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Twenty patients with blunt abdominal trauma were diagnosed as having
splenic rupture by Tc-99m sulfur colloid scintigraphy. Because of the in-
creased risk of infection in children following splenectomy, surgery was .
not performed and scintigraphic followup of the injured spleens was car-
ried out. Thirteen patients were scanned at least 2 mo after trauma and
the longest followup was 1 yr. Only three spleens showed “scintigraphic
healing.” The remaining ten showed smaller defects, but in two patients
the size of the defect did not change after the 2-mo scan. In no case did the
scan defect enlarge. Technetium-99m sulfur colloid scintigraphy offers a
convenient and sensitive method of following trauma cases if no surgery
is performed. Scintigraphic defects can persist for long periods of time

while the patient is asymptomatic.
J Nucl Med 19: 3-9, 1978

In the past two decades, numerous investigators
have reported an increased risk of septicemia—often
lethal—in children following splenectomy (1-6).
The risk is greatest in those patients in whom an
underlying disease necessitates the splenectomy, but
has also been documented in otherwise healthy pa-
tients having their spleens removed because of trauma
(5,6). These observations have prompted some physi-
cians to be wary of routine removal of a damaged
spleen. When the patient’s condition allows, over-
sewing of splenic lacerations, partial splenectomy, or
nonsurgical management may be employed (7,8).

In the clinical setting of nonsurgical management
of splenic trauma, scintigraphy with Tc-99m sulfur
colloid has proven to be a reliable and convenient
technique for diagnosing the splenic injury and docu-
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menting its anatomic evolution. We have performed
serial scintigraphy on a group of such patients, and
we present the results below.

MATERIALS AND METHODS

In the past 3 yr at Children’s Hospital Medical
Center a total of 24 patients with documented splenic
trauma were treated with methods other than com-
plete splenectomy. Four patients who received pene-
trating abdominal injuries had splenic lacerations
seen at surgery. One of these patients underwent a
partial splenectomy while the remaining three had
their splenic lacerations oversewn.

The remaining 20 cases provide the material for
this report. These patients all presented after blunt
abdominal trauma, and diagnosis of splenic injury
was accomplished by splenic scintigraphy in all cases.
Two patients went on to arteriography because of
associated injuries, and a ruptured spleen was con-
firmed in both of them. Clinical and scintigraphic
data on all 20 patients are summarized in Table 1.

All patients were imaged 10-20 min after i.v.
injection of 60 uCi/kg of Tc-99m sulfur colloid.
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TABLE 1. CLINICAL AND SCINTIGRAPHIC DATA
Case,
Age
& Sex Clinical findings and hospital course Scan findings and followup
1) JL Hemophilia; Het. 39 = 32; Factor Vill and blood Large spleen with focal defect. No F/U scan. Asymptomatic.
13, M given. Hct. stabilized.
2) M.D. Hect. 39 > 35; no transfusions. Focal defect. No F/U scan. Asymptomatic.
10, M
3) SK Hct. stable; no t fusi Band of decreased activity fills in and 3-mo scan shows
16, M no defect. Asymptomatic.
4) TJ. Hct. 40 = 34; no transfusions. T-shaped defect in spl fills in by 3 mo. Asymptomatic.
8, M
5) JH. Hematuria. Hct. stable; no transfusions. IVP nor- Band of decreased activity narrows but persists at 12 mo.
11, M mal. Unchanged since 3-mo scan. Asymptomatic 6/77.
6) MM, Hct. 36 = 24; transfused 2 units whole blood. Band of decreased activity narrows but persists at 12 mo.
7, M Unchanged since 2 mo. Asymptomatic.
7) FC. Hct. 36 = 24; transfused 4 units whole blood. “Small” spleen with wedge defect becomes smaller but
12, M residual defects persist at 11 mo. Asymptomatic.
8) WM. Het. 37 = 29; transfused 2 units of whole blood. Band of decreased activity smaller but persists at 2 mo.
17, M Asymptomatic.
9) D.XK. Hcet. 35 = 31; transfused 2 units of whole blood. Focal defect in spl. ller ot 4 mo. Refused additional
13, M scans. Asymptomatic.
10) RG. Angiogram sh hepatic hematoma and rt. renal Focal defect smaller at 3 wk. Lost to followup.
4mo, M laceration. Confirms splenic trauma. Hct. 30 =
18; transfused 700 cc. packed cells.
11) PM. Angiogram shows It. renal fracture and confirms Band of decreased activity persists ot 8 mo. Vague ab-
15, M splenic rupture. Hct. 37 = 30; transfused 2 dominal pains.
units whole blood.
12) D.S. Hct. 37 => 32; no transfusions. Round focal defect partially filled in at 7 mo. Asympto-
6, M matic.
13) H.P. VYon Willebrand's disease. Hct. 30 —> 24. Trans- Small band of decreased activity persists at 3% mo. Re-
5 F fused with cryoprecipitate and whole blood. fuses other scans. Asymptomatic.
14) C.T. Hct. stable; no transfusi Focal defect persists at 5 mo, but is smaller. Asymptomatic.
6, M
15) D.. Hct. stable; no transfusions. Band of decreased activity in spleen. F/U scan at outside
6 M hospital technically inadequate to healing. Asymp-
tomatic.
16) LA, Hematuria. Het. 35 = 29; 1 unit transfused. IVP Band of decreased activity unchanged at 5 days. F/U scan
13, F normal. at outside hospital was inadequate. Asymptomatic.
17) MB. Multiple fractures. Hematuria. Hct. stable; no Band of decreased activity unchanged on scan at 5 days.
12, M transfusions; normal VP, Asymptomatic.
18) P.G. Hct. stable; no transfusions given. Spleen “small” in appearance and upper pole decreased
1, F in activity. Spleen returns to normal size and configura-
tion on scan by 3 mo.
19) R.D. Hct. 36 = 28; no transfusions given. Focal defect still present and only slightly smaller after
9 M 4 mo. Asymptomatic.
20) M.H. Hct. 40 > 29; transfused 1 unit of whole blood. Focal defect unchanged at 10 days. No other F/U. Asymp-
7, M tomatic.

A gamma camera equipped with either a high-reso-
lution or a diverging low-energy collimator was used,
and 500,000-count images were obtained in anterior,
posterior, left and right lateral, left anterior oblique,
and left posterior oblique views. A diagnosis of
splenic injury was made if a region of decreased
activity was noted within the spleen.

After diagnosis of splenic trauma by scintigraphy,
all patients were admitted to the Surgical Service,
their vital signs closely monitored, their abdominal
girth recorded frequently, and sequential hematocrits
obtained. Transfusions were given as necessary, and
ten patients received blood during their hospital stay
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(Table 1). If the patient’s hematocrit stabilized within
48 hr and need for transfusions did not exceed one
third of the patient’s blood volume, surgery was not
performed. The average hospital stay for these pa-
tients was 10—14 days. If no other medical problems
were present, they were then discharged on limited
activity for 2 mo. Followup scintigraphy was usually
obtained before discharge and periodically there-
after.

RESULTS

Seventeen of the 20 patients received at least one
followup splenic scintigram in our department. Two
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SPLENIC RUPTURE
SK 66-63-19

FIG. 1. Patient S.K. fell while run-
ning. Initial LAO scan (4/25) demonstrates
oblique band of decreased activity in
lower part of spleen. Six days later
(5/1), this band was less evident. Three
months after original trauma (7/30) the
spleen is intact. Other views confirmed
this. There has been some loss of splenic
volume.

SPLENIC RUPTURE
T.J. 66-70-21

FIG. 2. patient T.J. was injured in au-
tomobile accident. Initial posterior scan
(2/23) shows T-shaped area of decreased
activity. Repeat scan after 3 days (2/26)
shows little change. Scan at 3 mo (5/27)
shows no residual defects.

P.G.

87-70-52

o, P.

12-10-76

FIG. 3. Patient P.G. was a battered
child. Initially ANT and LAO scans (12/
10/76) were suspicious for an area of
decreased activity in left lobe of liver
(arrow), but spleen was thought normal.
Patient was readmitted after further trauma.
Multiple views (12/29/76) showed de-
creased activity in upper pole of spleen
(arrow). Repeat study ot 3 mo (4/12/77)
shows normal distribution of activity within
spleen and liver.

patients (L.A., D.B.) had inadequate scintigrams at
an outside hospital. Thirteen patients had scintigrams
2 mo or more after the injury. Of these, three (Figs.
1-3) showed scintigraphic evidence of healing by 3
mo. The remaining ten demonstrated residual scinti-
graphic defects 2-12 mo after trauma. All but one
patient were reached for clinical followup and of
these only one (P.M.) complained of any symptoms
referable to the abdomen. He complained of infre-
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quent short-lived episodes of abdominal pain that
were not localized to the left upper quadrant. The
remaining nineteen patients and their physicians re-
ported no abnormal physical signs or symptoms.

In no case did the initial splenic defect enlarge on
subsequent spleen scan to suggest an enlarging hema-
toma or the formation of a traumatic cyst. Of the
ten cases in which defects persisted, eight showed
gradual decrease in size of the defect (Figs. 4 and 5)
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SPLENIC RUPTURE
F.C. 57-36-10

DK. 69 05 23

*

while two patients (M.M., J.H.) showed a stable
scintigraphic defect over an extended followup (Figs.
6 and 7).

DISCUSSION

At our institution, the primary means for diag-
nosing splenic trauma are the clinical examination
and the Tc-99m sulfur colloid spleen scintiphoto.
The specificity and sensitivity of gamma imaging for
detection of splenic trauma has been adequately
documented (9,10). In a large combined series,
Gilday and Alderson found that 134 of 136 patients
(98.5% ) with splenic trauma had abnormal scans
(9). In their series, there were 7.2% false positives,
but with multiple views this number can probably
be reduced. Only 2/136 (1.5%) of patients with

6

FIG. 4. Patient F.C. fell 6 ft to ground.
Initial scan (5/16/76) shows band of de-
creased activity in posterior projection
(arrow). Scan also demonstrates a very
small spleen which may be due to acute
vascular constriction. Spleen appears to be
in two segments but LPO view 5 days
later (5/21/76) shows a “waist’" of func-
tioning tissue. Two months later (7/9/76)
there is more apparent functioning splenic
tissue but defect has not decreased much
in size. Scan 11 mo after trauma (4/9/77)
shows only a small residual defect me-
dially.

FIG. 5. Patient DK. fell 12 ft to
ground. Left lateral scan (6/12/76) and
LPO (6/22/76) show large defect in in-
ferior portion of spleen. One month after
trauma (7/16/76) defect has decreased in
size. Four months post trauma (10/15/76)
only a suggestion of the defect remains.

documented splenic trauma had a normal image.
Because of this excellent correlation of an abnormal
scintigram with documented splenic trauma in our
patients, angiography was performed only to define
additional injuries.

Beginning with the report of King and Schumaker
in 1952 (1), physicians have been made aware of
the increased risk of overwhelming and lethal infec-
tions in patients without splenic tissue. This risk is
considerably greater than that in the general popu-
lation if the patient has an underlying debilitating
disease, such as thalassemia or portal hypertension,
which has led to the splenectomy; but an increased
risk above that found in the general population can
be documented in cases of trauma that have had
splenectomy (5,6). The total incidence of post-
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FIG. 6. Patient J.H. fell on stairs. Ini-
tial left lateral scan (2/1/76) demonstrated
wide band of decreased activity through
spleen. Subsequent scans (2/25/76, 5/17/
76, and 2/22/77) show that band persists,
with only minor narrowing.
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SPLENIC RUPTURE
M.M. 86-10-38

® \

4-30-76

FIG. 7. Patient M.M. was hit by car.
Initial posterior scan (4/30/76) shows ver-
tical band of decreased activity in addi-
tion to wedge-shaped defect inferiorly.
By 6/30/76, the fault is not seen on pos-
terior projection but shows well on LPO
view (middle of bottom row). On 4/20/77,
only the LPO shows defect, which has
changed little.

splenectomy mortality from sepsis is estimated to
range from 0.25% to 0.58% (5,6), whereas the
incidence of sepsis in the general population for all
ages is 0.1% (11). This hazard appears to be great-
est in children, especially under the age of 1, and
75% of the infections occur within 2 yr after opera-
tion (4). The organism most commonly associated
with the septicemia is Diplococcus pneumoniae in
about 50% of cases, and the remainder are due to
Hemophilus influenzae, Staphlococcus aureus, group
A streptococcus, and Neisseria meningitidis (12).

The exact physiologic explanation for the increased
incidence of infection is not known. The spleen com-
prises 25% of the total lymphoid mass of the body
and functions to clear the body of particulate anti-
gens. Postsplenectomy, serum opsonin levels are low
and there is defective production of IgM (12).
“Tuftsin,” a tetrapeptide that stimulates the phago-
cytic capability of neutrophils, is markedly reduced
after splenectomy (13). All these factors may be
important in patients’ reduced ability to mount a
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defense against bacterial infection after splenectomy,
but so far no consistent relationship has been found
between the levels of these substances and the oc-
currence of infections.

Whatever the spleen’s role in the body’s defense
against sepsis, the presence of a certain mass of
splenic tissue with an intact blood supply appears to
be essential for the functional integrity of the defense
system (6). Thus, more conservative approaches to
the treatment of trauma cases have been adopted,
stressing preservation of splenic tissue. Partial sple-
nectomy, oversewing of lacerations, and nonopera-
tive treatment have all been used at our hospital and
elsewhere (7,8). At our institution, if the patient’s
hematocrit can be stabilized within 48 hr, even if it
requires transfusions up to one third of the patient’s
expected blood volume, operation is not performed
unless necessitated by associated trauma.

One potential danger of not removing a damaged
spleen is believed to be delayed rupture, but this is
controversial (14-16). Another potential complica-
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tion of nonoperated splenic trauma is the develop-
ment of a splenic pseudocyst (17,18). These are non-
epithelial lined cystic structures containing bloody
material. They may present as a mass at a time when
the episode of trauma may not even be remembered.
Scintigraphy has been previously used to diagnose a
splenic pseudocyst (17,18). Ultrasonography also
has been utilized to demonstrate a splenic pseudo-
cyst (18). Splenic scintigraphy can thus play an im-
portant role not only in diagnosing splenic trauma
but also in following patients who, once diagnosed,
can be periodically evaluated for evidence (a) that
the splenic hematoma and/or laceration is resolving,
and (b) that no posttraumatic cysts are developing.

The previous experience of serially evaluating in-
jured spleens with scintigraphy is small. Lutzker et
al. reported a nonoperated case in which a defect
had filled in by 2 mo posttrauma (19). Mishalany
reported a case of splenic laceration that was over-
sewn at surgery. A band of decreased activity was
noted on a spleen scan 9 days postoperatively, but
it had filled in on a repeat study 2 mo later (8).

Our experience has been that the majority of
lesions do not fill in scintigraphically over a 2-mo
period. Of the thirteen patients followed for longer
than 2 mo, only three showed resolution of their
scintigraphic defects. One of these (P.G.) did not
develop a focal area of decreased activity in the
spleen but rather a general decrease in activity in
the upper pole, which was a clear change from a
baseline study (Fig. 3). This pattern may reflect a
change in splenic blood flow in acute trauma. An-
other patient (F.C., Fig. 4) demonstrated a marked
decrease in peripheral spleen activity acutely; it was
reperfused in a subsequent scan, even though a de-
fect persisted in the body of the spleen.

In this study, sequential scans most frequently
showed decreasing size of defects but two cases were
exceptions. On these, the bandlike defects, after nar-
rowing initially, stabilized in size so that there was
essentially no change after 2 mo (Figs. 4, 5). It is
problematic what these bands of decreased activity
may represent. Nebesar et al. (/0) have correlated
the scintigraphic patterns of acute spleen trauma with
surgical findings. Linear defects were generally found
at the site of intrasplenic hematomas and lacerations.
The persistent defects in our cases thus most likely
represent cicatrization at the site of lacerations. Scin-
tigraphic defects that resolve are presumed to be less
extensive hematomas and infarcted splenic tissue,
and when a scar forms it does not separate function-
ing tissue so far as to be resolved as a defect. Our
study confirms that multiple views are essential for
diagnosis of trauma and are also essential in followup.
The spleen is extremely mobile and one view that
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has shown the defect previously may look normal
subsequently, even though a residual defect persists
(Fig. 7).

Splenic scintigraphy has a definite place in the
diagnosis of splenic trauma and might well be the
initial study performed. If surgery is not performed,
a scan before discharge (10-14 days) is suggested,
to determine that a defect is not enlarging. The next
scan might be performed from 2 to 3 mo after
trauma to confirm that the defects are still decreasing
in size. The mere presence of a residual defect is
probably not a reason for keeping the patient on
restricted activity, but rather this is a decision better
made on clinical grounds. Continued scintigraphic
followup is probably optional if no clinical complica-
tion arises. It should be mandatory if pain develops
or a mass becomes palpable in the left upper quad-
rant.
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