
The spleen is the most frequently injured organ following
blunt abdominal trauma.1 The high incidence of splenic injury
has demanded continuous reap-
praisal of our understanding of
splenic function, as well as our
approach to its management.
Habitual splenectomy following
trauma initially gave way to
operative salvage via splenor-
rhaphy. The practice of splenor-
rhaphy was largely influenced
by the recognition of the risk for
post-splenectomy sepsis follow-
ing splenectomy.2-4 Techniques
of surgical splenorrhaphy
evolved as surgeons learned
how to handle the injured splenic tissue more effectively.5 Nonop-
erative management evolved in hemodynamically stable children
and adults who had CT imaging studies to determine the pres-
ence of organ injury.6-8 Guidelines evolved for the management of
these organ injuries that utilized a standard scoring system first
articulated by the American Association for the Surgery of Trau-
ma.9 The addition of angiography plus embolization completed

the repertoire10 that today can yield splenic salvage success rates
of 80% or greater in both adults and children, depending on

grade of injury.6,10

The spectrum of current
splenic management, stretching
from nonoperative care to
splenectomy, has developed
along with the concept that
splenic function should be pre-
served whenever possible.
Recognition of the existence of
certain conditions that continue
to require splenectomy compel
medical personnel to evaluate
the entire clinical presentation
of each patient, balancing the

desire to save splenic function with the need to avoid the poten-
tial disaster of splenic hemorrhage. The decision-making process
of care following splenic injury ultimately begins with an individ-
ualized approach to each patient based upon presentation, stabil-
ity, concurrent injuries, and practitioner experience. Education
of those who treat patients with splenic trauma is imperative, and
studies designed to improve the outcomes of splenic management
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in trauma centers should continue to be employed to further our
progress in this area. 

— The Editor

Introduction 
As noted previously, the spleen is the most frequently injured

organ following blunt abdominal trauma.1,11 Prompt recognition and
appropriate scoring of splenic injury is vital for preventing the poten-
tially disastrous complication of hemorrhage and hypovolemic shock.
However, due to the well-recognized risks for post-splenectomy sep-
sis,2-4 routine splenectomy for injury has given way to the practice of
splenic salvage, utilizing techniques of splenorrhaphy (repair of
splenic laceration or rupture with sutures), nonoperative management
of solid organ injury, and angiography with embolization, either sin-
gularly or in combination.5-8,10 Reports of salvage results, adjusted for
the grade of injury severity, demonstrate significant success rates in
both adults and children, with the overall rate approaching 80%.6,10

Despite the predominantly favorable statistics that have arisen
in support of methods of splenic salvage, debates concerning
these techniques have occurred. Criteria for decision-making
between nonoperative and surgical treatment, imaging options,
and follow-up care all have been subject to numerous studies and
discussions. The current approach to the management of splenic
injury will be reviewed in this issue, with the aid of these previ-
ous studies. 

Initial Evaluation and Resuscitation 
For a patient who is the victim of a traumatic injury, the

importance of initial evaluation and resuscitation efforts cannot
be overstated. Expeditious transportation to a medical facility
with appropriate trauma verification as well as assessment and
resuscitation by first responders are key initial steps to achieving
a positive outcome for the patient. 

The primary survey and initial stabilization should be followed
during the evaluation of a traumatically ill patient. Cervical and
spinal stability should be maintained throughout the survey. The
airway must be patent to ensure a pathway for adequate oxygena-
tion. If a clear airway cannot be established, endotracheal intuba-
tion or a surgical airway may need to be performed. Breathing and
ventilation efforts should be examined and supported if necessary,
with supplemental oxygen being provided for every injured
patient.1 Circulatory status should be confirmed next through pulse
checks, skin color, and level of consciousness. Two large-bore
peripheral intravenous lines should be established to allow for
administration of fluids and retrieval of blood for labs. Disability,
or the neurologic state, must be appraised using the Glasgow
Coma Scale (GCS). Finally, the patient must be fully exposed to
gain a complete examination. However, care with blankets and a
warm environment must be taken to protect against hypothermia.

When a patient presents with an abdominal injury, the diagnosis
may not be readily evident. Thus, the crucial step in the first phase
of patient management is to consider such an injury. Pertinent
information regarding the mode of injury should be collected. Fol-
lowing the ABCs, the trauma responder should commence with a
thorough physical examination. A complete abdominal assessment
should consist of examination for ecchymosis, lacerations, disten-
tion; auscultation for normoactive bowel sounds; percussion for
dullness, which would suggest intraperitoneal fluid or hemoperi-
toneum, and hypertympanic regions, which would denote dilata-
tion; and palpation to assess for voluntary and involuntary guard-
ing, rebound tenderness, and abnormal masses.1 Though a patient
may pass this portion of the complete examination without raising
suspicion for abdominal trauma, it is imperative that repeat exami-
nations be performed; a significant number of patients with hemo-
peritoneum are noted to have had “normal” initial abdominal find-
ings.12 If the initial physical exam is normal, yet the suspicion is
high for an abdominal injury, further workup is warranted.

Splenic injury, like abdominal injury in general, is not always
apparent. However, there are “classic” findings that should alert trau-
ma responders to the possibility of damage to the spleen. Left upper
quadrant tenderness and ecchymosis or left lower chest tenderness
may be manifestations of splenic injury. Left lower rib fractures also
should raise the consideration of splenic trauma. Injuries to other
organs, such as the liver or left kidney, increase the possibility of
splenic injury, with thoracic injuries being the most concomitant.13

Kehr’s sign (pain referred to the left shoulder following splenic
injury) or Balance’s sign (dullness to percussion in the left upper
quadrant) may be found. It is important to remember that splenic
trauma also may present with nonspecific signs, such as hypoten-
sion. Again, the consideration of the possibility of splenic injury
often is paramount to the initial management and eventual diagnosis.

The hemodynamic status of a patient ultimately determines the
approach that is taken upon presentation. Hemodynamically unsta-
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ble patients first require prompt establishment of airway, breathing,
and circulation. Evaluation and resuscitation occur simultaneously.
A trauma patient with hypotension is considered to be hypov-
olemic until proven otherwise, and a search for hemorrhage must
take place. If the abdomen is the obvious area of blood loss, emer-
gent operative exploration must occur. If the clinician is unable to
confirm abdominal injury, yet the patient is unstable, a diagnostic
peritoneal lavage or abdominal ultrasound may aid in the decision
regarding whether to perform a laparotomy.13 A patient who is
hemodynamically stable should undergo evaluation of the ABCs,
as well as resuscitation as needed. Imaging studies, such as CT
scans, may then be completed to determine their specific injuries.
Thus, the hemodynamic stability of a patient presenting with
abdominal trauma will play the most significant role in guiding the
trauma physician to choose an appropriate plan of action. 

Organ Injury Scoring 
Following the initial resuscitation and evaluation of patients with

abdominal trauma, the decision-making process regarding manage-
ment strategies must be employed. As has already been noted, cer-
tain physical presentations should spur the healthcare provider to
choose the route of emergent laparotomy over other evaluative
modalities. However, for the majority of patients with abdominal
trauma, the presenting picture may be less clear. To facilitate a more
uniform approach to these patients, the American Association for
the Surgery of Trauma (AAST) formed the Organ Injury Scaling
(OIS) Committee in 1987 to create a scoring system tailored to
individual organs. A revised organ injury scale for the spleen was
adopted in 1995;9 it is based on the size, degree, and depth of lacer-
ations and/or hematomas in the spleen observed at surgery.

In their revision, the OIS Committee stated that the purpose of
scaling an organ injury is to allow for a better comparison between
different treatment strategies for a comparable injury.9 While prog-
nosis cannot be determined based on the splenic injury scale, it does
aid physicians in choosing treatment options. For example, patients
with Grade 5 splenic injuries often are managed by splenectomy.13 A
subsequent splenic injury scale was devised in 2007 that utilizes
multidetector CT images;14 it will be discussed shortly.

The splenic injury scale provides medical personnel with a
systematic approach to determine the extent of damage, and is a
component in deciding the next appropriate course of action.
Imaging studies are utilized to assign a splenic injury score, as
well as to diagnose and treat injuries in select cases. These
options are an invaluable extension of the initial physical exami-
nation in judging the extent of traumatic abdominal injury. 

Imaging Options
Along with physical examination, there are three major tools

employed in the assessment of blunt abdominal trauma: diagnos-
tic peritoneal lavage (DPL), computed tomography (CT), and
focused abdominal sonography for trauma (FAST). DPL has
been used for more than 40 years as a rapid and accurate method
to confirm the presence of traumatic intraperitoneal hemorrhage,
with an accuracy of 92-98%.15 The greatest impact of DPL is in
expediting unstable trauma patients to emergent laparotomy.

Limitations of DPL include significant false-positive cases, the
poor sensitivity of visual inspection of fluid, and its limited use-
fulness in hemodynamically stable patients. FAST scans are non-
invasive, portable, can be done concurrently with resuscitation
efforts, and have high accuracy for detecting free intraperitoneal
fluid (96-98%).15 Emergent exploratory laparotomy also is indi-
cated in unstable patients with positive FAST scans. 

Hemodynamically stable patients with equivocal physical
examination, FAST, or DPL results are best managed by CT scan.
CT also is the diagnostic modality of choice for nonoperative man-
agement of solid organ trauma and for serial surveillance of
injuries in stable patients. CT scans require a reasonably coopera-
tive patient who is hemodynamically stable and can be transported
to the radiology suite. The accuracy of CT scan in stable abdomi-
nal trauma patients is quite high. CT has the ability to detect clini-
cally unsuspected injuries, such as retroperitoneal injuries, that
may modify treatment plans. The major limitations to CT scan are
in detection of mesenteric and hollow-organ injuries and the poten-
tial for adverse events related to contrast media administration.

Abdominal CT scan is considered to be a sensitive, specific,
and accurate modality for delineating the extent and severity of
traumatic injury to the liver and spleen.16 CT scoring systems
were proposed for grading blunt splenic injury in the late
1980s,16-18 correlating the CT features with the common surgical
observations of traumatized spleens. CT grading systems were
recognized as being fairly accurate in depicting the extent of
splenic injury and degree of hemoperitoneum compared with
surgical observations in these studies. However, the CT grade
was deemed unreliable as a prognostic factor for predicting the
success of nonoperative management, with a sizable percentage
of high-grade splenic injuries in hemodynamically stable patients
successfully managed nonoperatively and some low-grade
splenic injuries still requiring laparotomy and splenectomy.

By the late 1990s, several investigators tried to understand
why, in hemodynamically stable patients selected for nonopera-
tive management, the grade of splenic injury or degree of hemo-
peritoneum on CT scan did not predict the outcome of successful
nonoperative management. Gavant et al19 retrospectively ana-
lyzed 263 patients with blunt splenic injuries, 82 of whom under-
went immediate emergent surgery and 181 of whom were stable
enough to be evaluated with emergent CT. Of the 181 CT scan
patients, 72 were treated nonsurgically. Eleven of these patients
failed nonsurgical therapy, 9 (82%) of whom had active extrava-
sation or the presence of a traumatic pseudoaneurysm. The
authors of the study concluded that the failure rate for nonopera-
tively managed blunt splenic trauma may be markedly reduced if
patients with active extravasation or traumatic pseudoaneurysms
are treated with emergent surgical or endovascular repair. Federle
et al20 performed a retrospective study of 270 splenic injury
patients, 150 of whom underwent rapid, dynamic, bolus contrast-
enhanced CT scans, with 100 selected for nonoperative manage-
ment. Of the 96 patients who had no evidence of active extrava-
sation, 83 recovered without surgery or other intervention, and
the splenic salvage rate among the 100 patients selected for non-
operative management was 92%. The authors of this study con-
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cluded that the absence of active extravasation was an important
predictor of successful nonoperative management. Further stud-
ies21-23 defined the appearance of active extravasation (see Figure
1), and defined a role for delayed phase CT scans to differentiate
active splenic hemorrhage from contained vascular injuries, and
reinforced the detection of active hemorrhage as indicating the
need for emergent operative or embolization therapy.

How good is modern-day multidetector CT (MDCT) with
bolus intravenous contrast for detecting active arterial bleeding?
This question was addressed in a 2007 article by Roy-Choudhury
et al24 that compared the detection of active extravasation in a
physiologic flow phantom using a 16-slice MDCT and digital
subtraction angiography (DSA). The accepted rate of bleeding
required for detection on angiography is 1 mL/min, demonstrated
in experimental celiac and mesenteric angiographic studies in
dogs in the 1960s.25 Roy-Choudhury et al found in their model
that a simulated first order aortic branch selective DSA study
detects hemorrhage at 0.96 mL/min, verifying the earlier animal
studies. However, a simulated intravenous contrast-enhanced
MDCT study was more sensitive than DSA, detecting hemor-
rhage at 0.35 mL/min. MDCT with a simulated first order arterial
branch contrast administration and simulated superselective DSA
with the catheter tip right at the bleeding site both can detect
active hemorrhage at rates < 0.05 mL/min. The authors concluded
that intravenous bolus contrast-enhanced MDCT can be used as
the initial imaging technique to diagnose active arterial bleeding
in hemodynamically stable patients with suspected splenic injury.
Marmery et al14 proposed a modified MDCT grading system in
2007 targeted at optimizing the selection of patients for nonopera-
tive management. This grading system incorporates key features
of the AAST system with respect to the splenic parenchymal
injuries, but elevates the presence of active arterial bleeding and
direct splenic vascular injuries to the highest grade (Grade 4),
with recommendation for splenic surgery or angiography and
embolization (see Table 1). ROC analysis of the modified MDCT

grading system and the AAST grading system showed an
improvement in the discrimination of patients requiring emboliza-
tion or surgery with the modified MDCT grading system.

CT scans have greatly contributed to the changing strategies
of splenic management. Their ability to recognize minor injuries
and aid in the scoring of splenic injuries has allowed the continu-
um of care to shift from routine splenectomy to operative splenic
salvage and nonoperative management. The risk of overwhelm-
ing post-splenectomy sepsis2-4 has further contributed to the
increased usage of salvage techniques, of which nonoperative
management has been perhaps the most controversial. 

Nonoperative Management 
Nonoperative management in the care of the injured spleen has

undergone intense scrutiny as researchers have attempted to deter-
mine which criteria should be utilized to prescribe a patient to
more conservative treatment. Various parameters, such as
advanced age and neurologic status, which were first thought to be
indicative of the potential outcome of nonoperative management,
have since been contested. The value of routine repeat abdominal
CT scanning also has been debated, with the current practice sup-
porting the side of decision-making based on clinical progression.

During the 1980s, studies that approached nonoperative man-
agement using strict guidelines for patient selection resulted in
varying success rates.7 Cogbill et al6 suggested that hemodynamic
stability, the absence of other considerable abdominal organ
injuries, and a full abdominal examination in the absence of other
confounding factors would allow nonoperative treatment of Grades
1 through 3 splenic injuries with initial success rates of greater than
80% in adults. Smith et al7 added to this criteria in 1992 with their
study, which achieved a 93% nonoperative management success
rate by excluding patients older than age 55 years. Hunt et al26

found that the majority of adult patients with an Injury Severity
Score (ISS) of less than or equal to 15 could be treated nonopera-
tively for their splenic injuries during a five-year study. However, it
would not be long before some of these guidelines were challenged.

The criteria that suggested age older than 55 is adverse contrib-
utor to the success of splenic nonoperative management has been
tested. In their study, which resulted in an overall 98% nonopera-
tive success rate, Pachter et al8 reported a 100% nonoperative suc-
cess rate among the 17 patients included who were older than age
55. Similarly, Gaunt et al11 found no statistical difference with
respect to age between a group of patients who were successfully
managed nonoperatively versus a group of patients who required
immediate surgical exploration. They also reported that among the
patient group that failed nonoperative management, all were
younger than age 55 years. Subsequent studies27 have provided
further evidence in support of allowing patients over the age of 55
to undergo nonoperative management on a case-by-case basis.

Other parameters also have been challenged, favoring the
application of more nonoperative management plans. In the same
study that assessed the significance of age in nonoperative out-
comes, Gaunt et al11 found no statistical difference with respect
to the GCS score or systolic blood pressures between patients
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Figure 1. Blunt Splenic Injury, Grade 5, 
with Active Extracapsular Extravasation 



managed surgically versus nonoperatively. In their research on
splenic trauma management, Pachter et al8 found that 90% of
patients admitted to the study with an ISS of greater than 15 suc-
cessfully underwent nonoperative care. Furthermore, they sug-
gested that CT scoring of splenic injury may not definitively pre-
dict the outcome of nonoperative treatment.

In view of the many studies that have been performed to aid
the healthcare provider in correctly choosing patients who may
successfully undergo nonoperative management, we suggest cer-
tain guidelines. First, it is prudent to consider the hemodynamic
status of the patient, their response to fluids, and their risk of fur-
ther bleeding. Next, the patient chosen for nonoperative care of
the injured spleen should not have concomitant significant injury
of another abdominal organ, due to the common association.13

Finally, while injury scoring does not predict the patient’s prog-
nosis,9 CT scanning may be used to assess the severity of injury,
and in turn help the trauma team in deciding which course of
treatment to follow.

A patient who is selected for nonoperative management is
best cared for in the hospital setting. This will ensure that the
patient attains bed rest and may be closely monitored through
hemoglobin results and serial abdominal exams to determine
their progression.13 The necessity of routinely repeating abdomi-
nal CT scans has been contested,28 with the current approach
being to repeat the CT scan if the patient’s condition remains
unchanged or deteriorates. The exception in the routine usage of
follow-up CT scanning is to clear patients with splenic trauma
who wish to return to contact sports following their recovery.8

The recent success rates of nonoperative management parallel
its popularity as a component of the treatment repertoire for
patients with splenic injury. However, literature also has
addressed the failures of nonoperative management. The pres-

ence of a “vascular blush” on an abdominal CT scan or a splenic
artery pseudoaneurysm are two of the documented causes of
nonoperative failure.10 As a result, selective angiographic
embolization has arisen as a treatment modality that may prevent
a patient from failing nonoperative management.   

Splenic Angiography and Embolization 
Recognizing that direct arterial injuries and extravasation

were associated with failure of nonoperative management,
Sclafani et al,29 in 1991, proposed that angiography could help
differentiate those patients who could be reliably treated with bed
rest alone from those who required some form of directed hemo-
stasis. He further proposed that transcatheter splenic artery
embolization could successfully gain hemostasis, and could
function as an alternative to laparotomy. In his study of 44 hemo-
dynamically stable splenic injury patients (including patients that
rapidly stabilized with resuscitation), 17 patients were found to
have active arterial extravasation on angiography, and they were
managed with proximal (main) splenic artery embolization with
coils, with successful control of hemorrhage in all patients. The
overall splenic salvage rate of those in whom nonoperative man-
agement was attempted was 35/36 patients (97%).29 This study
established a role for transcatheter splenic artery embolization in
the nonoperative management of blunt splenic injury. 

Splenic artery embolization (SAE) is performed as an emergent
interventional procedure in the early hospitalization phase, often
within the first hour or two following presentation. These usually
are hemodynamically stable or transiently stable patients. Immedi-
ately after the CT is reviewed, the decision about emergent splenic
artery angiography and embolization is made, commonly because
of CT evidence of contrast extravasation, vessel injury, pseudoa-
neurysm, arteriovenous fistula, or significant hemoperitoneum (see
Figure 2). Additionally, a small percentage of nonoperative man-
agement patients who had more minor splenic injuries, without
extravasation on initial CT, continue to show evidence of bleeding,
with persistent transfusion requirement. These patients also are
candidates for embolization, even several days after presentation,
and SAE still can be performed in this time frame with good clini-
cal results. Initially, selective splenic artery angiograms are per-
formed. Abnormal angiographic findings include active extravasa-
tion; pseudoaneurysms; arteriovenous fistulas; abrupt vessel cut
off; and an abnormal “pointillism” type parenchymal appearance
(see Figure 3), which represents tiny dots and puddles of parenchy-
mal contrast extravasation in regions of splenic contusion. If any of
these features are present, there generally is indication for SAE.
Proximal main SAE typically is performed in the mid splenic
artery, usually distal to the dorsal pancreatic artery. Numerous con-
ventional and microcatheter techniques are effective, and multiple
embolic materials have been used; however, coil embolization and
Gelfoam embolization predominate. If a pseudoaneurysm or AV
(arteriovenous) fistula is found, superselective embolization may be
considered (see Figure 4 ). Following embolization, final
angiograms are performed to confirm hemostasis. A follow-up CT
scan is performed 24-48 hours post embolization.
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Table 1. Proposed New Grading System 
Incorporating Splenic Vascular Injury*

Grade Criteria

1 Subcapsular hematoma < 1 cm thick
Laceration < 1 cm parenchymal depth
Parenchymal hematoma < 1 cm diameter

2 Subcapsular hematoma 1- to 3-cm thick
Laceration 1-3 cm in parenchymal depth
Parenchymal hematoma 1-3 cm in diameter

3 Splenic capsular disruption
Subcapsular hematoma > 3 cm thick
Laceration > 3 cm in parenchymal depth
Parenchymal hematoma > 3 cm in diameter

4a Active intraparenchymal and subcapsular splenic 
bleeding

Splenic vascular injury (pseudoaneurysm or arteri-
ovenous fistula)

Shattered spleen
4b Active intraperitoneal bleeding

* Reproduced with permission from the American Journal of 
Roentgenology. Marmery H, Shanmuganathan K, Alexander MT, Mirvis 
SE. Optimization of selection for nonoperative management of blunt 
splenic injury: comparison of MDCT grading systems. AJR Am J 
Roentgenol 2007;189:1421-1427.



The rich collateral circulation of the spleen helps limit splenic
infarction, and post embolization, the spleen is still functional
reticuloendothelial system tissue. Hagiwara et al30 studied 31
patients with blunt splenic injury: 3 who required emergent sur-
gery, 13 who required bed rest alone, and 15 who were undergo-
ing transcatheter arterial embolization. Nonoperative management
of patients with blunt splenic injury employing transcatheter arte-
rial embolization was successful in 93% of patients, and splenic
function, as determined by technetium sulfur-colloid examina-
tions, was preserved in all patients after embolization. The authors
encouraged more extensive use of transcatheter embolization and
the management of splenic injury without surgery.30 In a subse-
quent article in 2005, Hagiwara et al31 reported positive results of
transcatheter SAE in hemodynamically unstable patients in whom
there had been an initial transient response to fluid resuscitation.
All 15 patients had extravasation at angiography, and all were
embolized (several patients had additional non-splenic injuries
requiring further embolization; i.e., pelvic fractures, renal injury,
liver injury). All patients survived without operative intervention
and all had functional splenic tissue on follow-up scintigraphy.
These positive reports on SAE, even extending to the initially
unstable patient, spurred considerable controversy among trauma
physicians; some of whom believed the pendulum on splenic

preservation had swung too far with nonoperative and angio-
graphic embolization-assisted management. 

Critical reviews of nonoperative management of blunt splenic
trauma began to focus on failures of nonoperative management,
and challenged the apparent major positive impact of SAE.
Cooney et al32 reported on the selective use of SAE over a four-
year period in which 194 adults with splenic injuries were treat-
ed, 48 of whom went to surgery for splenectomy or splenorrha-
phy. Nonoperative management with bed rest was used in 137
patients, 11 of whom (8%) failed. SAE was employed in only 9
patients, and 3 of the 9 embolization patients failed, requiring
subsequent splenectomy (one for bleeding, and two for infarc-
tion), for a failure rate of 33%. They concluded that SAE was
useful in only 5% of their patients, “saving” 6 spleens with high-
grade injuries, but that it had a 33% failure rate. Failures of non-
operative management were most commonly caused by errors in
judgment and selection, frequently from failure to recognize
“high-risk” injury patterns on CT and from attempting nonopera-
tive management in anticoagulated or coagulopathic patients.
The causes and consequences of failure of nonoperative manage-
ment of splenic injuries were further discussed in a retrospective
descriptive study by McIntyre et al in 200533 involving 2243
patients identified in a statewide trauma registry with blunt
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Figures 2a-2d. Grade 3 Splenic Injury with Pseudoaneurysm

Figure 2a.
MVA patient
with grade 3
splenic injury,
with abnormal
intrasplenic
contrast
extravasation
suggesting
contained
vessel rupture
or pseudoa-
neurysm.

Figure 2b. Selec-
tive splenic artery
angiogram, arte-
rial phase,
demonstrates a 2
centimeter, bilob-
ular pseudoa-
neurysm with
extravasation in
the periphery of
the spleen.

Figure 2c.
Splenic artery
angiogram fol-
lowing coil
embolization of
the distal main
splenic artery
shows cessation
of primary arteri-
al flow to the
spleen.

Figure 2d. CT
scan 4 days fol-
lowing splenic
embolization
demonstrates res-
olution of the
psuedoaneurysm,
and no extravasa-
tion, with the
resolving contu-
sion and a compo-
nent of minor
splenic infarction
in the embolized
segment.



splenic trauma over a 6-year period. Of the 2243 patients, 610
(27%) required immediate splenectomy, splenorrhaphy, or
splenic embolization. Of the remaining 1633 patients admitted
for nonoperative management, 252 (15%) failed. Among the
injury and patient characteristics reviewed, age > 55, ISS > 25,
and admission to Level III or IV trauma centers (compared to
Level I centers) were associated with significant risk of failure of
nonoperative management. Smith et al,34 in a 2006 paper entitled
“Splenic artery embolization: Have we gone too far?” reported
results of 221 patients over a four-year period at a Level I trauma
center. At this center, 165 (75%) of the patients were selected for
nonoperative management, 41 of whom (25%) underwent SAE.
The failure rate for splenic embolization was 27%, and among
high AAST grade splenic injuries (grades 3, 4, and 5) and
patients with moderate or large hemoperitoneum, the failure rate
with embolization was 43%. The failure rate among splenic
embolization patients with observed angiographic extravasation
was 59%, and the failure rate in embolization patients with tran-
sient hypotension was 57%. They concluded that any hypoten-
sion probably warrants laparotomy, and that the combination of
high grade injury, significant hemoperitoneum, and extravasation
on angiogram predict a high risk of failure. They also noted that
there should be a low threshold for splenectomy if bleeding per-
sists.34 Two other critical studies found no difference in mortality,
no difference in adjusted cost, and no difference in the nonopera-
tive management success rate with or without embolization.35,36

Numerous studies supportive of SAE in the nonoperative man-
agement of blunt splenic trauma continued to show high splenic
salvage rates in the 80-90% range, even among high AAST grade
splenic injury patients.37-39 The secondary splenectomy rate is
lower in nonoperatively managed patients after successful angio-
graphic embolization,39 though it has been recognized that patients
with an arteriovenous fistula have a higher failure rate, even after
apparent successful embolization.38 A recent Norwegian study40

reported the results of a prospective study with two groups: group
1 with routine operative and nonoperative management methods;
and group 2 employing a splenic injury algorithm with mandatory
angiographic embolization of all grades 3, 4, and 5 injuries, and all
patients with signs of ongoing bleeding regardless of injury grade.
In group 1, 43% of patients underwent emergent laparotomy, and
the splenic salvage rate of the nonoperative management group
was 79%. In group 2, with SAE, there was a 27% emergent
laparotomy rate, a 4% failure rate for embolization, and a nonoper-
ative management splenic salvage rate of 93%. They concluded
that SAE increases the percentage of patients in whom nonopera-
tive management was attempted, increased the nonoperative man-
agement success rate, and increased the splenic salvage rate.40

CT scans performed in follow-up of nonoperative management
splenic trauma patients reveal a combination of organization and
resolution of parenchymal injuries, as well as parenchymal, sub-
capsular, and intraperitoneal hemorrhages. Killeen et al41

described the CT scan findings following SAE in 80 patients, and
found splenic infarctions occurred in 63% of patients following
proximal embolization and in 100% of patients following distal
embolization. Distal embolizations were associated with larger

infarcts in the embolized segment, whereas infarcts after proximal
embolization tended to be smaller and more peripheral. Another
important observation was the presence of gas bubbles within an
infarct or subcapsular fluid collection, which clearly can be seen
related to the use of Gelfoam as an embolization agent (see Fig-
ure 5). However, it is virtually impossible on an imaging basis to
differentiate this from an abscess complicating a region of splenic
injury or infarction. In Killeen’s study,41 seven patients developed
gas collections, four of whom resolved uneventfully, two of which
were drained percutaneously and found to be sterile, and of which
one was found to be an abscess at laparotomy. The presence of an
air-fluid level in a subcapsular collection, or associated with free
intraperitoneal air, is more suggestive of abscess formation. Com-
plications arising from SAE after blunt splenic trauma are com-
mon, and as some institutions have expanded the use of SAE, it
becomes more important to understand the full spectrum of
potential complications from the embolization procedure. Ekeh et
al42 described major complications of splenic bleeding, splenic
infarction, splenic abscess, and contrast-induced renal failure in 4
of 15 (27%) patients undergoing embolization. Minor complica-
tions of fever, pleural effusion, and uneventful, non-target coil
migration occurred in 8 of 15 (53%) of the embolization patients.
They still concluded that although major and minor complications
of SAE occur frequently, it is still a safe and effective adjunct in
the nonoperative management of splenic trauma. 

Operative Splenic Salvage and Splenectomy
As we have previously mentioned, the management of splenic

injury has evolved from routine splenectomy to surgical salvage
techniques to nonoperative treatment with the aid of SAE in select
cases. The catalyst for this change was the recognition of the risk
of overwhelming post-splenectomy sepsis, first studied in chil-
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Figure 3. Selective Splenic Angiogram in
Patient with Extensive Contusion/Laceration

Selective splenic angiogram in patient with extensive splenic con-
tusion / laceration demonstrates the abnormal “pointillism” type
parenchymal appearance.



dren2 and then in adults.3 While the overall incidence of fulminant
sepsis in otherwise healthy splenectomized adults is low,43-45 it is
generally preferable to avoid this potentially fatal complication
through measures taken to salvage splenic function. However, it
must be remembered that certain circumstances, such as uncon-
trollable hemorrhage, continue to necessitate splenectomy. Thus,
whether through splenorrhaphy, partial splenic resection, or
splenectomy, operative management of splenic injury remains an
important component of care of the injured spleen.

Methods of operative splenic salvage, namely splenorrhaphy
and partial splenic resection, are invaluable aids in the preserva-
tion of splenic function when possible. Usage of these proce-
dures has declined over the years due to the popularity of nonop-
erative management.8,46 Yet, in the patient who does not qualify
for nonoperative management based on the aforementioned
guidelines, operative splenic salvage may still be an option. In
1985, Feliciano et al47 concluded that splenorrhaphy could safely
be performed in patients with few concomitant intraabdominal

injuries and low-grade splenic injury (grades 1, 2, and 3 with
success rates of 61.5% to 88.5%). They further discovered that
the risk of rebleeding in patients who underwent splenorrhaphy
was extremely low. Subsequent literature has suggested that par-
tial splenic resection is most useful for grade 4 splenic injuries or
for severe injury located at either splenic pole, and should only
be performed if at least one-third of the spleen can be saved.13 As
a result, the decision to enact operative splenic salvage should be
made based on classification of the severity of splenic injury, the
overall hemodynamic stability of the patient, and the presence of
associated abdominal injuries.

Despite the success rates of operative splenic salvage in select
cases47 and the ensuing avoidance of overwhelming post-splenec-
tomy sepsis, there remain clear-cut indications for splenectomy.8

Massive injury to the spleen, complex multi-system injury,
hemodynamic instability, and failure of strategies for splenic sal-
vage prompting laparotomy continue to occur, mandating
removal of the spleen as good surgical practice. Consideration of
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Figures 4a-4d. Splenic Contusion/Laceration with Pseudoaneurysm and AV Fistula

Figure 4a. CT scan of 38-year-old patient with grade 2
splenic injury; a 2 cm deep splenic contusion/laceration in
the anterior spleen, with mildly abnormal contrast enhance-
ment, no extravasation, no significant intraperitoneal hemor-
rhage, and a left sided hemothorax in the posterior
costophrenic sulcus.

Figure 4b. Patient developed a chronic nonunion of one of
the rib fractures, which was still painful, and presented for
evaluation of persistent left sided pain approximately 2
months following the initial accident. An abdominal CT scan
demonstrates the development of a contained splenic
pseudoaneurysm with arteriovenous fistula.

Figure 4c. Splenic angiogram, arterial phase, demonstrating
the pseudoaneurysm. There is a single dilated arterial pedi-
cle supplying the pseudoaneurysm.

Figure 4d. Splenic angiogram, late arterial phase, demon-
strating the arteriovenous fistula component, with the dilated,
serpeginous draining vein. The angioarchitecture is fairly sim-
ple, with a single arterial pedicle and single draining vein.



splenectomy should occur in the presence of more than 1000 mL
of hemoperitoneum, continuously decreasing hemoglobin levels,
hemodynamic instability, or the need for more than 2 units of
transfused blood.48 Attempts to salvage the spleen during laparo-
tomy should be abandoned if these methods fail to attain hemo-
dynamic stability or severe splenic injury or associated abdomi-
nal injuries are identified. 

As part of a comprehensive approach to the management of
splenic injury, a strategy exists for the management of patients
who must undergo splenectomy. This involves documentation
(alert identification) of the asplenic state, vaccination for encap-
sulated organisms (Neisseria meningitidis, Haemophilus influen-
zae, and Streptococcus pneumoniae); antibiotic prophylaxis
availability; and documentation to family, friends, and primary
care providers of the risk for post-splenectomy sepsis. Further-
more, white blood cell counts in the postoperative period may be
useful in early recognition of an infection. This was determined
by Horowitz et al,51 who found that white blood cell levels were
consistently greater than 16 and began to rise on postoperative
day 4 in infected patients, 2 days later than the peak of physio-
logic leukocytosis. It also has been suggested that thrombotic
complications may be prevented with low-dose aspirin
regimens.49 Thus, through a comprehensive and scrupulous post-
splenectomy protocol, serious complications may be avoided.  

Finally, despite the advances in nonoperative and operative
splenic management, variability in the success rates of splenic sal-
vage and the routine practice of splenectomy have been report-
ed.26 Despite the widespread popularity of guidelines to follow,
there are no recommendations for improving rates of splenic sal-
vage in situations in which the rate is below published studies. At
our institution, we hypothesized that by using statistical process
control (SPC), we could achieve a splenic salvage rate of greater
than 80%. First, data collected on the incidence of splenectomy in

one year served as our benchmark (45%). Following intensive
education regarding the concept of splenic salvage, current
splenic salvage rates were displayed at monthly performance
improvement meetings attended by trauma surgeons and other
specialists, such as radiologists. The meetings also served to allow
for evaluation of every instance of splenic injury and manage-
ment. At the conclusion of our three-year period, rates of success-
ful splenic salvage had risen from 45% to 92%. Thus, we submit
that SPC using control chart data display and intensive education,
coupled with critical incident review of each instance of splenec-
tomy, may result in an improvement in the overall splenic salvage
rate and lead to improved care for trauma patients. 

The advances in nonoperative management of the traumatical-
ly injured spleen should not negate the importance of operative
methods of splenic salvage and splenectomy in select cases. Post-
splenectomy complications of overwhelming sepsis and throm-
botic pathology underscore the need to attempt splenic salvage
unless faced with uncontrollable hemodynamic instability, severe
splenic injury, or severe associated intraabdominal pathology. The
principles of post-splenectomy care demand a cooperative effort
between the trauma surgeon, primary care provider, and patient to
ensure that proper practices are followed to minimize the risk of
complications. Additionally, we recommend that each trauma
center should undertake a process of performance improvement
utilizing statistics, education, and peer review meetings to achieve
levels of splenic salvage that will benefit their patients.

Summary
Our understanding of the physiologic role of the spleen has

grown since the first documented splenectomy due to traumatic
injury in 1590.52 Its function as a member of the reticuloendothe-
lial system and the immune deficiency and thrombotic complica-
tions that have arisen in asplenic patients have caused the med-
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Figures 4e-4f. Selective Coil Embolization

Figure 4e. Selective coil embolization of the arterial pedicle
supplying the pseudoaneurysm and arteriovenous fistula.

Figure 4f. CT scan of the abdomen 2 years following the
ATV accident demonstrates no evidence of residual
pseudoaneurysm or arteriovenous fistula, patent flow in the
main splenic artery, and homogeneous enhancement of the
splenic parenchyma. There is a focal cortical scar in the
area of splenic injury and embolization.



ical community to reassess the performance of routine splenecto-
my following injury. Splenic injury scoring recommendations,
along with imaging techniques, such as abdominal CT scanning
and selective angiographic embolization, have enabled healthcare
providers to not only recognize various nuances of splenic injury
better, but also to successfully apply operative and nonoperative
methods aimed toward preserving splenic function.

The recommendations made in this review reflect the ongoing
efforts of medical research to develop techniques to ensure a
more favorable outcome in patients who are victims of splenic
trauma. Progress in the management of these patients has been
achieved through the work of practitioners from various fields,
and reflects the maxim that trauma patients require the efforts of
an array of healthcare providers, beginning in the field and con-
tinuing through their care following discharge, to attain the best
possible outcome. It is anticipated that present and future studies
will continue to enlighten healthcare providers regarding appro-
priate management of patients with splenic injury. 
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Figure 5. CT Scan of Gelfoam Embolization

Figure 5. CT scan one day following Gelfoam embolization of
the same patient as in Figure 1, demonstrates resolution of the
active extravasation and multiple small air bubbles in the
spleen due to the Gelfoam material. This appearance is not
indicative of an abscess, and this patient had an uneventful
recovery with successful splenic salvage.
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CNE/CME Questions 
1. Which of the following statements regarding the management of a

patient with a possible abdominal injury is correct?
A. They should be taken for immediate exploratory laparotomy

even if they are stable due to the potentially disastrous outcomes
following a missed diagnosis of a splenic rupture.

B. Patients with stable vital signs and a nonspecific abdominal
examination on presentation should be released with specific
instructions to follow-up with a primary care physician.

C. A chest x-ray is adequate in patients with suspected rib fractures,
as thoracic injuries do not increase the likelihood of associated
abdominal injuries.

D. Stable patients with a high possibility of abdominal injury
should undergo repeated abdominal exams and appropriate
imaging studies due to the high incidence of patients with hemo-
peritoneum who had benign initial examinations.

2. Which of the following statements is correct regarding the impor-
tance of hemodynamic stability when assessing a patient with
abdominal trauma?

A. Airway patency, breathing, and circulation do not need to be
considered first because an unstable patient taken for exploratory
laparotomy will be intubated and placed on IV fluids in the
operating room.

B. A hemodynamically unstable patient with obvious abdominal
blood loss should be taken for immediate exploratory laparotomy.

C. A hemodynamically unstable patient with obvious abdominal
blood loss should be taken for an emergent abdominal CT scan.

D. The hemodynamic stability of a patient with abdominal trauma
does not factor into the decision-making process regarding the
diagnosis and management of injury.
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CNE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a letter of credit. When your evaluation is received, a
letter of credit will be mailed to you.

CNE/CME Objectives
Upon completing this program, the participants will be able to:
a.) discuss conditions that should increase suspicion for 

traumatic injuries;
b.) describe the various modalities used to identify different 

traumatic conditions;
c.) cite methods of quickly stabilizing and managing patients;

and
d.) identify possible complications that may occur with 

traumatic injuries.
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In Future Issues: Approaching the Patient with Shock

3. Which statement regarding splenic injury is correct?
A. Consideration of possible splenic injury should only occur when

a patient presents with obvious left upper quadrant abdominal
trauma.

B. Patients with splenic injury often experience long-term sequelae
of the inability to become angry and lack of imagination, due to
the loss of splenic function and its role in achieving various
emotional states.

C. Nonoperative management, surgical salvage techniques, and
splenectomy are utilized to balance the importance of splenic
preservation with the need to prevent splenic hemorrhage fol-
lowing traumatic injury.

D. The spleen is rarely injured following blunt abdominal trauma.

4. Which of the following statements regarding imaging techniques in

the assessment of abdominal trauma is correct?
A. FAST is performed most often due to the need to move patients

through the emergency room quickly.
B. CT scans have the ability to detect certain abdominal injuries

which were not detected during the initial examination, and
should only be performed in patients who are hemodynamically
stable.

C. Active extravasation viewed during an abdominal CT scan
should have little bearing on the choice of management of
splenic injury.

D. A hemodynamically unstable patient with unconfirmed abdomi-
nal injury may undergo either an abdominal CT scan or a FAST
evaluation to aid in the decision regarding possible emergent
laparotomy.

5. Which of the following statements regarding guidelines for nonoper-
ative management of splenic injury is correct?

A. Patients who undergo nonoperative management should not
have associated significant injury of another abdominal organ. 

B. Patients with hemodynamic instability may be initially managed
nonoperatively with avoidance of all operative procedures due to
the risk of postoperative infection. 

C. Splenic injury scoring should not be used when deciding which
course of treatment to follow.

D. Patients greater than 50 years of age should never be managed
nonoperatively.

6. Nonoperative management of splenic injury is:
A. most successfully accomplished on an outpatient basis in young

compliant patients.
B. rarely used in adults due to the limited role of the spleen as a

person matures.
C. best carried out with the aid of weekly abdominal CT scans in

order to assure that the patient achieves complete resolution of
injury.

D. aided by SAE if a vascular blush is identified during the abdomi-
nal CT scan.

7. Operative management in patients with splenic injury:
A. has evolved and essentially obliterated the performance of

splenectomy, even in the case of uncontrollable hemorrhage.
B. includes splenorrhaphy, which should be performed in patients

with persistently declining hemoglobin levels or those requiring
more than 2 units of transfused blood.

C. should be determined based on hemodynamic stability, severity
of splenic injury and the presence of concomitant abdominal
injuries when choosing between operative salvage techniques
and splenectomy.

D. should not be performed on patients greater than 55 years of age
with a Grade 5 splenic injury, due to the decreased wound heal-
ing potential in patients with advanced age.

8. Which statement regarding postsplenectomy care is correct?
A. Patients should be vaccinated for encapsulated organisms, and

family and primary care providers should be educated regarding
the signs and risk of postsplenectomy sepsis.

B. Vaccination for encapsulated organisms is not necessary prior to
the age of 50 due to the loss of immune function which accom-
panies aging.

C. Overwhelming sepsis is the only complication that has observed
in patients who have undergone splenectomy.

D. Due to the overall low incidence of overwhelming postsplenec-
tomy sepsis, there are no routine precautions which need to be
followed.

9. Which of the following statements regarding the initial evaluation of
patients with abdominal trauma is correct?

A. Palpation of the abdomen is rarely helpful and should be avoid-
ed due to the risk of causing more trauma in a potentially precar-
ious presentation.

B. Left upper quadrant pain and dullness to percussion, left shoul-
der pain, and hypotension are possible presentations seen fol-
lowing splenic injury. 

C. Disability does not need to be assessed in these patients and sup-
plementary oxygen is usually not required.

D. The physical exam may be postponed until after an abdominal
CT scan is performed.

Answers: 1. D; 2. B; 3. C; 4. B; 5. A; 6. D; 7. C; 8. A; 9. B

Antimicrobial Resistance Management
(ARM) Program: A Solutions-Oriented

Approach for Hospitals

Audio conference presented by:
John G. Gums, PharmD, FCCP

Wednesday, Nov. 19, 2008
1:00 - 2:30 p.m. EST

Hospitals are now faced with complying with CMS’s
non-payment of certain hospital-acquired infections,

making it even more imperative to analyze 
resistance patterns and control misuse and overuse

of antibiotics. How has your facility prepared 
for this challenge?
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