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In the pasttwo decades,numerousinvestigators
have reported an increased risk of septicemiaâ€”often

lethalâ€”in children following splenectomy (1â€”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 corn
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 10â€”20 mm after i.v.
injection of 60 @Ci/kgof Tc-99m sulfur colloid.
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Twenty patients with blunt abdominal trauma were diagnosed as having
splenk rupture by Tc.99m sulfur colloid acintigraphy. Because 0/ the in
creased risk of infection in children following splenectomy, surgery was
not performed and scintigraphic followup of the injured spleens was car
ned out. Thirteen patients were scanned at least 2 mo after trauma and
the longest followup was 1 yr. Only three spleens showed â€œscintigraphic
healing.â€• 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. Scintigraphk defects can persist for long periods of time
while the patient is asymptomatic.
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$.xClinical flndings and hospital courseScan findingsandfollowupLarge

spleen with focal defect. No F/U scan. Asymptomatic.
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TABLE 1. CLINICAL AND SCINTIGRAPHIC DATA

1) J.L.
13,M

2) M.D.
10, M

3) S.K.
16, M

4) TJ.
8, M

5) J.H.
11, M

6) M.M.
7, M

7) F.C.
12, M

8) W.H.
17, M

9) D.K.
13, M

10) R.G.
4 mo, M

Hemophilia; Hct. 39 -+ 32; FactorVIII and blood
given. Hct. stabilized.

Hct. 39 â€”)35; no transfusions. Focal d.f.ct. No F/U scan. Asymptomatic.

Hct. stable; no transfusions. Band of decreased activity fills in and 3-mo scan shows
no defect. Asymptomatic.

T.shaped defect in spleen fills in by 3 me. Asymptomatic.Hct.40 -+ 34; no transfusions.

Hematuria. Hct. stable; no transfusions.IVP nor Band of decreased activity narrows but persists at 12 me.
Unchanged since 3-mo scan. Asymptomatic 6/77.

Band of decreased activity narrows but persists at 12 mo.
Unchangedsince 2 mo. Asymptomatic.

â€œSmallâ€•spleen with wedge defect becomes smaller but
residual defects persist at 11 me. Asymptomatic.

Band of decreased activity smaller but persists at 2 me.
Asymptomatlc.

Focal defect in spleen smaller at 4 me. Refused additional
scans.Asymptomatic.

Focal defect smaller at 3 wk. Lost to followup.

mal.
Hct. 36 -* 24; transfused 2 units whole blood.

Hct. 36 -4 24; transfused4 units whole blood.

Hct. 37 -4 29; transfused 2 units of whole blood.

Hct. 35 -4 31; transfused 2 units of whole blood.

Angiogram shows hepatic hematoma and it. renal
laceration. Confirmssplenic trauma. Hct. 30 -+
18; transfused 700 cc. packed cells.

Angiogram shows It. renal fracture and confirms
splenic rupture. Hct. 37 -+ 30; transfused 2
unitswhole blood.

Hct. 37 -+ 32; no transfusions.

11) P.M.
15, M

12) D.S.
6, M

13) H.P.
5, F

14) C.T.
6, M

15) D.B.
6, M

Bond of decreased activity persists at 8 me. Vague ab
dominal pains.

Round focal defect partially filled in at 7 mo. A.sympto
matic.

Small band of decreased activity persists at 31@4mo. Re
fusesother scans.Asymptomatic.

Focaldefect persistsat 5 me, but is smaller. Asymptomatic.

Von Willebrand's disease. Hct. 30 -+ 24. Trans.
fused with cryoprecipitate and whole blood.

Hct. stable; no transfusions.

Hct. stable; no transfusions. Bond of decreased activity In spleen. F/U scan at outside
hospital technicallyinadequate to assesshealing. Asymp
tomatic.

Band of decreased activity unchanged at 5 days. F/U scan
at outside hospital was inadequate. Asymptomatic.

Bond of decreased activity unchanged on scan at 5 days.
Asymptomatic.

Spleen â€œsmallâ€•in appearance and upper pole decreased
in activity. Spleen returns to normal size and configura
tion on scanby 3 ma.

Focal defect still present and only slightly smaller after
4 mo. Asymptomatic.

Focal defect unchanged at @Odays. No other F/U. Asymp
tomatic.

16) L.A.
13, F

17) M.B.
12, M

18) P.O.
1, F

19) R.D.
9, M

20) M.H.
7, M

Hematuria. Hct. 35 -+ 29; 1 unit transfused. IVP
normal.

Multiple fractures. Hematuria. Hct. stable; no
transfusions; normal IVP.

Hct. stable; no transfusionsgiven.

Hct. 36 -+ 28; no transfusionsgiven.

Hct.40 -+ 29; transfused1 unit of whole blood.

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

(Table 1). If the patient's hematocrit stabilized within
48 hr andneedfor transfusionsdidnot exceedone
third of the patient's blood volume, surgery was not
performed. The average hospital stay for these pa
tients was 10â€”14days. 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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FIG.1. PatientS.K.fellwhilerun
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.

FIG.2. PatientTJ.wasinjuredinau
tomobile accident. Initial posterior scan
(2/23) showsT.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.

FIG.3. PatientP.O.wasa baftered
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.
Patientwas readmitted after further trauma.
Multiple views (12/29/76) showed de.
creased activity in upper pole of spleen
(arrow). Repeat study at 3 ma (4/12/77)
showsnormal distribution of activity within
spleenand 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.
1â€”3)showed scintigraphic evidence of healing by 3
mo. The remaining ten demonstrated residual scinti
graphic defects 2â€”12mo 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

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 herna
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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FIG.4. PatientF.C.fell6fttoground.
Initial scan (5/16/76) sho@s band of de.
creased activity in posterior projection
(arrow). Scan also demonstrates a very
small spleen which may be due to acute
vascularconstriction.Spleen appears to be
in two segments but LPO view 5 days
later (5/21 /76) shows a â€œwaistâ€•of func@
tioning tissue. Two months later (7/9/76)
there is more apparent functioning splenic
tissue but defect has not decreased nuch
in size. Scan 11 no after trauma (4/9/77)
shows only a small residual defect me
dially.

FIG.5. PatientD.K.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 suggestionof the defect remains.

D.K. 69 05 23

6-12-76 7-16-76 10-15-76

L. LAT

,@ ,@ p
6-22-76 7-16-76 10-15-76
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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 splenictraumahad abnormalscans
(9). In their series, there were 7.2% false positives,
but with multiple views this number can probably
be reduced. Only 2/1 36 ( 1.5% ) of patients with

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. Patienti.H.fellonstairs.Ini
tial left lateral scan(2/1/76) demonstrated
wide band of decreased activity through
spleen. Subsequentscans(2/25/76, 5/17/
76, and 2/22/77) show that band persists,
with only minor narrowing.

FIG.7. PatientM.M.washitbycar.
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
tenor 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 % ( 1 1 ) . 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, Staphiococcus 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 1gM (12).
â€œTuftsin,â€•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

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 (14â€”16) . Another potential complica
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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 ( 10â€”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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Accepted 10/10/77.

David A. Turner
Comparison of 19-Iodocholesterol and 6-Iodomethylnorchoksterol as
Adrenal Scanning Agents (Letter to the Editor). Accepted 10/10/77.

S. Kraychy and M. A. L@eper
Reply.Accepted10/10/77.

Margaret W. Couch and Clyde M. Williams

In Vivo Labeling of Red Blood Cells with Pertechnetatein Hyperthyroidism
(Letter to the Editor). Accepted 10/10/77.

Kyoichi Ueno
Reply.Accepted10/10/77.

Dan G. Pavel and A. M. zisn@er

An Optimized Collimator for Single-Photon Computed Tomography with a
Scintillation Camera (Technical Note). Accepted 10/10/77.

Louis T. Kircos, Patrick F. Leonard, and John W. Keyes, Jr.
Human Reaction to Bovine TSH (Concise Communications). Accepted
10/10/77.

G. T. Krishnamurthy
Evaluation of Left-Ventricular Function in Normal Personsand Patients
with Heart Disease.Accepted 10/10/77.

Saceda Qureshi, Henry N. Wagner, Jr., Philip 0. Alderson, Daniel F.
Housholder, Kenneth H. Douglass, Mattheus 0. Lorter, Edward L.
Nickoloff, Masatada Tanabe, and Lloyd G. Knowles

The Complementary Role of Gallium Citrate Imaging and Computed
Tomography in the Evaluation of Suspected Abdominal Infection. Ac
cepted 10/10/77.

Robert R. Shimshak, Melvyn Korobkin, Paul B. Hoffer, Robert Schor,
Thomas C. Hill, and Herbert Y. Kressel
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