidence of arterial hemorrhage or other angio�
graphic abnormality. One would presume that such

bleeding is venous in origin. Some angiographers

w ould perform bilateral hypogastric embolizat ion in

this scenario, t rying to diminish hypogast ric venous

bleeding . T his author does not believe that it is possi�
ble to dim inish pelv ic and hypogastric venous flow by

arterial embolizat ion. The practice � blind emboliza�
t ion� is not recommended.

Techniques of embolotherapy
The nature of pelvic f racture hemorrhage f rom

mult iple and bilateral small vessels supplying or run�
ning adjacent to muscles, tendons, ligaments, nerves

and bone requires small sized embolic material. T he

emboli must reach into the distal small vessels and by�
pass the numerous and ex tensive peripheral and cen�
t ral collateral circulation. While these collaterals

maintain adequate perfusion to the t issues supplied by

the embolized vessels, they also increase the risks of

recurrent bleeding as these collaterals enlarge. T his is

the reason that bilateral hypogastric artery ligation is

unsuccessful in controlling pelvic hemorrhage.

Surgical gelat in is the preferable embolic material

for hemorrhage associated w ith pelv ic f ractures. It is

readily available at any facility. It is rapidly prepared

and delivered. The size and shape of the emboli can

be tailored to the specif ic injury. Gelfoam has an in�
termediate occlusion t ime which is ideal for this type

of injury where healing of the fractures and soft t issue

lacerat ions can be expected to begin early.

Pledget size is dependent upon the size of the

vessels w hich are injured but one must consider the

ef fects of vasospasm and hypovolemia in determining

the size of the vessels. T he ideal size is generally be�
tw een tw o and four millimeters cubes; this allow s col�
lateral flow to reach the t issues w hile direct f low to

the bleeding site is terminated. Smaller pledgets are

not recommended because they may reach too far dis�
tally and result in ischemia or infarct ion.

The optimum site of embolizat ion is to the artery

of the distribut ion of bleeding. How erver, superselec�
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t ive catheterizat ion of these multiple small vessels is

more diff icult and of ten requires coax ial techniques.

T his is t ime consum ing and may not be w arranted in

hemodynamically unstable patients. Moreover, su�
perselect ive catheterizat ion may result in vasospasm

which can prevent delivery of the emboli to the pe�
riphery either mechanically or by f low direction.

T herefore the site of delivery of emboli depends

upon the ability to place the catheter in the desired

posit ion. An alternat ive w hich is used by Kings

County Hospital is to place the catheter more proxi�
mally and allow blood flow to carry the emboli to the

site of bleeding . The advantages of a more central lo�
cat ion in the hypogast ric artery are the avoidance of

v asospasm, a more expedit ious and less complicated

embolizat ion, and maintenance of f low direct ion of

the emboli. T his � spray� of emboli also creates multi�
ple sites of occlusion w hich dim inish direct flow to the

zone of hemorrhage.

T he disadvantag e of this non�target embolization

is that emboli may f low to areas of the pelv is w hich

are not bleeding and this may result in ischem ia to

normal t issues. Bilateral hypogastric embolizat ion has

been w ell tolerated by our patients w ith minimal com�
plications.

� Coil blockade� can be used to prevent emboliza�
t ion of uninjured pelvic vascular beds. This technique

occludes the origins of normal vascular beds with

spring coils w hich act as � filters� to block the f low of

pledget emboli into depths of the normal vascular

bed. Embolizat ion with gelfoam through a catheter

placed prox imally allows flow of the small part iculate

emboli to the area of bleeding . T he vascular bed of

the normal vessels that have had their origins occlud�
ed remain perfused through the rich collateral net�
work.

Coils are rarely appropriate for the t reatment of

pelvic f racture bleeding. Superselective catheterizaton

and microcoil occlusion has been described for these

injuries but we have found the t ime and expense to be

unnecessary.

The end point of embolizat ion is stasis w ithin the

bleeding vessel. It is vital that pelvic aortography and

bilateral hypogast ric angiography be performed af ter

embolizatio to assure that bleeding does not persist

through collateral circulat ion. Hypogastric arteriogra�
phy alone may not visualize the collaterals f rom the

femoral arteries.

Post t raumat ic priapism may be reversed by em�
bolization of the internal pudendal artery to close the

f istula. Because this condition is less life�threatening
than that for arterial hemorrhage resulting f rom pelvic

f racture, there is usually time to attempt superselec�
t ive catheterization of the internal pudendal artery or

the injured branch. The use of coax ial catheters to g et

as close to the injury allow precise occlusion w ithout

compromise to uninjured vasculature and minimize the

chances of recurrence by collateral flow . Surg ical

gelatin is the embolizat ion material of choice because

it may be temporary and the sizing of the emboli can

be tailored to the pat ient . If a high flow larg e connec�
t ion fistula exists, surgical gelat in may be inadequate

and result in recurrence. In such situat ions Tracker ∃R

or H ilal ∃R coils may be better suited to a favorable

outcome.

This treatment is usually successful in rapidly

clearing the priapism w ith response occurring w ithin

24 hours. If priapism persists, it suggests that the

emboli have w ashed across the venous connect ion or

collateral circulat ion has been recruited to maintain

the f istula. Arteriography should be repeated in this

situat ion to determ ine the reason for failure of the

t reatment. Complicat ions of this treatment are un�
common and most pat ients are able to develop tumes�
cence and maintain an erect ion during sexual activity.

However, impotence has been described in one pa�
t ient .
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