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Abstract

Purpose To evaluate the changes in splenic volume dur-
ing hypovolemic shock and after recovery by use of multi-
detector computed tomography (MDCT).

Materials and methods We investigated 22 cases who
underwent MDCT during hypovolemic shock up to 3 h
after presentation, compared the splenic volume with that
after recovery, and evaluated the volume difference. We
compared the volume ratio (recovery/shock) for two age
groups: under 60 years (n = 10) and 60 years and over
(n = 12). For cases (n = 10) undergoing CT examination
twice after treatment, we compared the volume ratios by
using the initial recovery CT and the second CT images.
Results The average spleen volume in shock was 63 cm’;
under normal conditions it was 132 cm® (P < 0.001). The
average volume ratio for groups under 60 years old was
2.34; for groups 60 years and over it was 2.05 (P = 0.051).
The average volume ratio obtained by use of the initial
post-recovery CT was 2.11; the ratio obtained by use of the
second post-recovery CT was 2.16 (P = 0.386).
Conclusions Our results revealed that splenic volume was
reduced during hypovolemic shock and rapidly increased
after recovery. Splenic contraction is an important CT find-
ing in shock.
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Introduction

The spleen has many functions; these include storing iron
and viable blood cells, although these two functions of
the human spleen are not well developed [1]. The human
spleen can contract in size, and splenic volume reduction
is associated with elevation of sympathetic nervous sys-
tem activity [1-9]. Although it is not known from com-
puted tomography (CT) whether splenic volume is reduced
among shock patients, a small number of papers have
addressed splenic volume change in CT in general [2, 3].
We hypothesized that the volume reduction in shock is a
result of sympathicotonia, and that the volume recovers
rapidly after shock recovery. If this hypothesis is true, we
can suspect shock in cases with a small spleen. The main
purpose of this study was to evaluate the change in spleen
volume during hypovolemic shock by using multidetector
computed tomography (MDCT).

Materials and methods
Case selection

The institutional review board of our hospital approved
this retrospective study, and the need for informed consent
was waived. Our diagnostic criteria for shock included
obtundation, heart rate >100 bpm, respiratory rate >22,
hypotension (systolic blood pressure <90 mmHg) or a
30 mmHg fall from baseline blood pressure, and urine
output <0.5 mL/kg/h [10]. We reviewed the electronic
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medical records of all patients who were clinically diag-
nosed with shock (n = 112) at our hospital during the
3-year period between January 2009 and December 2011.
We selected 27 patients presenting with hypovolemic
shock who matched our diagnostic criteria of shock up to
3 h before CT scan, who also underwent repeat CT after
recovery. Patients who had splenic injury on CT (n = 5)
were excluded. A final total of 22 patients (11 men and
11 women; age range, 16-88 years, mean, 62 years) were
included in the study. Also, for cases (n = 10) undergoing
CT examination twice after treatment, we compared the
volume ratios using both the initial recovery CT and the
second CT. We did not distinguish between cases exam-
ined with or without contrast. The number of cases imaged
with and without contrast media was 21 and 1 in shock,
19 and 3 at initial post-recovery CT, and 8 and 2 at sec-
ond post-recovery CT, respectively. Etiology of hypov-
olemic shock included 7 pelvic fractures, 3 liver injuries,
3 retroperitoneal hematomas, 2 hemothoraces, 2 femoral
fractures, 1 facial bone fracture, 1 ruptured hepatocellular
carcinoma, 1 multiple abdominal organ injury, 1 bleeding
duodenal ulcer, and 1 case of multiple bone fractures. With
regard to treatment for the hypovolemic shock, all patients
were first treated with: infusion solutions then with blood
transfusion only (n = 2); blood transfusion and transcathe-
ter arterial embolization (TAE) (n = 11); blood transfusion
and surgery (n = 4); blood transfusion, TAE, and surgery
(n = 4); or blood transfusion and endoscopic hemostasis
(n = 1). Shock recovery was defined as patients no longer
meeting the shock criteria for 12 h after treatment.

CT technique

All CT examinations were performed with a 64-slice
MDCT system (Somatom Definition or Somatom Sensa-
tion, Siemens Medical Solutions, Forchheim, Germany)
during end-inspiration with or without contrast medium,
with 2 mm-thick axial images reconstructed using an opti-
mum clinical reconstruction field of view, 120 kVp and
140-260 mAs. Abdominal CT images, including unen-
hanced or contrast-enhanced images, were obtained for
all cases. Post-contrast CT examinations were obtained
between 90 and 120 s after administration of 100 mL non-
ionic contrast medium (300 mg/mL) at a rate of 1-2 mL/s
by use of a power injector.

Image evaluation and statistical analysis
We measured the volume of the spleen during shock and on
the initial post-recovery CT for all 22 cases. One radiolo-

gist (TK, with 7 years of clinical experience in diagnostic
radiology) measured and compared the splenic volumes.
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Volume measurement was performed by drawing the out-
line of the spleen manually in three dimensions by use of
a workstation (Centricity AW Suite, GE Healthcare, Pis-
cataway NJ, USA), which enabled manual adjustment of
window level and window width. We compared the vol-
ume ratio (recovery/shock) for age groups under 60 years
old (n = 10) and 60 years and over (n = 12). For cases
(n = 10) undergoing CT examination twice after treat-
ment we also compared the volume ratios using both the
initial recovery CT (1-9 days after shock) and the second
CT (7 days-2 years after shock). We also investigated the
correlation between the volume ratio (recovery/shock) and
vital signs including systolic blood pressure (sBP), dias-
tolic blood pressure (dBP), and heart rate (HR). We used
the SPSS (Statistics for Windows version 18.0; IBM, Chi-
cago IL, USA) for statistical tests. The Wilcoxon signed-
rank test was used for the two statistical tests targeting the
same patients because results did not follow the normal
distribution with the Shapiro—Wilk test. The Mann—Whit-
ney U test was used to assess differences between splenic
size in the two age groups. Spearman’s rank correlation test
was used to investigate the correlation between the volume
ratio (recovery/shock) and each vital sign (sBP, dBP, HR)
because these also did not follow a normal distribution with
the Shapiro—Wilk test.

Results

CT findings during hypovolemic shock and post-recovery
are shown in Fig. 1. The average volume of the spleen was
63 cm® (range 19-223 cm®) and 132 cm? (range 23-401 cm’)
in shock and post-recovery, respectively (P < 0.001) (Fig. 2).
The average volume ratio (non-shock/shock) was 2.07
(range 1.13-3.12). The average volume ratio for patients
under 60 years old was 2.34 (range 1.78-3.02); for patients
60 years and over it was 2.05 (range 1.13-2.98) (P = 0.051)
(Fig. 3). The average volume ratio using initial post-recovery
CT was 2.11 (range 1.13-2.98); the ratio using second post-
recovery CT was 2.16 (range 1.34-2.95) (P = 0.386) (Fig. 4).
There was no significant correlation between the volume
ratio and sBP (r = 0.369, P = 0.091), the volume ratio and
dBP (r = 0.208, P = 0.352), and the volume ratio and HR
(r =0.023, P = 0.918) (Fig. 5). No patients in our study did
not recover.

Discussion
In this study, splenic volumes after recovery were signifi-

cantly larger than those measured during shock. The vol-
ume ratio ranged from more than three to slightly greater
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Fig. 1 Contrast-enhanced CT
during a hypovolemic shock
and b in post-recovery state

for 53-year-old woman with
pelvic fractures. The splenic
volume clearly changed. Three-
dimensional images obtained
by drawing the outline of the
spleen: ¢ during shock (45 cm®);
d post-recovery (134 cm?)
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Fig. 2 Graph showing comparison of the spleen volume in shock and
post-recovery states. Results for 22 patients (small circles) and mean
values (large squares) are shown

than 1.0; however, the ratio was never less than 1.0. This
indicates that during hypovolemic shock, the spleen has
the ability to contract and the amount of contraction varies
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Fig. 3 Graph showing comparison of splenic volume ratio (non-
shock/shock) for patients under 60 years old and for patients 60 years
and over. Each mean value is expressed as a dark gray circle

widely. The spleen contracted to one-third its normal size at
most. We hypothesized that splenic volume would rapidly
increase after recovery from shock, and then would remain
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Fig. 4 Graph showing comparison of the spleen volume ratio (non-
shock/shock) obtained from initial and second post-recovery CT
images. Results for 10 patients (small circles) and mean values (large
squares) are shown

stable. There was no significant difference between age
groups, nor was there a significant correlation between the
degree of contraction and each vital sign.

The size and weight of the spleen varies with age and
sex. In the adult it is usually 12 cm long, 7 cm broad, and
3-4 cm wide [11]. The spleen is composed of a support-
ing connective tissue framework and a parenchyma made
up of red and white pulp. The red pulp contains terminal
branches of the central arteries, splenic sinuses, splenic
cords separating the sinuses, and pulp veins, all supported
by a meshwork of reticular cells and fibers.

The spleen has many functions including formation
of antibodies, lymphocytes, and monocytes, filtration,

phagocytosis and destruction of red blood cells, and
storage of iron and viable blood cells. In general, the
storage function is not well developed in the human
spleen because it contains only 200-250 ml of blood on
average [1].

The first reported case of splenic emptying occurred in
1852, when Henle electrically stimulated the splenic nerve
of a decapitated human, both in situ and after removal. He
observed that the spleen which was originally pale and
wrinkled became darker and smoother after removal from
the body. This, he suggested, showed the spleen had con-
tracted [2]. Observations of human splenic volume reduc-
tion have been recorded more recently [3-7]. A compre-
hensive series of in-vitro studies found that stimulation of
the postganglionic sympathetic nerves to the human spleen
evoked reductions in spleen volume [2]. All research on
splenic volume reduction has been associated with sym-
pathetic nervous system activity [1]. In these studies, the
volume changes of the spleen were demonstrated by use of
ultrasound [5], magnetic resonance imaging [6], or nuclear
medicine [1]. Other studies used spleens obtained by sur-
gery [2] or autopsy [4].

Low attenuation values for the spleen in hypovolemic
shock are related to severe hypoperfusion on CT [12].
Splenic arterial flow has no autoregulatory mechanism
and is very sensitive to sympathetic stimulation, and thus
vasoconstriction [12, 13]. However, splenic volume change
associated with shock was observed in our study. The vol-
ume of the spleen decreases because blood in the spleen
flows out in response to sympathetic stimulation in the
shock state. Although a small number of papers addressed
the splenic volume change on CT [2, 3], none has followed
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Fig. 5 Graph showing the correlation between splenic volume ratio (non-shock/shock) and each vital sign (sBP, dBP, HR). Results for 22

patients are plotted on each graph
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the course of the splenic volume after recovery. As far as
we are aware, ours is the first report using MDCT and thin
slice reconstruction to examine splenic volume change.

With regard to the clinical benefit of this study, first, we
can suspect shock in cases with a small spleen. To diagnose
a small spleen, it is most important and reliable to compare
splenic volume on CT with previous CT images, if avail-
able. Splenic volume differs with age and sex, and there are
also individual differences; therefore, without previous CT
data, it is difficult to confirm small splenic volume. Second,
we can avoid misdiagnosing splenomegaly in cases with a
larger spleen than in previous CT images by recognizing
that splenic volume can change.

This study has some limitations. First, our study involved
only patients in hypovolemic shock. If our hypothesis is
correct, the spleen may also contract in other shock states,
for example cardiogenic or distributive shock. Other shock
etiology also cause sympathicotonia, and further investiga-
tion is needed. Second, when the patients underwent their
first CT, the shock may have improved to some extent as
a result of emergency treatment. In general, during shock,
emergency treatment takes precedence over CT imaging.
Spleen volumes may have been increasing from a nadir if
fluid resuscitation was initiated before CT imaging; this has
been verified in animal studies [14]. Third, this study pre-
sented no pathological evidence, although pathology may
not be absolutely necessary when following the radiologi-
cal change. Finally, the timing of the examinations in shock
and in recovery varied. This may be a reason for the range
in volume measurements and no significant correlation
between the degree of contraction and each vital sign.

In conclusion, our MDCT results revealed that splenic
volume was reduced in hypovolemic shock and rapidly
increased after recovery from shock. We believe that con-
traction of the spleen is an important CT finding in shock.
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