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Evaluation and establishment of a canine model of delayed
splenic rupture using contrast-enhanced ultrasound
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Abstract. The aim of the present study was to establish a
canine model of delayed splenic rupture (DSR). A total of
15 mongrel dogs were anesthetized and laparotomized. The
hematomas were observed following an injection of heparin.
The hematomas were ruptured. The severity of the spleen
rupture was evaluated and the intra-abdominal free liquid
was measured. The splenic hematomas in the dogs continued
to form and the hematoma area gradually increased. The
hematomas were ruptured after impacting the abdominal wall.
The spleens were damaged, and conventional ultrasonography
showed intra-abdominal free liquid. These conditions were
demonstrated via computed tomography scanning. A DSR
canine model was established successfully.

Introduction

Delayed splenic rupture (DSR) is a rare type of splenic injury,
which was first reported by Baudet in 1902. Baudet described
the syndrome of delayed post-injury splenic rupture, in which
the patient has a latent period with few or no symptoms
immediately after the trauma, but develops evidence of intra-
abdominal hemorrhage one or more days later (1,2). DSR is a
rare but well-recognized clinical entity, which has been defined
as the late occurrence of symptoms and signs in patients
experiencing no initial hemodynamic instability or clinical
symptoms 48 h or more after injury (3). DSR contributes to
a significant mortality rate (5-15%) (1,4) compared with that
of acute splenic rupture (1%) (5,6). Thus, its rapid diagnosis is
urgently required.

The management and diagnosis of DSR is a result of
collective investigations, in which a physical examination
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used to be the first workup. Since the mid-1980s, however,
computed tomography (CT) scanning has become a mainstay
in the evaluation of intra-abdominal injury in hemodynami-
cally stable patients. The term ‘delayed splenic rupture’ used
before the CT scan era simply referred to a delayed diagnosis
of splenic injury that evolved into a rupture. Isolated reports
of trauma patients with initially normal CT scans and delayed
splenic rupture have been published since the routine use of
CT scan.

Some patients with mild symptoms and negative CT results
underwent a non-operative management and were discharged
from the hospital. However, they returned after a few days
with hypovolemic shock, and the recurring CT scan showed a
subcapsular splenic hematoma. The most important factor for
the DSR was that little attention had been paid to the delayed
development of splenic hematoma, particularly in the period
between the hospital discharge and the subsequent rupture.

Nevertheless, a CT scan is usually not the first technique
used in the diagnosis of DSR, although it has certain advantages.
Ultrasonography (US) plays an important role in assessing the
traumatized spleen, in view of its being both easily accessibile
and cost-effective, hence delivering rapid results in screening.
It has been widely used when detecting abdominal free fluid
in patients with abdominal trauma due to its high sensitivity
and availability, even though it cannot reliably determine the
exact site of the active hemorrhage (7-9). On the other hand,
CT has been proven to be efficient for trauma evaluation.
However, the patient requires exposure to X-irradiation and
needs to be removed from the emergency department (10,11).
In addition, contrast-enhanced ultrasound (CEUS) has been
improved greatly and applied widely. It shows the extent and
the size of intra-abdominal injury and active bleeding, which
has been demonstrated in various animal experiments and
clinical studies (12).

The experimental outline of the current study was inspired
by the following points: i) little attention has been paid to
the delayed development of a splenic hematoma; ii) DSR is
extremely dangerous and requires immediate medical atten-
tion; iii) the study provides a canine model with DSR for
additional investigation in the diagnosis and treatment of DSR.

The current study on canines was delineated to monitor
the formation, development and breakdown of the splenic
hematoma with the guidance of CEUS.
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Materials and methods

Animal model for hematomas of the spleen. All experiments
abided by the guidelines issued by the National Institute of
Health for the Care of Laboratory Animals and were performed
according to a protocol approved by the Animal Care and Use
Committee of our institution.

A total of 15 mongrel dogs, aged 2-3 years and weighing
18-22 kg, with a health certificate [license number: SYXK
(Beijing) 2007-0004] were used in the current study. General
anesthesia was induced via intravenous injection of 30 mg/kg
pentobarbital sodium (3%) and was maintained by intramus-
cular injection of 5 mg/kg pentobarbital sodium. Trauma was
not induced until the dogs were successfully anesthetized. The
spleen was then exteriorized from the peritoneal cavity by
a median laparotomy leaving intact the vascular pedicle. At
this point, the organ was directly inspected to rule out other
pathologies or already existing subcapsular hematomas. In
the center of the organ, a hematoma was created by pinching
both sides of the spleen (Fig. 1). The needle (16-gauge) was
inserted into the hematoma through the normal splenic tissue.
Consequently, the tissue inside the hematoma was damaged
by swinging the needle and causing a hemorrhage. Heparin
(5000 U) was injected into the hematoma through the normal
spleen tissue (Fig. 2), and was used to maintain the continuous
bleeding status in the organ. Moreover, a-cyanoacrylate (1 ml;
Guangzhou Baiyun Medical Adhesive Co., Ltd., Guangzhou,
China) was injected into the pathway to close the puncture in
the normal splenic tissue. Surgicel (Johnson & Johnson, USA)
was pressed onto the surface of the spleen to avoid possible
bleeding at the puncture point (Fig. 3), and the abdominal inci-
sion was closed in layers. Conventional US and CEUS were
performed subsequent to creating a hematoma. The location,
shape, size and sonographic appearance of the hematoma
were registered, along with the area of the hematoma. An
intravenous drip of heparin (200 U/kg/8 h, diluted by 5%
sodium chloride) was administered in order to maintain the
anticoagulation.

Animal model for delayed splenic rupture. After 72 h, the
hematoma was ruptured by impacting the abdominal wall of
the dogs using the impacting device (Fig. 4). The impacting
device consisted of a supporter, an impacting handle, a
piston handle, a power bullet and a power-actuated fastening
device (13). The impacting force was recorded by a mechanical
force transducer data recorder. After the bullet was loaded, the
power-actuated fastening device was fixed into the supporter.
The impacting handle was then inserted into the gun barrel,
aimed at the splenic region and the trigger was pulled. The force
of the bullet pushed the piston handle and the impacting handle
onto the designated target region, which was located using the
conventional sonography before impact. The impacting force
was calculated based on the weight of the dog at 0.28 kN/kg.
In the current experiment, the force was 4.8-5.6 kN (the mean,
5.3+0.3 kN).

Conventional US, CEUS and CT were performed to
observe the conditions prior and subsequent to rupturing
the hematoma, as well as the hemorrhage. Splenectomy was
performed, the spleen specimens were harvested and evalu-
ated by gross examination, after observation.
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Figure 1. Hematoma of the spleen. A hematoma was created by pinching both
sides of the spleen (white arrows).

Figure 2. Heparin was injected into the hematoma through the normal spleen
tissue (white arrow).

Figure 3. Surgicel was pressed onto the surface of the spleen to avoid possible
bleeding at the puncture point (white arrow).

US contrast agent. The US contrast agent used in the current
study was SonoVue (Bracco, Milan, Italy), a suspension of
stabilized sulfur hexafluoride (SF6) microbubbles in saline
(14-17). The bubble concentration is in the range of 1x10® to
5x10® microbubbles/ml, with 90% of microbubbles <8 ym in
diameter. Supplied as a lyophilized product in a septum-sealed
vial, the contrast agent was reconstituted by injecting 5 ml
of saline through the septum, followed by manual agitation.
Following a bolus injection, the contrast agent was circulated
into the cardiovascular system, which lasted for up to 5 min.

Equipment and examination. Conventional US and CEUS
were performed using a CX50 system (Philips Medical
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Figure 4. Construction plan of the impactor, consisting of a supporter, an
impacting handle, a piston handle, a power bullet and a power actuated fas-
tening tool. The impacting force was calculated based on the weight of the
dog at 0.28 kN/kg. In this experiment, the force was 4.8-5.6 kN (the mean
5.3 +0.3kN).

Systems, Andover, MA, USA) at 0, 24, 48 and 72 h. A L12-3
transducer with 3.0-12 MHz was also used in the current study.

CEUS employed the pulse inversion harmonic and the
energy-modulated technique at a low acoustic power (a
mechanical index of 0.07), which detects not only the non-
linear second harmonic response of microbubbles, but also
the strong non-linear fundamental component. This process
increased the signal-to-noise ratio by 15-20 dB and provided
a much stronger contrast signal. In the current study, the pulse
inversion harmonic and the energy-modulated technique were
used to observe the sonographic appearance of the hematoma.
The scan settings during the experiment (including the gain,
the scanning depth and the time gain control) were optimized
for each region independently. The focus was set on the deeper
layer of the lesion examined. Meanwhile, conventional US were
performed first, and SonoVue™ (0.025 ml/kg) was adminis-
trated with a quick bolus through the accessory cephalic vein.
Scanning began immediately after each injection, lasting for
3-5 min. Digital images were recorded as single-frame images
and multiple cine loops on the hard disk of the scanner, for
off-line analysis.

Results

Establishment of the model. Splenic hematoma was success-
fully induced on 9 dogs (60.0%), failed on 4 (26.7%), while
2 dogs (13.3%) died. Consequently, the death was anatomically
confirmed to have been caused by the bleeding after splenic
rupture. CEUS showed low perfusion in the spleen, which was
significantly reduced after 72 h for the dogs without splenic
hematoma. Thus, the 6 dogs mentioned above were removed
from the experiment. The remaining 9 dogs with splenic
hematoma were used to analyze the data.

Observation of hematomas through conventional US, CEUS
and CT. Conventional US showed a heterogeneous hypoechoic
lesion in the spleen with a poorly defined margin. No significant
change was observed after 24 h of observation. All the hema-
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Figure 5. The area of the hematoma at different time-points. The area of the
hematoma at 4 different time-points gradually increased.

toma lesions were clearly identified via CEUS after injecting
SonoVue, which showed the lesions as anechoic perfusion
defects in the arterial, portal and late phases, lasting for ~5 min.
The areas of the hematoma at 4 different time-points gradu-
ally increased (Fig. 5). The CT examination performed before
the rupture demonstrated that the volume of the spleen had
increased with a round or oval shape of a lower density (Fig. 6).

Observation on hematomas after rupture by conventional
US, CEUS and CT. Conventional US showed a slightly hyper-
echoic region, with an unclear boundary, intraperitoneal and
perisplenic fluid. CEUS showed perisplenic hemoperitoneum,
discontinued spleen capsule and large lamellar and irregular
anechoic areas in the parenchyma with a clear margin. On
the other hand, the CT examination showed the irregular and
unenhanced areas in the spleen parenchyma with discontinued
spleen capsule (Fig. 7).

Gross anatomy. Nine dogs underwent splenectomy, in which
the gross specimen revealed a splenic parenchyma hematoma
and varying degrees of rupture (Fig. 8).

None of the dogs had an adverse reaction during the CEUS
examination, nor had any complications after the splenectomy,
and all of them recovered rapidly.

Discussion

The etiology of delayed rupture is secondary to blunt trauma,
such as falls, altercations, sports injuries and motor vehicle
accidents (18). Countless theories have attempted to explain
the mechanism of DSR, including the secondary hemorrhage
and the delayed diagnosis of splenic injury (19-21). The widely
accepted mechanism involves the formation of a subcapsular
hematoma, which develops an increasing tension and eventu-
ally ruptures through the capsule, causing intraperitoneal
bleeding (22).

Aside from ultrasonography, focused assessment with
sonography for trauma (FAST) has emerged as a rapid and
efficient method for the detection of hemoperitoneum in blunt
abdominal injury patients (23). FAST has a comparable sensi-



Figure 6. Observation of hematomas by conventional US, CEUS and CT. (A)
Conventional US showed a heterogeneity hypoechoic region in the spleen
with a poorly defined margin (white arrow). (B) The hematoma lesions were
clearly identified by CEUS, which showed the lesions as anechoic perfusion
defects in the arterial, portal, and late phases, lasting approximately 5 min
(white arrow). (C) CT examination demonstrated that the volume of the
spleen increased with a round or oval shape of a lower density (white arrow).

Figure 7. Observation of hematomas after rupture by conventional US, CEUS
and CT. (A) Conventional US showed a slightly hyperechoic region, with an
unclear boundary (white arrow). (B) CEUS showed perisplenic hemoperi-
toneum, discontinued spleen capsule and the large lamellar and irregular
anechoic areas in the parenchyma with a clear margin (white arrow). (C)
CT examination showed the irregular and unenhanced areas in the spleen
parenchyma with discontinued spleen capsule (white arrow).

tivity and specificity for the detection of abdominal free fluid in
patients with abdominal trauma due to its high sensitivity and
availability (7,8,24). However, in a previous study, conventional
US detected only splenomegaly and irregular splenic border.
Conventional US showed an irregular splenic border, discon-
tinuity of the splenic capsule, perisplenic and intraperitoneal
fluid after the hematoma was ruptured. However, in a 24-h
observation interval, conventional US could not reliably deter-
mine the site of the hemorrhage, nor the active hemorrhage (9).
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Figure 8. Gross specimen revealing splenic parenchyma hematoma and dif-
ferent degrees of rupture (white arrows).

Since the mid-1980s, CT scan has become a mainstay in
the evaluation of intra-abdominal injury in hemodynami-
cally stable patients, and has been proven to be efficient for
trauma evaluation (10). The routine use of the CT scan can
provide a more accurate assessment on the range and severity
of the injury and the volume of bleeding, contributing to a
more accurate diagnosis of splenic injury. Fagelman ez al (25)
described a patient, whose post-injury CT scans were normal
but the repeated scan showed a splenic rupture caused by
the secondary injury after 48 h. In the current study, 2 of the
9 dogs (22.2%) were normal in the first detection, but showed
subcapsular hematomas and perisplenic fluid collection after
the second scanning. The reason of the false negatives may be
the included artifact or interference from surrounding tissues,
making the injury difficult to detect, or an early CT scan taken
before the subcapsular hematoma had bled enough (26).

CEUS demonstrates notable advantages in the evaluation of
intra-abdominal injuries, and is superior to conventional US in
diagnosing abdominal trauma (27-29). It also demonstrates the
injury site as a non- and/or hypo-enhanced region with a clear
extent and contrast material indicating an active hemorrhage.
In the current study, CEUS showed the splenic hematomas and
the significant development of the diameter of the hematomas
within 48 h. CEUS clearly showed the boundary and the range
of the hematomas in all the dogs (100%).

Compared with the CT scan, one of the advantages of
CEUS is its rapid diagnosis of the hematoma lesions. In the
past, patients usually needed to be transferred to the CT scan-
ning room for examination and diagnosis. However, CEUS only
needs 8-10 min to observe the injury, determine the grade and
make appropriate triage decisions, whereas no investigations
have accurately described the grade of the trauma when using
conventional US. Another advantage of CEUS is its being free
of radiation. In the current study, the dogs required over 4-fold
the exposure time to the imaging detecter. However, 4-fold the
exposure time to CEUS showed no adverse reactions, whereas
4-fold the exposure time to the radiation of the CT scan cannot
be tolerated.

The animal model used in the current study has the
following advantages: i) the modeling process was simple; ii)
the splenic hematomas of the dogs had a long duration, with
a stable status and strong comparability before and after the
experiment was observed; iii) it can be used to verify the
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formation process of the DSR and the treatment of an experi-
ment research in future trials.

The current experimental study has several limitations:
i) it needs to be verified with a larger sample size, in order
to obtain a more uniform number of dogs and splenic hema-
tomas; ii) dogs have a strong hemostatic ability, which differs
from splenic ruptures that commonly occur in humans.

In conclusion, the animal model of DSR is easy to fabricate,
reliable for operation and can be evaluated using CEUS, which
is more sensitive than conventional US and the CT scan. The
DSR animal model has some similarities with actual clinical
patients and may play an important role in clinical research, in
view of being safe and effective.
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