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Rezumat

Managementul acestui tip de traumatisme a evoluat
considerabil, mai ales odată cu apariţia radiologiei intervenţionale
(angiografie, embolizarea arterei splenice - SAE) dar şi a conceptului
de tratament non-operator (TNO), definit ca o urmarire a leziunilor,
fără a se interveni chirurgical.

Am stabilit o strategie de abordare a cazurilor
de traumatisme cu leziuni prin tratament non-operator (TNO). Am
aplicat TNO la 13 pacienţi din 50 (26%), dintre care 8 pacienţi cu
leziuni ale splinei şi 5 pacienţi cu leziuni ale ficatului. Majoritatea
leziunilor au fost de gradul II (8 cazuri), 2 cazuri s-au încadrat în
gradul I şi 3 cazuri în gradul III.

A existat un singur caz abordat TNO, la care s-a 
intervenit chirurgical la 48 de ore de la internare. La doi pacienţi
cu extravazarea de substanţă de contrast la CT şi la angiografie 
s-a efectuat angioembolizarea arterei splenice, cu bune rezultate.
CT de control s-a efectuat la o perioada ce a variat între 24 ore şi 5
zile de la internare. Perioada medie de internare a pacienţilor 
abordaţi prin TNO a fost de 6,6 zile. 

Examenul CT cu substanţa de contrast rămâne baza
iniţierii TNO, furnizând datele necesare referitoare la gradul 
leziunii hepatice sau splenice, amploarea colecţiilor hematice,
extravazarea substanţei de contrast dar reprezintă şi explorarea
imagistică esenţială în evaluarea eficienţei TNO. Angio-
embolizarea poate fi practicată cu succes în cazurile unde 

Alexandru Goganau, MD
University of Medicine and Pharmacy
of Craiova, Emergency Hospital
1st Surgery Department, Craiova
Romania
E-mail: goganau_alex@yahoo.com

Received: 11.11.2021
Accepted: 15.12.2021



690 www.revistachirurgia.ro Chirurgia, 116 (6), 2021

examenul CT şi angiografia arată extravazarea substanţei de contrast. A existat un singur caz
inclus în TNO, la care s-a intervenit pe cale laparoscopică, dar majoritatea autorilor subliniază că
acesta nu trebuie considerat un eşec al metodei.

tratament non-operator, traumatisme abdominale, radiologie interventionala

Abstract
The management of this type of trauma has evolved considerably, especially with the

introduction of interventional radiology (angiography, splenic artery embolization - SAE) but also
the concept of non-operative treatment (NOT), defined as a follow-up of injuries, without surgery. 

We have established a strategy for dealing with cases of abdominal trauma
with injuries by non-operative treatment (NOT). We applied NOT to 13 patients in 50 (26%), of
which 8 were patients with spleen injuries and 5 were patients with liver damage. Most of the
lesions were grade II (8 cases), 2 cases were grade I and 3 cases were grade III. 

There was only one case dealt by NOT, in which surgery was performed 48 hours after
admission. In two patients with extravasation of the contrast agent on CT and angiography,
angioembolization of the splenic artery was performed, with good results. Control CT was performed
at a period that varied between 24 hours and 5 days after admission. The average period of hospi-
talization of patients approached by NOT was 6,6 days. 

Contrast-enhanced CT examination remains the basis for NOT initiation, providing
the necessary data on the degree of liver or splenic lesion, the size of blood collections and 
extravasation of the contrast substance but is also the essential imaging exploration in assessing
NOT efficacy. Angioembolization can be successfully performed in cases where CT examination and
angiography show contrast extravasation. There was only one case included in the NOT, which was
operated laparoscopically, but most authors emphasize that this should not be considered a failure
of the method.

non-operative treatment, abdominal trauma, interventional radiology

Introduction

Severe abdominal injuries associate approxi-
mately 15-20% of injuries found in trauma-
tology, being associated with an increased
mortality of up to 20%. In Europe, the majority
is represented by closed abdominal injuries, the
most common cause of death in abdominal
injuries being internal hemorrhage, incrimi-
nated in over 80% of deaths. In closed 
abdominal traumas, spleen and liver lesions
are found in proportions ranging from 33-46%
according to the authors (1). In Europe, most
abdominal injuries occur in traffic accidents
(about 80%), the rest from sports accidents
(8%) or falls from height (12%) (1,2). The

mechanisms by which the lesions of the
parenchymal organs occur are varied, from
percussion (direct shock), to sudden decelera-
tion, in case of falls from height. It is believed
that at present, the management of severe
abdominal trauma can be improved in such a
way as to reduce mortality by up to 50% (1,3).
The management of this type of trauma has
evolved considerably, especially with the 
introduction of interventional radiology
(angiography, splenic artery embolization -
SAE) and also the concept of non-operative
treatment (NOT), defined as a follow-up of
injuries, without surgery . It starts from 
the scene of the accident and continues 
uninterrupted in the emergency room, in the
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Grade Hematoma Dilacerations Vascular injury Number of cases/%
I Subcapsular <10% of surface Capsular, <1 cm deep No 7/17.1
II Subcapsular, between 10% -50% of surface Parenchymal, between 1-3 No 15/36.6

Intraparenchymal, <10 cm in diameter cm deep and <10 cm long
III Subcapsular ruptured or > 50% Parenchymal, <3 cm deep Possible 12/29.3

of surface or expansive 
Parenchymal rupture 
Intraparenchymal > 10 cm or expansive

IV Laceration affecting the vessels in the hilum, Yes 4/9.8
causing a devascularization > 25%

V Broken intraparenchymal hematoma with In the splenic 1/2.4
active bleeding. Injury to segmental or pedicle
hilar vessels, leading to a complete infarction

VI Spleen avulsion 2/4.9
Note: Advances by one degree for multiple spleen injuries greater than grade III

Table 1. The degree of spleen injuries in our study, according to the AAST (American Association for the Surgery of Trauma)
classification for traumatic spleen injuries (compared to the 41 splenic injuries)

intensive care and surgical ward, the approach
being always multidisciplinary, with the 
contribution of ambulance physicians, emer-
gency medicine specialists, resuscitators, 
surgeons or interventional radiologists (1,2).

At present, it is considered that a case of
closed abdominal trauma has a surgical 
indication if hemodynamic instability persists,
despite active resuscitation measures. These
measures are quantified very clearly, having
as objectives, the obtaining of two safe venous
accesses, the measurement of O2 saturation,
the invasive measurement of the arterial 
pressure, and in case of need the oro-tracheal
probe. If the patient stabilizes hemo-
dynamically, active monitoring is continued,
permanent monitoring of diuresis, upper
digestive aspiration, electrocardiogram, hemo-
dynamic parameters, biological data and
hypothermia is countered. Imaging investiga-
tions can be continued to highlight the 
presence of a possible hemoperitoneum (1,4).

We have tried to gradually implement all
these new principles and protocols that are
required lately in abdominal traumatology, in
the Surgery Clinic I of Clinical Emergency
County Hospital of Craiova, taking into
account the limitations imposed by the 
endowment of our hospital unit. One of the
important limitations was the availability of
interventional angiography and embolization
only for 8/24 hours, as well as the small 
number of specialists to provide this type of
care on an ongoing basis. In this context, we

applied a protocol adapted to the existing 
possibilities. 

The aim of the study is to highlight the 
possible advantages obtained by applying
modern diagnostic and therapeutic methods,
as well as to improve and quantify at a higher
level adapted to the applied protocols.

Material and Method

Our study is a retrospective one, based on the
existing cases in the Surgery Clinic I in
Craiova over a period of 5 years (2016-2021).
The study included 50 cases of abdominal
trauma (blunt and penetrating) involving the
liver and/or spleen, recorded during this period,
operated or treated non-operatively (NOT). The
50 cases accounted for 47.17% of the total 106
cases of abdominal trauma recorded during
this period. There were 38 men and 12 women.
The causes of injuries involving the spleen 
and liver were: 32 traffic accidents (64%), 7
physical assaults (14%), 6 work accidents
(12%), 2 animal assaults (4%), 2 falls from a
height (4%) and a hunting accident with a
gunshot wound with hepatic involvement
(2%). The degrees of spleen and liver lesions
were quantified according to the AAST
(American Association for the Surgery of
Trauma) classifications for traumatic injuries
of the spleen and liver ( ). There
were 41 traumas with spleen injuries (82%)
and 10 cases with liver injuries (20%), with
the mention that in one case both organs were
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injured. Of the 50 abdominal injuries included
in the study 34 (68%) were associated with
other region injuries, as follows: 22 thoracic
injuries (44%), 12 head injuries (24%) and 10
cases of limbs and pelvis injuries (20%). In 12
cases (24%) other lesions of the abdominal
organs were associated: 2 cecum injuries (4%),
4 renal contusions (8%), 2 perforations of the
small intestine (4%), 2 ruptures of the colon 
(4 %), a gallbladder contusion (2%) and an 
adrenal gland contusion (2%). Hemorrhagic
shock was encountered in 9 patients (18%): a
grade V spleen rupture, 2 grade IV liver 
ruptures, 4 grade IV spleen ruptures, and 
2 spleen avulsions. Table no. 3 shows the 
classification of patients according to the
hemoglobin level at the time of admission
( ). Leukocytosis at admission (L> 11000
/ mmc) was found in 35 of the 50 cases. FAST
ultrasound was performed in 31 cases (62%);

the results are presented in . The 
contrast-enhanced CT examination was 
performed in 44 cases (88%), the results being
presented in . Blood transfusions (at
least one unit of blood) were administered to
16 patients (32%). We have established a case
management strategy including diagnostic
and/or therapeutic laparoscopy as well as non-
operative treatment (NOT), which is also the
subject of our analysis. Patients were investi-
gated by FAST ultrasound, computed tomo-
graphy, and sometimes arteriography. We
have established as indications for diagnostic

Grade Hematoma Dilacerations Vascular injury Number of cases/%
I Subcapsular <10% of surface Capsular <1 cm deep No 2/20
II Subcapsular between 10% -50% Parenchymal 1-3 cm deep and <10 cm long No 4/40

of the surface 
Intraparenchymal <10 cm in diameter

III Subcapsular ruptured or> 50% of surface Parenchymal > 3 cm deep No 2/20
or expansive 
Parenchymal ruptured 
Intraparenchymal> 10 cm or expansive

IV Parenchymal, affecting 25% -75% of a lobe  No 1/10
or 1-3 unilobar segments

V Parenchymal, involving> 75% of a lobe  Subhepatic veins,
or > 3 unilobar segments Retrohepatic vena cava 1/10

VI Hepatic avulsion 0

Note: Advances by one degree for multiple liver damage greater than grade III

Table 2. The degree of liver damage according to the AAST (American Association for the Surgery of Trauma) classification for traumatic liver
injury (relative to the 10 liver lesions).

Hemoglobin (mg/dl) Number of cases / %
<8 13/26
8-10 8/16

10-12 15/30
>12 14/28

Table 3. Hemoglobin level at admission

Lesion Haemoperitoneum Hematoma / Obvious damage Retroperitoneal
Perihepatic or perisplenic to the liver/ spleen hematoma
blood collection

Number of cases / % 9/29 10/32.3 19/61.3 1/3.2

Table 4. Lesions highlighted by FAST ultrasound

Lesion Haemoperitoneum Hematoma / Obvious damage Retroperitoneal
Perihepatic or perisplenic to the liver/ spleen hematoma
blood collection

Number of cases / % 12/27.3 9/20.5 40/90.9 1/2.1

Table 5. Lesions highlighted by contrast-enhanced CT examination

D. Cartu et al



Chirurgia, 116 (6), 2021 www.revistachirurgia.ro 693

and / or therapeutic laparoscopy: suspicion of
cavitary or parenchymal organ injury or
mesenteric injury, the presence of hemo-
peritoneum or fluid in the peritoneal cavity in
an amount of over 500 ml, in a hemodynami-
cally stable patient, without major hemorrhage,
apparently with single injury, no immediate
life-threatening risk and no other associated
severe trauma. We have  associated lately 
NOT for grade I, II and III lesions of the
parenchymal organs, which do not have a
hemo-peritoneum larger than about 500 ml
described imagistically, hemodynamically 
stable or with a rapid favorable response to 
balancing measures. The protocol has been
adapted to the possibilities of our hospital unit.

Results 

We applied NOT to 13 patients from the total
of 50 (26%), of which 8 were patients with
spleen injuries and 5 were patients with liver
injuries. Most of the lesions were grade II (8
cases), 2 cases were grade I and 3 cases were
grade III. In all patients undergoing NOT, a
contrast CT examination was performed at
admission (between 20-95 minutes after
admission) which showed ruptures and tears
of the spleen or liver in 6 cases, intra-
parenchymal or subcapsular hematomas in 7
cases, reduced hemoperitoneum (less than 500
ml). In 2 cases, the extravasation of the con-
trast substance, evidenced tomographically
and angiographically, required the distal
splenic artery embolization (SAE) to be per-
formed. FAST ultrasound was used in 9 cases
as a first-line investigation, showing 4 lesions
of parenchymal organs and 5 subcapsular
hematomas of the spleen or liver. No patient to
whom NOT was applied showed signs of
bleeding shock. A single patient, with multiple
trauma, multiple lung damage, hemopneumo-
thorax, head trauma, and a third-degree 
rupture of the spleen, had a hemoglobin value
below 8 g/dl (7.7 g/dl). The latter was also the
only unstable patient with traumatic shock
and coma due to post-traumatic brain injury,
but was still eligible for a NOT approach for
the grade III spleen rupture, given the extent

of the associated trauma. It was decided to
perform distal SAE on this patient in the first
24 hours after the trauma, which went
smoothly, in good condition. However, the
patient's death occurred on the 6th day of 
hospitalization due to complications related to
the associated trauma. In all patients included
in the NOT protocol, we performed CT tests
with contrast at intervals ranging from 24
hours to 5 days. Except for the case presented
above, we recorded a single failure of the NOT,
in a patient with grade III spleen rupture, in
which a control CT examination, with contrast
substance, performed 48 hours after admis-
sion showed the formation of a significant
hemoperitoneum, reason for which surgery
was performed, performing a laparoscopic
splenectomy and the lavage of the peritoneal
cavity. 11 patients treated by NOT showed a
favorable evolution, discharging at intervals
that varied between 5 and 10 days, with an
average of 6,6 days, with the recommendation
to return for clinical and imagistic control.
Compared to the entire study group (50
patients), we recorded 12 deaths (24%), but 3
patients with spleen and liver damage grades
V-VI died without being operated, in the 
emergency unit, due to cardiorespiratory
arrest due to hemorrhagic shock. Another 7
patients with injuries of varying degrees of
spleen and liver died from complications due to
other traumas or associated injuries (ruptures
of the colon and small intestine with fecal peri-
tonitis and severe sepsis, head trauma 
with lacerations and cerebral hematomas and
severe thoraco-pulmonary trauma with pul-
monary ruptures and hydropneumothorax).
Two patients, one with spleen avulsion and
one with hepatic wound by gunshot, died in
the first hours postoperatively because of the
hemorrhagic shock associated with other
existing severe lesions.

Discussions 

The 50 cases of trauma involving the liver and
spleen accounted for 47.17% of all abdominal
injuries recorded during the study period,
being at the upper range of the data provided
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by the literature (33-46%) (1). Traffic accidents
were the main cause, with almost two thirds of
cases, also in accordance with data from the
literature, which shows a percentage of about
80% of road accidents (1,2). Almost 80% of the
traumas were associated with traumas in
other regions, and in some cases these 
associated traumas contributed decisively to
the unfavorable evolution of the patients. In
our study, 41 patients (82%) arrived in the
emergency department without signs of 
hemorrhagic shock. However, there were 4
cases of patients who, on arrival in the 
emergency department had a very severe 
general condition, in various degrees of coma,
due to associated injuries, especially severe
head injuries with cerebral tears, bruises or
diffuse contusions. In the case of severe but
non-shock traumatic injury, rapid initial 
clinical examination should look for signs 
of circulatory, respiratory, or neurological 
distress requiring appropriate emergency
treatment. A chest X-ray and / or abdominal
ultrasound FAST is performed in parallel with
monitoring and balancing. The introduction of
at least one peripheral intravenous catheter
allows blood to be taken for laboratory testing.
Subsequently, a central venous catheter and
possibly a radial artery catheter for blood
pressure monitoring should be placed if major
blood loss is evident. The patient should be
intubated, even on assisted ventilation, if 
necessary to ensure adequate analgesia and
sedation. The prevention and / or correction of
hypothermia is fundamental and is based on
the measurement of the central temperature,
which must be maintained at 35˚C, with the
heating of all infusion fluids, ventilation gases
and even the use of electric blankets. Bladder
catheterization is performed after abdominal
ultrasound and rectal examination have ruled
out urethral trauma. Measurement of urine
flow is an essential part of resuscitation, and
measurement of intravesical pressure allows
monitoring of intra-abdominal pressure (1).
Our study shows that during the study period,
FAST ultrasound was frequently used in the
protocol applied to patients with abdominal
trauma, the results being useful in assessing

blood lesions and accumulations, but in most
cases, we continued imaging investigation in
stable or hemodynamically stabilized patients
with CT examination with contrast. However,
there were 5 situations in which FAST ultra-
sound was considered sufficient to resolve the
diagnosis and to establish the therapeutic 
conduct. In these cases, FAST ultrasound
revealed appreciable pneumoperitoneum,
which associated with the general condition
and clinical picture of the patients led to an
indication for emergency surgery. FAST
(Focused Assessment with Sonography for
Trauma) ultrasound is known to highlight the
presence of hemoperitoneum, splenic liver
lesions, but also a possible pleural effusion,
associated renal lesions or retroperitoneal 
collections. It has the great advantage that it
can be repeated as needed at the patient's 
bedside. In recent years, Extended FAST or 
E-FAST (Extended Focused Assessment with
Sonography for Trauma) has been used, which
also looks for the presence of pleural effusion
(fluid or gas). The level of evidence remains
low and further studies are needed, in 
particular to determine its impact on patients'
prognosis. A unicenter prospective study 
confirms low sensitivity (64% and 46%, respec-
tively) but good specificity (94%) (5,6). A recent
meta-analysis shows that the relevance of 
E-FAST to diagnose a thoraco-abdominal
injury is good with a sensitivity of 74% and a
specificity of 96%, and for the detection of
intra-abdominal effusion, the sensitivity is
68% and the specificity is 95% (7). A negative
FAST does not rule out a less abundant 
discharge (<500 mL) and/or the presence of
lesions of the parenchymal or cavitary organs,
some of which may have a surgical indication.
Likewise, a positive FAST does not characterize
the nature of peritoneal effusion (urine,
ascites). Although FAST makes it possible to
make appropriate treatment decisions in the
emergency department in more than 99% of
cases, no study has yet been able to demon-
strate a reduction in mortality associated with
its use (4,8,9). The PROMMT study looked at
patients who met the criteria for inclusion in
the study (transfusion of at least one blood
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unit in the first six hours) and who underwent
a laparotomy within 90 minutes after a 
positive FAST. Delays related to the inpatient-
laparotomy and FAST-laparotomy interval
were both associated with a significant
increase in mortality at 24 hours and 30 days
(4,8,9,10).

Contrast CT examination is the absolute
rule in all patients with severe trauma, no 
initial hemorrhagic shock, or hemorrhagic
shock but whose vital signs can be stabilized.
In our study, there were only 6 cases (12%) in
which no CT examination was performed. In a
case of penetrating abdominal wound with
great omentum evisceration and leakage of
intestinal contents through the wound, hemo-
dynamically balanced, the indication for 
emergency surgery was clearly outlined and
the CT examination was not considered
imperative, the splenic lesion being diagnosed
intraoperatively. Another 5 cases, which we
presented above, benefited only from FAST
ultrasound, which revealed important blood
collections, the indication for surgery being
urgent, in the first hour after admission to the
emergency department. The usual indication
for urgent laparotomy after a penetrating
abdominal trauma is hemodynamic instability
(systolic arterial pressure < 90 mmHg and/or
absent or transient response to volume 
balancing). In these patients, performing a CT
scan delays the laparotomy by 31 to 90 
minutes and could increase hospital mortality
by more than 70%, as evidenced by a retro-
spective analysis of the U.S. National Trauma
Data Bank (U.S.NTDB) (11). In hemodynamic
instability after closed abdominal trauma
associated with profuse intra-abdominal 
effusion, the time to laparotomy increases the
risk of death by 1% every 3 minutes (12).
Contrast CT provides information on the 
volume of peritoneal effusion, spleen and liver
damage, other abdominal organs and
diaphragm, identifies persistent bleeding, high-
lighted by extravasation of the contrast agent,
which may be an indication for angiography
and embolization. The decision to perform
emergency laparotomy is due to persistent
hemodynamic instability, which requires 

continuous resuscitation, especially if the
patient has certain risk factors (old age, 
cirrhosis, coagulation disorders). A review of
the literature examining the value of CT for
the diagnosis of parenchymal organ lesions
shows 98% sensitivity and 98% specificity (9).
In the context of severe abdominal trauma,
performing a contrast-enhanced CT scan can
quickly identify lesions with active bleeding
and can obtain a complete assessment of the
lesion to establish a therapeutic strategy (4,
10,13). A randomized study (REACT-2) aimed
to demonstrate a 5% reduction in mortality
when using a contrast CT scan of the whole
body. The results of the study suggested a
reduction in mortality of around 3%, the
REACT-2 study not having the ability to
demonstrate the proposed difference but still
suggests that we consider the benefits of 
mortality brought by the whole body CT 
examination (4,10).

Non-operative treatment (NOT) has seen a
steady increase in use, avoiding an invasive
surgical procedure, as well as many of the
postoperative complications of splenectomy, 
as well as the need for lifelong preventive
measures against post-splenectomy infections.
In the absence of active intra-abdominal 
hemorrhage and/or traumatic gastrointestinal
perforation, it is recommended to perform 
a NOT in order to reduce morbidity and 
mortality. NOT has gradually established
itself since the 1970s for abdominal trauma
due to the development of CT examination, a
better understanding of the mechanisms 
leading to complications and death, as well as
the emergence of interventional radiology (14).
The development of new therapeutic protocols
would now make NOT possible for more than
80% of abdominal injuries, especially in the
absence of hemorrhagic shock or suspected
digestive perforation (15). In stable patients
with closed abdominal trauma, NOT can be
considered as first-line in most cases (4). In
the presence of an active intra-abdominal
hemorrhage diagnosed tomographically, it is
recommended to consider, after a multidisci-
plinary consultation, an emergency hemostatic
angioembolization. For stable patients with
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penetrating abdominal trauma, NOT may 
be similarly considered in the absence of 
documented active bleeding or suspected
digestive and biliary, bladder or pyelocaliceal
lesions. The presence of pneumoperitoneum
suggests digestive tract damage and should
therefore be considered for exploratory 
laparotomy (4). We tried NOT in 13 patients,
selected and treated according to a protocol
presented above, which took into account both
the existing data in the literature, but also the
real possibilities of our hospital. The evolution
was favorable in 11 cases, the patients being
discharged after periods that varied between 5
days and 10 days, with an average of 6.6 days.
Except for the case of a patient with 
associated lesions, approached with NOT and
who had SAE, who died of associated lesions,
we recorded a single failure of NOT, in a patient
with grade III spleen rupture, in which a CT
examination, with contrast substance, per-
formed 48 hours after hospitalization showed
the formation of an important hemo-
peritoneum, which is why surgery was indi-
cated, performing a laparoscopic splenectomy
and lavage of the peritoneal cavity. However,
secondary intervention (laparotomy, laparo-
scopy, endoscopy, interventional radiology)
should not be considered a failure of the 
strategy (4). Even grade IV and V lesions may
justify in some cases a carefully selected 
and responsible NOT including careful and
repeated clinical-radiological monitoring.

In the 2 cases described above, we applied
distal SAE, following the results that came
from contrast CT tests, which highlighted the
extravasation of the contrast substance. In
both cases, the method proved to be effective,
without adverse phenomena, the death occur-
ring in one of the cases having completely 
different causes. The literature shows that in
cases of documented active hemorrhage,
hemostatic angioembolization significantly
reduces the risk of NOT for splenic and liver
lesions (4,16,17). While some authors argue
that preventive angioembolization could be
very effective in certain liver injuries with
moderate extravasation of contrast agent (18),
others still consider it controversial in splenic

trauma (19). A new classification of splenic
trauma, Baltimore Classification ( ),
takes into account the presence of active
bleeding on CT or extravasation of the 
contrast agent, which is the major prognostic
factor (4). In patients who are hemodynami-
cally unstable or have significant blood loss,
angioembolization may be an effective hemo-
static alternative to laparotomy for splenic,
renal, or adrenal lesions if the procedure can
be performed immediately (4,16). Hagiwara et
al. (20) thus demonstrated in a series of 269
patients with abdominal lesions with a grade
of at least III 100% success for hemostatic
embolization, especially in cases of multiple
hemorrhagic outbreaks. For liver damage,
angioembolization may be considered only in
certain well-selected cases, as a first-
line treatment, but this should be regularly
followed by a laparotomy with additional
hemostasis (4).

Although there were no such situations in
our study, the risk of abdominal hyper pres-
sure after severe abdominal trauma should
always be considered, when the monitoring of
intra-abdominal pressure is recommended for
early detection of abdominal compartment
syndrome. Intra-abdominal pressure greater
than 20 mmHg, associated with organ 
dysfunction defines abdominal compartment
syndrome and requires emergency treatment
(4). A literature review found a prevalence of
abdominal compartment syndrome of 0.2% to
20% after abdominal trauma (21). Risk factors

Table 6. Baltimore Classification of Vascular Injury Severity in Spleen
Injuries (13)

Grade Criteria
1 Subcapsular hematoma < 1 cm thick

Laceration < 1 cm parenchymal depth 
Parenchymal hematoma < 1 cm in diameter

2 Subcapsular hematoma 1 to 3 cm thick
Laceration 1 – 3 cm deep in the parenchyma 
Parenchymal hematoma with a diameter of 1–3 cm

3 Disruption of the splenic capsule 
Subcapsular hematoma > 3 cm thick
Laceration > 3 cm in parenchyma depth 
Parenchymal hematoma > 3 cm in diameter

4a Active intraparenchymal and subcapsular splenic bleeding 
Splenic vascular lesions (pseudoaneurysm or arteriovenous fistula) 
Spleen explosion

4b Active intraperitoneal bleeding
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for this syndrome are a BMI ≥ 27, an APACHE
II score ≥ 18, abdominal distension, the need
for controlled ventilation with a positive 
expiratory pressure ≥ 7 cm H2O, the existence
of shock, massive transfusions and the need
for significant volume recovery (21). Without
treatment, mortality from abdominal com-
partment syndrome is 90%. Early treatment
with laparostomy reduces the complications
associated with abdominal compartment 
syndrome (22,23).

In our study, patients with a favorable
course of NOT were discharged after periods
ranging from 5 days to 10 days, with an 
average of 6,6 days. These patients discharged
early needed to be able to return to the 
hospital for clinical and imagistic monitoring.
In the case of severe abdominal injury (grade
≥ III) treated with NOT, experts suggest 
hospitalization for clinical and biological 
monitoring for at least 3 to 5 days, in an 
intensive care unit for at least the first 24
hours, then in a surgical ward. The objective 
of monitoring is to detect the occurrence of
bleeding and / or infectious complications.
Most of these complications occur in the first 5
days (24,25). In our study there was a patient
approached by NOT, in whom the CT exami-
nation performed less than 48 hours after
admission revealed an appreciable hemoperi-
toneum, forcing surgery. The authors claim
that the risk of bleeding (secondary organ 
rupture, recurrence or persistence of bleeding)
is maximum in the first 24 hours, justifying
monitoring in an intensive care unit during
this period (25,26). The total duration of 
the supervision varies according to type and
localization of the lession. Smith et al. 
published in 2008, from the largest national
database in the US, the evolution of over
21,000 closed spleen trauma treated by NOT
and showed that over 95% of secondary 
hemorrhages were diagnosed within 3 days
(27). During this time, it is not necessary for
the patient to stay in bed (28,29). The duration
of monitoring depends on the severity of the
lesions observed and the patient's domicile.
The risk of bleeding complications is 
maximum in the first days after the injury and

then decreases slowly. 92% of these occur in
the first 6 days after the accident (13). The 
initial splenic lesion may remain undetected
by CT due to radiological artifacts or if only a
CT examination without contrast has been
performed. For this reason, for any post-
traumatic hemoperitoneum, even of low 
volume, the tomography should be repeated,
looking for a splenic lesion that was not 
detected on the initial abdominal ultrasound
or CT scan. In France, the period of surveil-
lance after splenic trauma varies depending
on the severity of the injury, averaging about
15 days. Discharge from day 7 may be feasible
if a contrast-enhanced CT scan is performed
prior to discharge to rule out subcapsular
hematoma or early pseudoaneurysm. Another
condition for early discharge is that the
patient has the necessary conditions to allow 
a prompt return to the hospital in case of
emergency. In all patients included in the
NOT protocol, we performed CT tests with
contrast at intervals ranging from 24 hours to
5 days. The value of an early control CT 48
hours after hospitalization was demonstrated
in a Canadian study, where due to this 
protocol, the success rate of NOT increased
from 88% to 99.6% (30). The purpose of this
CT scan is not so much to follow the lesion, but
to detect a pseudoaneurysm or extravasation
of the contrast substance, which would require
interventional treatment. Velmahos et al.
showed that for closed spleen trauma, the
combination of extravasation spot size > 15
mm, hypotension < 100 mmHg and grade ≥ III
had a positive predictive value of 100% for 
secondary hemorrhage (31).

The major obstacle in applying the full 
protocol to our patients according to data
available at this time in the literature, 
including influencing the inclusion criteria in
the study was the inability to ensure the 
continuity of interventional radiology service,
especially important in performing splenic
artery embolization (SAE) or hepatic. In the
series by Gaarder et al. (32), the overall spleen
rescue rate increased from 57% to 75% due to
SAE. Published series of splenic embolizations
(performed only in patients who were not 
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in hemorrhagic shock) revealed indications 
for SAE include: CT evidence of contrast
extravasation, pseudoaneurysm or arterio-
venous fistula, grade IV or V ruptures, 
massive hemoperitoneum, multiple severe
trauma (33). In France, a consensus favors
SAE either if contrast leakage is detected in a
stable or stabilized patient or if pseudo-
aneurysm develops (34). Performing SAE
requires the availability of an experienced
radiologist 24 hours a day and an equipped
interventional radiology room adjacent to the
trauma reception center. The ability of the
SAE to fully maintain the immune function of
the spleen is uncertain. However, SAE has a
complication rate of about 20% in some series
(13). The most common complications were
persistent bleeding, splenic infarction, migra-
tion of embolization particles, thrombosis of
the vascular access site, wound infection at
the access site, renal failure related to the con-
trast substance or late pancreatic pseudocyst.
However, in two recent series that reported
the follow-up of over 250 cases of splenic trau-
ma, the rate of severe specific complications of
SAE was less than 4%, and the rate of techni-
cal success was greater than 96% (34,35). It
should be noted that the current deaths 
related to splenic trauma are largely due to
delayed laparotomy, lack of monitoring or if
the abdominal trauma has gone unnoticed
(33). When deciding on the NOT of splenic
trauma, it is imperative to consider the 
possibility of other associated intra-abdominal
injuries (34,36,37,38). The most commonly
associated intra-abdominal injuries involve
the diaphragm and pancreas. In a patient 
with persistent abdominal pain, the possibility
of abdominal compartment syndrome (ACS)
should be considered. Although the risk of 
progression to a genuine ACS is low, it justifies
measuring intravesical pressure when in
doubt. In cases of ACS with unfavorable 
evolution, manifested by significant pain, 
oliguria, azotemia and ventilatory difficulties,
a surgical examination should be performed at
least for the evacuation of hemoperitoneum.
The most common late complications after

NOT for spleen trauma are: splenic pseudo-
cyst, pseudoaneurysm, arteriovenous fistula
(AVF) (13).

Conclusions

We have successfully applied a NOT protocol
tailored to our hospital conditions to more
than a quarter of patients. The main obstacle
to include more patients (possibly with larger
lesions than grade III, or with blood collections
greater than 500 ml) in the NOT protocol was
the impossibility of ensuring a non-stop 
activity of the interventional radiology service. 

FAST ultrasound, although with lower 
sensitivity compared to CT, was the basis of
the emergency surgical indication in 5 cases,
without the need for superior imaging. 

Contrast-enhanced CT examination, per-
formed in all patients, remains the basis for
NOT initiation, providing the necessary data on
the degree of liver or splenic lesion, the size of
blood collections, and extravasation of the 
contrast substance but also an essential 
imaging exploration in assessing NOT efficacy.

Angioembolization was successfully per-
formed in 2 cases, where CT examination and
angiography showed contrast extravasation. 

Monitoring of NOT cases should be well
quantified and consists of a contrast-enhanced
CT examination, for control, performed in our
study at periods ranging from 24 hours to 5
days after hospitalization. 

There was only one case included in the
NOT, that was operated laparoscopically, but
most authors emphasize that this should not
be considered a failure of the method.
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