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Embolization of the proximal splenic artery

for injuries of the spleen
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T he spleen, the organ most commonly injured by
blunt trauma, affects all ages and both sexes but is
most common in young adult males and children.
More than half of patients sustain isolated splenic irr
jury but many patients have associated abdominl i
juries to the liver, kidney, gallbladder, pancreas, and
hollow viscera. Injuries to the brain, the lungs and
thoracic cage, and the long bones and pelvis are also
frequently seen. The mortality associated with splenic
injury is about 8% ~ 10%; major morbidity is seen in
more than 20% .

T he clinical signs of splenic injury are very norr
specific and correlate poorly with injury. In the most
severe cases diffuse abdominal pain with distension,
and hemodynamic instability with shock are present
making the diagnosis of abdominal catastrophe obvi-
ous. On the other hand, symptoms may be absent for
quite some time, resulting in missed or delayed diag
nosis.

The spleen has until recently been a organ in
search of a purpose. Little was known about the
functions for the spleen and this lack of knowledge
was used to justify splenectomy for most injuries.
T he development over the past four centuries of rowr
tine splenectomy as the surgical treatment of choice
for injury was encouraged by this lack of understand
ing of the role of the spleen. The fact that most pa
tients appeared to tolerate its removal without signifi-
cant sequellae advanced the concept that the spleen

might be vestigial, an unnecessary organ without
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function in humans.

In 1952 King and Schumaker first reported the
occurence of fatal sepsis in some children who under
went splenectomy for a variety of indications includ
ing trauma and began the questioning of the policy of
mandatory splenectomy for injury. This sepsis was
characterized by overwhelming bacterial pneumonia
and meningitis leading to septicemia, disseminated ir
travascular coagulopathy, multiple organ failure and
death. The infections were often caused by the fulmr
nant growth of encapsulated organism, most com-
monly Haemophilus influenzae, Streptococcus pnewr
moniae and Nesseria meningitidis.

This association between splenectomy and fatal
sepsis has been confirmed by numerous studies. T he
risk appears to be highest in children with thallasemia
and other serious systemic illness but it is also a real
risk in otherwise healthy children who have had
splenectomy for trauma. Fatal sepsis has been estr
mated to be as much as 50 times greater in splenec
tomized children than in the normal control popula
tion. This added risk is not confined to children.
Overwhelming post splenectomy infection was first
reported in adults by Whitaker in 1969. It is often
delayed and frequently occurs more than five years af-
ter the splenectomy has been performed. Green,
Shackford, Sise and Fridlund reported that while late
major septic complications occurred less commonly af-
ter trauma than other reasons for splenectomy, it was
still common enough( 6% ) to recommend attem pting
splenic salvage before removing the injured organ.

The fact that splenectomized patients are im-
munocom prom ised and at risk to fatal infection clearly
demonstrates that the spleen serves important im-
munological functions. The spleen is responsible for
the clearance of particulate antigens and old and dam-
aged blood cells. It has been shown that patients who
have overwhelming sepsis after splenectomy often

have considerahly. higher numbers of bacteria in, their
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blood than patients with intact spleens who die of
sepsis. (Shaw)This suggests an inability to clear opr
sonized bacteria. The spleen also plays a major role in
early immunological defense in nonimmune patients
and both cellular and humeral immune responses are
affected by splenectomy. Splenic IgM production is
especially important in the early response to bacterial
challenge. Loss of splenic function also affects poly-
morphonuclear ( PMN ) granulocyte activity. The
spleen is responsible for the synthesis and/ or incorpo-
ration of the peptide Tuftsin onto its carrier molecule
leukokinin which enables PMNs to maintain their
phagocytic and pinocytic functions at high levels dur
ing infection. Cellular immunity is also compromised
by the asplenic state as well. Fragmentation of the
organ or deep fracture with free arterial hemorrhage
and avulsion of the splenic hilum can result in exsarr
guination or hemorrhagic shock. However many pa
tients with splenic injury will be hemodynamically
stable on admission or easily resuscitated. Hemor
rhage may be minimal or stop spontaneously.

If the capsule remains intact, the bleeding will
be self- contained within the organ and result in intra
parenchymal hematoma, subcapsular hematoma or
both. If the capsule is torn, the intraparenchymal or
subcapsular blood can extend into the peritoneal cavi-
ty. However, it may also be contained by the fascia
and the surrounding extraperitoneal hematoma. The
resistance resulting from the surrounding organ, cap
sule, fascia or hematoma will either ex ceed arterial or
venous pressure and tamponade the bleeding and al-
low organization of the hematoma and secondary ir
tention of the fractures or the insufficient to prevent
expansion or rupture of the hematoma.

Arterial disruptions which do not heal may result
in pulsating hematoma of the spleen. These may re
sult in intermittent hemorrhage or expansion of the
hematoma Splenomegaly may result. If the capsule
is stretched or the fragments separate, this high terr
sion hematoma may rupture.

Over the past three decades several diagnostic
modalities, including scintigraphy, arteriography, ul
trasonography and computed tomography have been
used as alternatives or adjuncts to DPL. While each
has value, computed tomography has become accept-
ed as a valid alternative to and, by many, a superior
replacement of DPL in the management of hemody-
namically stabilized patients with blunt abdominal
trauma  CT is a highly accurate test for the detection

and quantification of hemoperitoneum and retroperr
toneal hematoma. In addition, CT has specificity and
sensitivity greater than 90% in the detection and ex-
clusion of splenic njuries. Furthermore, while there
is overestimation and underestimation of some i
juries, CT displays with fair accuracy the morphologr
cal character of the injured spleen and the extent of
damage to the organ. Additionally it is a compreherr
sive study which allows the detection and exclusion of
other associated intra abdominal injuries.

The direct CT signs of splenic njury are usually
clearly visible on well performed scans. Intra
parenchymal low attenuation and heterogeneous areas
indicate splenic hematoma; areas of very high attenur
ation suggest active hemorrhage.

At Kings County Hospital Center abdominal arr
giography is usually indicated whenever a splenic ir
jury has been identified on computed tomography in a
hemodynamically stable patient. Unstable patients
are treated by immediate laparotomy. The primary
purpose of angiography is to further assess the splenic
injury and to detect signs of active arterial hemor
rhage. It is this author’ s assertion that arterial ex-
travasation, either within or outside the spleen, indr

bleeding or

hematoma. These cases are the ones which are likely

cates active pulsating intrasplenic
to fail a norr operative course and, therefore require
blood transfusion and some form of hemostasis.

Selective celiac arteriography is adequate as the
initial study when CT prior to arteriography has
shown that injury is confined to the spleen. The celr
ac artery is studied to assess the presence and adequa
cy of splenic collateral circulation, as well as to look at
the liver and pancreas. There are both direct and irr
direct arteriographic signs of splenic injuries. Direct
signs are manifested as injuries of the splenic vascula
ture. They include extravasation, occlusion, arterr
ovenous shunting and fistula, and focal vasospasm.
Indirect signs of splenic injury include filling defects
in the splenogram in the sinusoidal phase, stretching
of the splenic vasculature, “according” of the splenic
vessel and displacement of the spleen.

Filling defects in the

splenogram are the most common sign but most norr

sinusoidal phase or
specific sign of splenic injury. They may be isolated
or associated with other signs of splenic injury. Avas
cular filling defects in the spleen may be caused by
subcapsular or intraparenchymal hematoma, by

splenic fracture, or, by segmental vascular occlusion.
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Parenchymal defects which are round and wellcir-
cumscribed represent intraparenchymal hem atom as.
Splenographic defects which are located in the pertr
phery and are rounded or lenticular in shape are typi-
cal of subcapsular hematomas. Splenic fractures may
also present as parenchymal defects; these are usually
longitudinal and irregular and may branch. When fill-
ing defects are the predominant sign of splenic injury
and are not accompanied by arterial contrast extrava
sation, a successful outcome to nonoperative therapy
can be expected even when the filling defect is pro-
nounced. Over the past fifteen years more than one
hundred fifty patients have been observed without opr
eration or embolization and none have failed conserva
tive management. T ransfusion requirements among
these patients are negligible.

Extravasation of contrast medium is the most
important angiographic observation. It is the most dir
rect sign of intrasplenic arterial injury and signifies ar-
terial bleeding or pulsating hem atoma. It therefore 1
dentifies those patients at highest risk of failed norr
operative therapy. Extravasation may be unifocal but
several sites of extravasation are often seen simultane
ously. These may be adjacent to each other or may be
diffusely distributed.

Significant contrast extravasations are large and
coarse in nature. The are often irregular in size and
shape and less evenly distributed. These result from
shear injuries to intraparenchymal splenic branches.
T hey are often seen to originate from a specific arterr
al branch. Such patients are managed by splenic
artery coil occlusion with success.

Large rounded contrast accumulations which are
well defined and dense represent false aneurysms re
sulting from transected splenic artery branches. They
are most commonly seen in patients who present late
after trauma or who have sustained clinical evidence
of delayed rupture.

Most extravasations are confined within the
spleen because there is often a hematoma containing it
or because most of the capsule is intact to contain the
hemorrhage. Furthermore active arterial extravasa
tion which extends beyond the capsule is often assocr
ated with massive uncontained hemorrhage and such
patients are often hemodynamically unstable from
hemorrhagic shock. They often do not undergo CT or
angiography because of their clinical stated and there
fore the opportunity to see the findings are uncomr

mon. When they are identified. they are quite, signifi-

cant and the interventionalist must be extremely caur
tious and proceed with utmost haste. I have seen
them most commonly in patients who were mitially
stable but began to deteriorate during the imaging
studies. They should be embolized immediately. Vr
sualization of the splenic vein before four seconds of
the beginning of the arterial mjection is a nonspecific
finding and may be seen without evidence of arterial
extravasation. Shunts or fistulas seen to originate
from the hilum are considered evidence of hilar vasceur
lar injury. They are treated as if they represented ar
terial extravasation and all of these are managed by
coil occlusion.

Currently nonoperative management of hemody-
namically stabilized patients with splenic injury is
considered the standard of care throughout the United
States by general surgeons. Laparotomy is now limit
ed to those who are hemodynamic unstable or who
have associated intraabdominal injuries which require
repair.

While it may diagnose splenic injury, CT does
not accurately grade splenic injury and has not pre
dicted with sufficient reliability which patients can be
successfully managed nonoperatively. CT captures
and isolated event at a moment’ s time. It does not
describe the progression of the injury over time. It
does not detail the degree of trauma to the splenic irr
traparenchymal vessels nor whether hemorrhage has
ceased or persists.

Numerous authors have documented that CT
both overgrades and undergrades splenic injury when
compared to operative grading. Furthermore they
have shown that there is a poor correlation between
CT grades and the ability to predict the success of
treatment.

We have found that arteriography is superior to
CT for triaging splenic injuries to nonoperative thera
py or surgery. It can reliably predict which patients
can be treated by bedrest without com plication.
When splenic arteriography does not demonstrate ex-
travasation of contrast medium either within or out
side the spleen, bedrest without any form of hemosta
sis has been universally successful. Low pressure ve
nous and parenchymal bleeding will be tam ponaded by
the surrounding hematoma.

Therefore celiac and splenic arteriography are
performed as an emergency procedure immediately af-
ter CT demonstrates a splenic injury regardless of the

grade of splenic injury. When arteriography shows no
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arterial extravasation, patients are admitted to an
ICU setting for 24 hours and, if stable, are then
placed in a lower level of care. Gradual ambulation is
allowed and patients are discharged in five to seven
days depending upon the extent of the splenic fracmr
tures and the associated injuries. Patients are advised
to restrict physical activity.

When splenic arteriography demonstrates that
there is arterial contrast extravasation either within or
external to the spleen, some form of hemostasis is
warranted in the adult population. Transcatheter coil
occlusion of the proximal splenic artery is a highly ef
fective method of hemostasis and we do it in all adults
who have angiographic extravasation.

Splenic artery embolization is an indirect method
of hemostasis. It does not directly obliterate the
source of arterial hemorrhage. Rather it acutely dir
minishes arterial inflow into the spleen and decreases
temporarily splenic pulp pressure. This strategy al
lows hemostasis by facilitating spontaneous clotting of
the pulsating hematoma without persistent bleeding.

T he distal intraparenchymal arterial branches are
endvessels with minimal collaterals. Therefore, dis
tal embolization with particulate matter such as
gelfoam and ivalon results in infarction of splenic tis
sue and is undesirable since the one of the primary
goals of the treatment of splenic injury is salvage of
splenic function.

Proximal splenic artery coil occlusion avoids imr
farction because splenic perfusion is maintained, ak
though at a lower pressure and at a lower flow rate by
using the extensive collateral circulation. T he short
gastric branches connect with branches of the left gas
tric artery. The pancreatic magna branches connect to
the dorsal pancreatic and the pancreaticoduodenal
branches through the transverse pancreatic artery.
T he left gastroepiploic branch connects to the right
gastroepiploic branch of the gastroduodenal artery.
The omental branches of the superior mesenteric
artery can provide splenic blood flow by connecting to
the omental branches of the splenic artery.

Embolization is contraindicated in a variey of sit-
uations where other injuries take precedence over
transport to the interventional radiology suite. These
include hemorrhagic shock caused by intraperitoneal
injury, associated abdominal injuries requiring laparo-
tomy, intracranial mass lesions requiring urgent cra
niotomy, situations requiring urgent thoracotomy,

coagulopathy and spleen with preexisting pathology,

Laparotomy is clearly indicated in most of these situa
tions because angiography is more time consuming
and less definitive than splenectomy. Moreover,
operative exploration can definitively control other
simultaneous sites of hemorrhage, such as mesenteric
vessels and hepatic veins which may not be amenable
to transcatheter control. Associated injuries to the
diaphragm, bowel and pancreas are often present in

Subdural and

epidural hematomas that require urgent craniotomy

hemodynamically unstable patients.

can be treated in the operating room at the same time
as laparotomy.

Radiologic treatment of splenic injury requires an
intact coagulation mechanism since splenic artery em-
bolization does not directly control splenic bleeding
but rather diminishes splenic inflow and pulp pressure
thereby allowing spontaneous hemostasis. Spleens
with preexisting disease such as lymphoma and
leukemia, hemophilia, should not undergo splenic
artery embolization unless the patient is considered ir
operable or has high inherent risks of surgery.

This treatment of splenic injury is a generally
safe and expeditious technique. The catheter should
be seated securely within the splenic artery. Its tip
should be placed distal to the dorsal pancreatic artery
which is a major source of collateral flow. Coils are
the device of choice for the embolization. Proper siz
ing of the coils critical. T he coil must be larger than
the diameter of the splenic artery so that it does not
flow distal to the position of the catheter tip, lodge in
the splenic hilum and block the major collateral
routes. Neither must it be too large either since coils
which are too large will not reform into a helical shape
but rather will remain elongated as they are deployed
and result in deployement of the coils within the celiac
axis. Other complications beside errant emboli can oc
cur. Many of these complications are unrelated to the
procedure. These include dissection of the splenic
artery (< 1%),
(1% ~ 2%), splenic or perisplenic abscess (1%),

infarction requiring splenectomy

missed associated injury, atelectasis and pneumonia
and deep vein thrombosis.

Patients who undergo splenic artery embolization
are monitored observed in an intensive care envirormr
ment for 24 hours after treatment. We consider it
prudent to maintain a higher level of observation in
the first day. If the patient maintains hemodynamic
stability, patients are then placed in a standard hospr
tal environment. .Oral intake is begun when the. pa
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tient has return of bowel activity. Activities are grad
ually increased over the next 4~ 6 days graduating
from bed to chair to walking to discharge from the
hospital.

Healing of splenic fractures should be substantial
within three weeks. Limitation of physical activity
after discharge from the hospital is suggested for a
variable length of time. However, there are no good
data regarding the optimal duration of restricition of
physical activity. I suggest limitation of activity for
six weeks for all patients. This should provide suffi-
cient time for most minor and many major parenchy-
mal injuries to heal and most hematom as to resorb and
organize. A CT scan is repeated at that time to assess
the degree of healing before making any further re
commendations to the patient. If CT shows that the
injury is healed, 1 permit the patient to resume full
activity including contact sports. If, however, there
is residual fracture or hematoma, I advise against full

activity and continus a conservative approach. Outpa

tient CT scans are repeated at six to eight week inter
vals until complete healing has occurred at which time
resum tion of complete activity allowed.

In conclusion, nonoperative treatment of splenic
injury has been shown to be a safe, effective alterna
tive to operative therapy n hemodynamically stabr
lized patients. CT improves the diagnosis of splenic
injury while also proving the absence of other imr
juries. It is ideally suited as the first step in this corr
servative management. However, CT is not very
good at predicting when nonoperative management
will be successful. The author recommends splenic ar
teriography to make this determination. If there is no
extravasation from the spleen, the nonoperative marr
agement will succeed almost always. If extravasation
of arterial contrast is seen on angiography, then some
treatment is necessary. Embolization of the splenic
artery has been shown to be an effective method of
controlling splenic bleeding.
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