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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.

M ore than half of pat ients sustain isolated splenic in�
jury but many pat ients have associated abdominl in�
juries to the liver, kidney, g allbladder, pancreas, and

hollow viscera. Injuries to the brain, the lungs and

thoracic cage, and the long bones and pelvis are also

frequent ly seen. The mortality associated w ith splenic

injury is about 8% ~ 10%; major morbidity is seen in

more than 20% .

T he clinical signs of splenic injury are very non�
specif ic and correlate poorly w ith injury. In the most

severe cases diffuse abdominal pain with distension,

and hemodynamic instability w ith shock are present

making the diagnosis of abdominal catast rophe obvi�
ous. On the other hand, symptoms may be absent for

quite some t ime, result ing in missed or delayed diag�
nosis.

T he spleen has unt il recent ly been a org an in

search of a purpose. L it t le w as known about the

funct ions for the spleen and this lack of knowledge

w as used to just ify splenectomy for most injuries.

T he development over the past four centuries of rou�
t ine splenectomy as the surgical t reatment of choice

for injury was encouraged by this lack of understand�
ing of the role of the spleen. The fact that most pa�
t ients appeared to tolerate it s removal w ithout signifi�
cant sequellae advanced the concept that the spleen

might be vestigial, an unnecessary org an w ithout

funct ion in humans.

In 1952 King and Schumaker first reported the

occurence of fatal sepsis in some children who under�
went splenectomy for a v ariety of indicat ions includ�
ing trauma and began the quest ioning of the policy of

mandatory splenectomy for injury. T his sepsis was

characterized by overw helm ing bacterial pneumonia

and mening it is leading to sept icemia, disseminated in�
t ravascular coagulopathy, multiple organ failure and

death. The infect ions w ere often caused by the fulmi�
nant growth of encapsulated organism, most com�
monly Haemophilus influenzae, St reptococcus pneu�
moniae and Nesseria meningitidis.

This associat ion betw een splenectomy and fatal

sepsis has been conf irmed by numerous studies. T he

risk appears to be highest in children w ith thallasem ia

and other serious systemic illness but it is also a real

risk in otherw ise healthy children who have had

splenectomy for t rauma. Fatal sepsis has been est i�
mated to be as much as 50 t imes greater in splenec�
tom ized children than in the normal control popula�
t ion. This added risk is not conf ined to children.

Overwhelming post splenectomy infect ion w as f irst

reported in adults by Whitaker in 1969. It is often

delayed and frequent ly occurs more than f ive years af�
ter the splenectomy has been performed. Green,

Shackford, Sise and Fridlund reported that w hile late

major sept ic complicat ions occurred less commonly af�
ter t rauma than other reasons for splenectomy, it was

st ill common enough( 6% ) to recommend attempting

splenic salvage before removing the injured organ.

The fact that splenectomized pat ients are im�
munocomprom ised and at risk to fatal infection clearly

demonst rates 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 pat ients who

have overw helming sepsis af ter splenectomy often

have considerably higher numbers of bacteria in their
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blood than pat ients w ith intact spleens w ho die of

sepsis. ( Shaw ) This suggests an inability to clear op�
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 lgM product ion is

especially important in the early response to bacterial

challenge. Loss of splenic funct ion also affects poly�
morphonuclear ( PMN ) granulocyte act ivity. The

spleen is responsible for the synthesis and/ or incorpo�
ration of the pept ide Tuf tsin onto its carrier molecule

leukokinin which enables PMNs to maintain their

phagocyt ic and pinocyt ic functions at high levels dur�
ing infect ion. Cellular immunity is also compromised

by the asplenic state as well. F ragmentat ion of the

organ or deep fracture w ith free arterial hemorrhage

and avulsion of the splenic hilum can result in exsan�
guinat ion or hemorrhagic shock. How ever many pa�
t ients w ith splenic injury w ill be hemodynamically

stable on admission or easily resuscitated. Hemor�
rhage may be minimal or stop spontaneously.

If the capsule remains intact, the bleeding w ill

be self�contained w ithin the organ and result in int ra�
parenchymal hematoma, subcapsular hematoma or

both. If the capsule is torn, the int raparenchymal or

subcapsular blood can extend into the peritoneal cavi�
ty. How ever, it may also be contained by the fascia

and the surrounding ex traperitoneal hematoma. The

resistance result ing f rom the surrounding organ, cap�
sule, fascia or hematoma w ill either exceed arterial or

venous pressure and tamponade the bleeding and al�
low organizat ion of the hematoma and secondary in�
tention of the fractures or the insufficient to prevent

expansion or rupture of the hematoma.

Arterial disrupt ions 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 ten�
sion hematoma may rupture.

Over the past three decades several diagnostic

modalities, including scint igraphy , arteriog raphy, ul�
t rasonography 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 alternat ive to and, by many, a superior

replacement of DPL in the management of hemody�
namically stabilized pat ients w ith blunt abdominal

trauma. CT is a highly accurate test for the detection

and quantification of hemoperitoneum and ret roperi�
toneal hematoma. In addit ion, CT has specif icity and

sensit ivity g reater than 90% in the detection and ex�
clusion of splenic injuries. Furthermore, while there

is overestimation and underest imat ion of some in�
juries, CT displays w ith fair accuracy the morphologi�
cal character of the injured spleen and the extent of

damage to the organ. Addit ionally it is a comprehen�
sive study which allow s the detect ion and exclusion of

other associated int ra abdominal injuries.

The direct CT signs of splenic injury are usually

clearly visible on w ell performed scans. Intra�
parenchymal low at tenuat ion and heterog eneous areas

indicate splenic hematoma; areas of very high at tenu�
at ion suggest active hemorrhage.

At Kings County Hospital Center abdom inal an�
giog raphy is usually indicated w henever a splenic in�
jury has been ident if ied on computed tomography in a

hemodynamically stable pat ient . Unstable pat ients

are t reated by immediate laparotomy. The primary

purpose of ang iography is to further assess the splenic

injury and to detect signs of act ive arterial hemor�
rhage. It is this author! s assert ion that arterial ex�
t ravasation, either w ithin or outside the spleen, indi�
cates active bleeding or pulsat ing int rasplenic

hematoma. These cases are the ones w hich are likely

to fail a non�operative course and, therefore require

blood t ransfusion and some form of hemostasis.

Select ive celiac arteriography is adequate as the

init ial study w hen CT prior to arteriog raphy has

show n that injury is confined to the spleen. The celi�
ac artery is studied to assess the presence and adequa�
cy of splenic collateral circulat ion, as w ell as to look at

the liver and pancreas. There are both direct and in�
direct arteriographic signs of splenic injuries. Direct

signs are manifested as injuries of the splenic vascula�
ture. They include ext ravasation, occlusion, arteri�
ovenous shunt ing and f istula, and focal vasospasm.

Indirect signs of splenic injury include f illing defects

in the splenogram in the sinuso idal phase, st retching

of the splenic vasculature, ∀ according# of the splenic

vessel and displacement of the spleen.

Filling defects in the sinusoidal phase or

splenog ram are the most common sign but most non�
specif ic sign of splenic injury. They may be isolated

or associated w ith other signs of splenic injury. Avas�
cular f illing defects in the spleen may be caused by

subcapsular or int raparenchymal hematoma, by

splenic fracture, or by segmental v ascular occlusion.
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Parenchymal defects which are round and w ell�cir�
cumscribed represent intraparenchymal hematomas.

Splenographic defects w hich are located in the peri�
phery and are rounded or lent icular in shape are typi�
cal of subcapsular hematomas. Splenic f ractures may

also present as parenchymal defects; these are usually

long itudinal and irregular and may branch. When f ill�
ing defects are the predominant sign of splenic injury

and are not accompanied by arterial contrast ex trav a�
sation, a successful outcome to nonoperat ive therapy

can be expected even when the filling defect is pro�
nounced. Over the past fifteen years more than one

hundred f if ty pat ients have been observed w ithout op�
erat ion or embolizat ion and none have failed conserva�
t ive management. T ransfusion requirements among

these patients are negligible.

Ex travasat ion of cont rast medium is the most

important angiographic observat ion. It is the most di�
rect sign of int rasplenic arterial injury and signif ies ar�
terial bleeding or pulsat ing hematoma. It therefore i�
dent ifies those patients at highest risk of failed non�
operat ive therapy . Ext ravasat ion may be unifocal but

several sites of ext ravasat ion are of ten seen simultane�
ously. These may be adjacent to each other or may be

diffusely dist ributed.

Signif icant cont rast ext ravasat ions 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 orig inate f rom a specific arteri�
al branch. Such pat ients are managed by splenic

artery co il occlusion w ith success.

Larg e rounded contrast accumulat ions which are

w ell defined and dense represent false aneurysms re�
sult ing f rom transected splenic artery branches. They

are most commonly seen in patients w ho present late

after t rauma or who have sustained clinical evidence

of delayed rupture.

M ost ext ravasat ions are conf ined w ithin the

spleen because there is of ten a hematoma containing it

or because most of the capsule is intact to contain the

hemorrhage. Furthermore act ive arterial ext ravasa�
t ion w hich extends beyond the capsule is often associ�
ated w ith massive uncontained hemorrhage and such

pat ients are often hemodynamically unstable from

hemorrhagic shock. They often do not undergo CT or

ang iography because of their clinical stated and there�
fore the opportunity to see the finding s are uncom�
mon. When they are ident if ied they are quite signifi�

cant and the intervent ionalist must be ex tremely cau�
t ious and proceed w ith utmost haste. I have seen

them most commonly in pat ients who w ere init ially

stable but began to deteriorate during the imaging

studies. They should be embolized immediately . Vi�
sualizat ion of the splenic vein before four seconds of

the beginning of the arterial inject ion is a nonspecif ic

f inding and may be seen w ithout ev idence of arterial

ex travasation. Shunts or fistulas seen to originate

f rom the hilum are considered ev idence of hilar vascu�
lar injury . They are t reated as if they represented ar�
terial ext ravasat ion and all of these are managed by

coil occlusion.

Current ly nonoperat ive management of hemody�
namically stabilized pat ients w ith splenic injury is

considered the standard of care throughout the United

States by general surg eons. Laparotomy is now limit�
ed to those w ho are hemodynamic unstable or who

have associated int raabdominal injuries w hich require

repair.

While it may diagnose splenic injury , CT does

not accurately grade splenic injury and has not pre�
dicted with suff icient reliability which patients can be

successfully managed nonoperatively. CT captures

and isolated event at a moment! s t ime. It does not

describe the prog ression of the injury over t ime. It

does not detail the degree of trauma to the splenic in�
t raparenchymal vessels nor w hether hemorrhage has

ceased or persists.

Numerous authors have documented that CT

both overg rades 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

t reatment .

We have found that arteriog raphy is superior to

CT for triag ing splenic injuries to nonoperative thera�
py or surgery. It can reliably predict w hich pat ients

can be t reated by bedrest w ithout complicat ion.

When splenic arteriography does not demonst rate ex�
t ravasation 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 w ill be tamponaded by

the surrounding hematoma.

Therefore celiac and splenic arteriography are

performed as an emergency procedure immediately af�
ter CT demonst rates a splenic injury reg ardless of the

grade of splenic injury. When arteriography shows no
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arterial ext ravasat ion, patients are adm it ted to an

ICU set t ing for 24 hours and, if stable, are then

placed in a low er level of care. Gradual ambulat ion is

allow ed and pat ients are discharged in five to seven

days depending upon the extent of the splenic fracn�
tures and the associated injuries. Pat ients are advised

to restrict physical act ivity.

When splenic arteriography demonstrates that

there is arterial cont rast ext ravasat ion either w ithin or

external to the spleen, some form of hemostasis is

w arranted in the adult populat ion. Transcatheter coil

occlusion of the prox imal splenic artery is a highly ef�
fect ive method of hemostasis and w e do it in all adults

w ho have angiographic ex travasation.

Splenic artery embolization is an indirect method

of hemostasis. It does not directly obliterate the

source of arterial hemorrhage. Rather it acutely di�
minishes arterial inf low into the spleen and decreases

temporarily splenic pulp pressure. This st rateg y al�
lows hemostasis by facilitat ing spontaneous clot t ing of

the pulsat ing hematoma w ithout persistent bleeding .

T he distal int raparenchymal arterial branches are

end�vessels w ith m inimal collaterals. Therefore, dis�
tal embolizat ion w ith particulate mat ter such as

gelfoam and ivalon results in infarct ion of splenic tis�
sue and is undesirable since the one of the primary

goals of the treatment of splenic injury is salvage of

splenic funct ion.

Prox imal splenic artery coil occlusion avoids in�
farct ion because splenic perfusion is maintained, al�
though at a low er pressure and at a low er flow rate by

using the ex tensive collateral circulation. T he short

g ast ric branches connect w ith branches of the left g as�
t ric artery. The pancreatic magna branches connect to

the dorsal pancreat ic and the pancreat icoduodenal

branches through the transverse pancreatic artery.

T he left gast roepiploic branch connects to the right

g ast roepiploic branch of the gast roduodenal artery.

T he omental branches of the superior mesenteric

artery can provide splenic blood flow by connecting to

the omental branches of the splenic artery.

Embolizat ion is contraindicated in a variey of sit�
uat ions w here 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, situat ions requiring urgent thoracotomy,

coagulopathy and spleen w ith preex ist ing pathology.

Laparotomy is clearly indicated in most of these situa�
t ions because ang iography is more time consuming

and less def initive than splenectomy. Moreover,

operat ive explorat ion can def initively control other

simultaneous sites of hemorrhage, such as mesenteric

vessels and hepatic veins w hich may not be amenable

to transcatheter cont rol. Associated injuries to the

diaphragm, bow el and pancreas are often present in

hemodynamically unstable patients. Subdural and

epidural hematomas that require urgent craniotomy

can be treated in the operating room at the same t ime

as laparotomy.

Radiologic treatment of splenic injury requires an

intact coagulation mechanism since splenic artery em�
bolization does not direct ly control splenic bleeding

but rather dim inishes splenic inf low and pulp pressure

thereby allow ing spontaneous hemostasis. Spleens

w ith preex ist ing disease such as lymphoma and

leukem ia, hemophilia, should not undergo splenic

artery embolizat ion unless the pat ient is considered in�
operable or has high inherent risks of surgery.

This t reatment of splenic injury is a generally

safe and expedit ious technique. The catheter should

be seated securely w ithin the splenic artery . Its t ip

should be placed distal to the dorsal pancreat ic artery

w hich is a major source of collateral flow . Coils are

the device of choice for the embolizat ion. Proper siz�
ing of the co ils critical. T he coil must be larger than

the diameter of the splenic artery so that it does not

f low distal to the position of the catheter t ip, lodge in

the splenic hilum and block the major collateral

routes. Neither must it be too large either since coils

w hich are too larg e w ill not reform into a helical shape

but rather w ill remain elongated as they are deployed

and result in deployement of the coils w ithin the celiac

axis. Other complicat ions beside errant emboli can oc�
cur. Many of these complicat ions are unrelated to the

procedure. These include dissection of the splenic

artery ( < 1%) , infarct ion requiring splenectomy

( 1% ~ 2%) , splenic or perisplenic abscess ( 1%) ,

missed associated injury , atelectasis and pneumonia

and deep vein thrombosis.

Patients w ho undergo splenic artery embolizat ion

are monitored observed in an intensive care environ�
ment for 24 hours af ter treatment. We consider it

prudent to maintain a higher level of observat ion in

the f irst day. If the pat ient maintains hemodynamic

stability, pat ients are then placed in a standard hospi�
tal environment. Oral intake is begun when the pa�
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t ient has return of bowel act iv ity. Activities are grad�
ually increased over the next 4~ 6 days graduat ing

from bed to chair to w alking to discharg e from the

hospital.

Healing of splenic fractures should be substantial

w ithin three w eeks. Limitation of physical act ivity

after discharge f rom the hospital is suggested for a

v ariable length of t ime. How ever, there are no good

data regarding the optimal durat ion of restricit ion of

physical act iv ity. I suggest limitat ion of activity for

six weeks for all pat ients. This should provide suf fi�
cient t ime for most minor and many major parenchy�
mal injuries to heal and most hematomas to resorb and

organize. A CT scan is repeated at that t ime to assess

the deg ree of healing before making any further re�
commendat ions to the pat ient. If CT shows that the

injury is healed, I permit the pat ient to resume full

act ivity including contact sports. If, however, there

is residual fracture or hematoma, I advise against full

act ivity and cont inus a conservat ive approach. Outpa�

t ient CT scans are repeated at six to eight w eek inter�
vals until complete healing has occurred at w hich t ime

resum tion of complete act ivity allowed.

In conclusion, nonoperat ive t reatment of splenic

injury has been shown to be a safe, effect ive alterna�
t ive to operat ive therapy in hemodynamically stabi�
lized patients. CT improves the diagnosis of splenic

injury w hile also proving the absence of other in�
juries. It is ideally suited as the f irst step in this con�
servat ive management . How ever, CT is not very

good at predict ing w hen nonoperat ive management

w ill be successful. The author recommends splenic ar�
teriography to make this determination. If there is no

ex travasation from the spleen, the nonoperative man�
agement w ill succeed almost alw ays. If ext ravasat ion

of arterial cont rast is seen on angiography, then some

treatment is necessary . Embolizat ion of the splenic

artery has been shown to be an ef fective method of

controlling splenic bleeding.

�病例报告�
肺癌大咯血介入治疗一例

刘惕生

� � 患者男性, 53 岁。经平片、CT、及支气管纤维镜检查确

诊为右下肺中央型、低分化鳞癌。病灶与下后纵隔、横膈及

右后下内胸壁粘连。病后共行三次经支气管动脉化疗灌注

治疗,间隔期为 4 周。经 2 次治疗后, 病灶影像表现无明显

变化;但第 3 次治疗后约 10 小时(夜间) , 患者突发大咯血,

咯出鲜血约1000ml。之后 3 小时内反复发作 6 次,共计出血

约3000ml。间歇期平片示原右下肺大块密影已完全消失,

提示病灶液化排出。

患者行介入诊治: 首次介入诊疗采用选择性支气管动

脉、肋间动脉造影, 寻找出血动脉,发现右侧第九肋间动脉与

肺动脉相通,右支气管动脉已变细且未见出血迹象, 于是当

时对右第九肋间动脉实施了明胶海绵栓塞。术后病情稳定

了 20 小时。之后再次复发出血。第二次介入采用主动脉弓

降部造影寻找靶血管, 此次发现右侧 7、8、9 肋间动脉及右膈

下动脉相互间存在侧支交通, 并与右肺动脉交通,形成多处

体�肺动脉瘘。为避免造成严重栓塞并发症, 故对有关动脉

进行了有限栓塞, 复查主动脉造影显示体�肺动脉交通征象

已消失。基本达到目的。术后稳定了 4 天无咯血, 拔除了气

管瘘管。但第 5 天又因一次咯血造成窒息, 抢救未能奏效。

作者单位: 545001 � 广西柳州市人民医院

 185 介入放射学杂志 1999年 8月第 8卷第 3期 � J Interventional Radiology 1999, Vol. 8, No. 3


