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BACKGROUND The high frequency of injuries of the spleen, as well as its important immunocompetent role in the body, dictate the need to 
develop a standardized approach to the diagnosis and treatment of this category of patients. 

AIM Standardization of the treatment and diagnostic approach for combined blunt splenic injury to improve treatment results. 

MATERIAL AND METHODS The analysis of literary sources of Russian and foreign authors on this issue. 

RESULTS The therapeutic and diagnostic algorithm was developed for combined blunt splenic injury based on the severity of the patient, and a 
detailed description of non-operative and damage control surgical treatment was given. 

CONCLUSION The use of endovascular interventions in the treatment of splenic injuries, as well as their gradual treatment in conditions of severe 
polytrauma, helps to reduce mortality. 
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BPsyst - systolic blood pressure 
aPTT - activated partial thromboplastin time 
AC - abdominal cavity 
HSh - hemorrhagic shock 
DO - dynamic observation 
DPL - diagnostic peritoneal lavage 
GIB - gastrointestinal bleeding 
GIT - gastrointestinal tract 
RPS - retroperitoneal space 
BSI - blunt splenic injury  
ALV - artificial lung ventilation  
ITT - infusion-transfusion therapy 
LT – laparotomy 
LS – laparoscopy 
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MSCT - multislice computed tomography 
NOM - non-operative management 
ARF - acute respiratory failure 
ICU - intensive care unit 
FG - free gas 
FF - free fluid 
FFP - fresh frozen plasma 
SE – splenectomy 
CI - concomitant injury 
USDS - ultrasonic duplex scanning 
TBI - traumatic brain injury 
HR - heart rate 
RR - respiratory rate 
CMEV - contrast media extravasation  
EE - endovascular embolization 
AAST — The American Association for the Surgery of Trauma  
DC — damage control surgery  
EAST — Eastern Association for the Surgery of Trauma  
OPSI — overwhelming postsplenectomy infection  
WSES — World Society of Emergency Surgery  
 

It is so common for an abdominal surgeon  - to sit washed 
and dressed for surgery in the corner of a quiet operating room 
under the clock showing midnight ... In a few minutes the patient 
will be brought in and another emergency laparotomy will begin. 
This is the culmination of the process that began a few hours ago 
- with a meeting between the surgeon and the patient, 
examination, diagnosis and development of an action plan. 

Peter F. Jones 

INTRODUCTION 

A splenic injury occurs in 16–30% of patients with blunt abdominal trauma, and in case of concomitant 
injury (CI) it reaches 49% [1–5]; in children it ranks first and accounts for 46.9–61% [6]. In 70% of cases, other 
organs of the abdominal cavity (AC) and the retroperitoneal space (RPS) - pancreas, kidneys, intestines - are 
simultaneously damaged; in 88.7% of cases it is CI [7]. The mechanism of the injury is as follows: a blow to the 
region of the VIII – XII ribs on the left (splenic ruptures are associated with fractures of the lower ribs on the 
left in 40–50% of cases), to the left hypochondrium due to road traffic accidents (35.5–58.1%), 
compression/work injury (3.2–6.5%), falling from height (25.8–45.1%), household accidents / beating (12.9%) 
[3, 7–10]. Low mobility, plethora of the organ and capsular weakening predispose to rupture [10]. 

Based on the analysis and systematization of literary sources, a therapeutic and diagnostic algorithm was 
developed for suspected concomitant blunt splenic injury (BSI). 

1. In case of hemodynamically unstable patients (BPsyst less than 90 mm Hg, HR more than 120 beats 
per minute, RR more than 30 breaths per minute, obvious signs of HSh) emergency ultrasound examination of 
the AC and RPS organs is performed (level of evidence - A, strength of recommendation - 1; A1) [2, 11, 12, 13]. 
If a retroperitoneal / splenic hematoma is detected, duplex ultrasound scanning (USDS) to assess the presence 
of blood flow as a sign of ongoing bleeding (B1) [11]) (E-FAST protocol) and to search for free fluid (FF), as well 
as plain radiography of AC organs (for the purpose of detecting free gas (FG) in the AC/ RPS) and radiography 
of other segments (if clinically indicated) [13, 14] are performed.  

Splenic injuries may be missed by ultrasound imaging, especially in the absence of hemoperitoneum. The 
method detects FF in the volume of up to 200 ml with an accuracy of 94.3%, from 200 to 500 ml - with an 
accuracy of 98.5%. However, up to 29% of splenic ruptures are not associated with sonographic 
hemoperitoneum. The sensitivity of ultrasound in detecting splenic ruptures reaches 80–84% for injuries of 
grade III or higher severity according to the AAST classification (Table), and is significantly lower for AAST 
grades I – II, the specificity being 100% [14].  
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T a b l e  
Splenic Injury Classification According to the American Association for the Surgery of Trauma  

Splenic Injury 
Grade  

Type of Injury Morphological Assessment of Splenic Injury 

I 
 

Hematoma 
Laceration (tear) 

Subcapsular hematoma <10% of surface area 
Capsular tear, <1 cm depth 

II 
 

Hematoma 
 

Laceration (tear) 

Subcapsular hematoma, 10-50% of surface area  
Intraparenchymal hematoma <5 cm 
Capsular tear, 1-3 cm in depth, without trabecular vessel involvement 

III 
 

Hematoma 
 
 

Laceration (tear) 

Subcapsular hematoma >50% of surface area 
Subcapsular, unstable of any diameter 
Subcapsular or intraparenchymal hematoma with rupture and bleeding Intraparenchymal hematoma ≥5 cm or   
Parenchymal laceration >3 cm in depth or with trabecular vessel involvement  

IV Laceration (tear) Parenchymal laceration involving segmental or hilar vessels producing >25% devascularisation 

V 
 

Laceration (tear) 
Splenic vascular injury 

Completely shattered spleen  
Hilar vascular injury which devascularized spleen  
Complete separation of the spleen from the vascular pedicle 

Ultrasound signs of splenic trauma: 
a) subcapsular hematoma: accumulation of fluid clearly delimited by a crescent or elliptical capsule. It 

flattens or compresses the splenic parenchyma, and may be anechoic, with increased echogenicity, or 
heterogeneous; 

b) Splenic lacerations: abnormal heterogeneous areas, may be anechoic in case of rapid bleeding, but are 
often more echogenic than the normal spleen. There may be contour discontinuity / capsule disruption (72%). 
Most lacerations occur along the lateral edge of the spleen. FF is almost always present as an anechoic streak; 

c) a sentinel clot in the form of an echogenic or heterogeneous zone in the FF adjacent to the site of the 
injury is an indirect sign of the ruptured spleen; 

d) intraparenchymal hematoma: the focal area of increased echogenicity, USDS shows uneven contours 
and absent vascular pattern (12%); 

e) splenic infarction: a zone of decreased or mixed echogenicity, well-defined, triangular in shape, with 
the base directed towards the splenic capsule. 

Hemodynamically unstable patients with the signs of ongoing intra-abdominal (with an amount of FF of at 
least 500 ml) / retroperitoneal bleeding / increase in size of splenic hematoma, in the presence of FG in the 
AC/RPS undergo emergency laparotomy (LT) (A1) [2, 6, 10-15] combined with resuscitation [13]. 

In case of FF presence in the AC of less than 500 ml or uninformative ultrasound with the absence of FG in 
the AC/ RPS, or in the absence of FF / FG in the AC /RPS, but with a clinically "restless" abdomen, diagnostic 
peritoneal lavage (DPL) (A1) [ 10, 11, 13] /mini-laparotomy is urgently performed, and with 10 ml gross blood 
on initial aspiration, > 500/mm3 white blood cells (WBC), > 100,000/mm3 red blood cells (RBC), or the 
presence of bile, gastric / intestinal contents / food particles, urine, cloudy exudate due to fibrin strands, 
alkaline phosphatase level above 10 IU/L / amylase level more than 75 IU /L patients are transferred to LT (A1) 
[2, 10, 12]. 

 The diagnostic value of plain radiography in patients with concomitant abdominal trauma is 41.2–66.4%. 
If the spleen is damaged, a homogeneous shadow descending downwards along the left abdominal canal to the 
iliac fossa can be detected in the left subphrenic space; an elevation and limited mobility of the left 
hemidiaphragm, sometimes reactive pleural effusion on the left, displacement of the stomach and left bend of 
the colon downwards and to the right; swollen abdomen and blurred contour of the greater curvature, its 
"serration", rib fractures on the left are noticed [14].  

Patients with absent FF and FG in the AC/RPS, no ultrasound signs of blood flow in the 
retroperitoneal/splenic hematoma, “calm” abdomen are observed and treated in the intensive care unit (ICU) 
[2, 11-13]. 

 2. In case of hemodynamically stable patients (BPsyst more than 90 mm Hg, HR under 120 beats per 
minute, RR under 30 breaths per minute, no signs of HSh) MSCT of the abdomen is urgently performed (А1) [2, 
5, 7, 9–12, 14] (other segments – if clinically indicated); in case of suspected damage to large blood 
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vessel/parenchymal organs of the AC/RPS, and/or FF in the AC, and the absence of FG in the AC/RPS, CT 
angiography is performed to identify the source of possible bleeding [13, 14]. The accuracy of computed 
tomography (CT) in detecting hemoperitoneum is 100%. 

CT is indispensable in the diagnosis of intraparenchymal or subcapsular hematoma. Intraparenchymal 
hematoma has an irregular rounded shape, with clear uneven contours, and is located in the center of the 
organ; subcapsular hematoma is located under the capsule of the organ, has a crescent shape with clear 
contours, a heterogeneous structure with a density of up to 45-50 HU in the 1st – 3rd day after injury and 10–
15 HU – starting from the 5th day. In case of lacerations, a zone of irregular shape with uneven blurred 
contours of an inhomogeneous structure with a density of up to 30–35 HU in the first 3 days after injury and 
20-25 HU – starting from the 5th day is revealed. The sensitivity and specificity of the method for splenic 
injuries is 96–100% [11].  

In case of contrast media extravasation (CMEV) into the AC/RPS/splenic parenchyma (unstable 
hematoma), arterial or arteriovenous pseudoaneurysm detection - regardless of injury grade - endovascular 
splenic artery embolization (A2) is performed [3, 8, 10, 11, 14], thus decreasing the odds of surgical 
intervention to 9.9–15.7%, and increasing the incidence of organ-sparing surgeries from 53 to 75% [1, 4, 16]. If 
EE is impossible, the incidence of inevitable surgeries increases up to 19.6% with AAST grade III BSI, up to 
33% with AAST grade IV, and up to 75% with AAST grade V [1]. The optimal EE method for blunt splenic 
injuries has not yet been developed [16]. Proximal and combined EE are preferred for multiple splenic vascular 
injuries (C1) [11, 15, 16]. In their systematic review and meta-analysis based on 876 patient cases Rong JJ et al., 
2017 [16] showed the advantages of proximal EE in comparison with distal and combined ones for splenic 
infarct and abscess. Lee R et al., 2020 [17] evaluating the outcomes of the distal EE of the splenic artery in 42 
patients with AAST grade V BSI, concluded that in 88% of cases the technique was effective regardless of the 
patient's hemodynamic status. 

If EE is ineffective, the amount of FF in the AC ≥500 ml, and a growing  retroperitoneal/splenic hematoma, 
LT, revision of the retroperitoneal hematoma (to stop ongoing intra-abdominal/retroperitoneal bleeding) and 
splenectomy (SE) are performed (A2) [9, 11, 13, 15]. 

If EE is ineffective, the amount of FF in the AC under 500 ml, contrast media extravasation (CMEV) into the 
splenic parenchyma (unstable hematoma), LS is urgently performed to stop bleeding and clean and drain the AC [2, 
6, 11, 15]. Laparoscopic surgeries can be performed for AAST grade I – III BSI in 40% of cases [18], the method has 
contraindications: damage or suspicion of damage to the diaphragm (with undrained pleural cavity), severe 
respiratory distress, hemodynamic instability [1, 19]. In case of stable subcapsular hematoma up to 2 cm in diameter 
the volume of intervention can be limited to bringing the omentum to the bruised part of the spleen and draining 
the left subphrenic space for 5–8 days. If a peripheral hematoma occupies the pole of the spleen or its main body, 
and is unstable, or its diameter is more than 2 cm, puncture aspiration with the closure of the puncture hole with an 
adhesive composition is performed [18]. If the spleen is ruptured in the area of colicosplenic ligament attachment 
and parenchymal bleeding is of low-intensity, laser coagulation of the ruptures [1], defect repair with surgical glue, 
application of hemostatic agents, splenorrhaphy done as omentolienopexy may be performed [4].  A non-contact 
method of argon plasma coagulation has a high efficiency, allowing formation of a reliable dense eschar [1]. In case 
of an unsuccessful attempt at hemostasis, the growth of the intraparenchymal hematoma, laparoscopic SE is 
performed [1, 18, 19]. In case of an unclear source of ongoing bleeding or impossibility / ineffectiveness of 
hemostasis, LS procedures are converted to LT [6, 12, 13].  

In case of effective EE, the absence of hemoperitoneum (“stabilization” of an unstable hematoma), the 
hemodynamically stable patient is left under dynamic observation (DO) [15, 17]. 

If EE is effective and the amount of FF in the AC is more than 500 ml (intra-abdominal bleeding stopped 
with hemodynamic stability), LS is urgently performed to clean and drain the AC [6, 13]. 

 In case of  effective EE and the amount of FF in the AC being less than 500 ml (insignificant intra-
abdominal bleeding stopped with hemodynamic stability), the absence of FG in the AC / RPS and a "calm" 
abdomen (no signs of peritonitis, intestinal obstruction, tension of the anterior abdominal wall), DO is 
organized [ 15, 17]. In case of a “restless” abdomen DPL is performed, and if clinically indicated (if, in addition 
to damage to the parenchymal organ, there is a rupture of a hollow organ without FG in the AC / RPS) LT is 
performed [11, 12, 13].  
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In the absence of CMEV into AC / RPS or the organ parenchyma, the absence of FG in the AC and RPS, the 
absence of hemoperitoneum (stable hematoma), DO is performed [15, 17].  

In the absence of CMEV into AC / RPS or the splenic parenchyma, the absence of FG in the AC / RPS, with 
FF <500 ml to clarify its nature DPL is urgently performed. In cases of bowel perforation the sensitivity of CT 
reaches 90%; in hemodynamically stable patients, CT and DPL are complementary diagnostic methods (A1) 
[12] and, if appropriate indications are identified (rupture of a hollow organ without FG in the AC / RPS), the 
switch to LT is performed [11, 12, 13]. 

In the absence of CMEV into AC / RPS/splenic parenchyma, the absence of FG in AC and RPS, with FF in 
the AC not less than 500 ml LS is urgently performed to search for a possible hollow organ rupture (without 
abnormal presence of FG in the AC or RPS), to adequately clean and  drain the AC. When the latter is found, 
the conversion of access is indicated [11–13].  

If CT detects signs of damage to a hollow organ, FG in the AC / RPS, distinct symptoms of peritonitis, LT is 
urgently performed [2]. If CT results are doubtful or negative, the abdomen is “calm”, as well as in case of 
non-operative managementt of splenic injuries, DO (A1) and repeated CT are performed 12–48 hours and on 
the 7th day after injury (A2) [2, 10, 11]. According to the WSES recommendations, dynamic CT is necessary for 
AAST grade III– V BSI, decreased hematocrit levels, pseudoaneurysms of the splenic artery, coagulopathy, 
splenopathy, impaired consciousness (A2) [11]. In case of a “restless” abdomen, DPL and, if clinically 
indicated, LT are performed [11–13]. 

 The prevalence of transverse ruptures without great vessel injuries established by CT with intravenous 
contrast (A2) [11] creates the prerequisites for successful non-operative management (NOM) of BSI [6] in ICU 
under the following conditions:  

1) stable hemodynamic parameters (BPsyst more than 90 mm Hg; HR less than 120 beats per minute) 
against ongoing infusion combined with endoscopic hemostasis, the absence of HSh (A2) [2, 7, 11, 20, 21]. 
According to the WSES and EAST recommendations, NOM of BSI is the method of choice for hemodynamically 
stable patients (A2) [11, 21]. Until recently, hemodynamic instability was an absolute contraindication to 
NOM (A1) [3, 6, 11, 15], but Guinto R. et al., 2020 [22] have analyzed the possibility of angioembolization as the 
first stage of NOM in hypotensive patients with AIS grade IV–V BSI and came to the conclusion that the 
technique did not lead to increased mortality, despite a higher percentage of intra-abdominal  infections. The 
authors emphasize that with such injuries of the spleen, surgeons in most cases (95%) tend to perform SE, but 
in some cases, after a positive response to the initial anti-shock measures, EE can be used. In 29% of patients, 
EE was ineffective and required SE [22]. Taiwanese researchers Liao CA et al., 2020 [23] also did not find a 
significant difference in mortality rate of hypotensive patients who underwent EE or SE; the time to achieve 
hemostasis, blood transfusion volume and hospital length of stay did not significantly differ;  

2) stable parameters of red blood cell (RBC) concentration, levels of hemoglobin and hematocrit (B1) [12]; 
baseline hemoglobin level can mask bleeding [20, 24];  

3) absence of hollow organ injuries, peritonitis, requiring emergency surgery (A1) [2, 6, 7, 11]. The 
incidence of missed AC organ injuries requiring LT under conditions of NOM of BSI is 0.8–2.3% [15];  

4) the volume of blood in the abdomen is less than 500 ml, without a tendency to increase [21]; this 
indicator is relative, since there have been published reports on the successful conservative treatment of 
splenic ruptures in children with large hemoperitoneum, in particular in a child with hemoperitoneum of 1700 
ml, whose hemodynamic parameters  were stabilized by massive transfusion of blood plasma, prothromplex 
and tranexamic acid, and subsequent LS (after 14 hours after admission and 18 hours after injury) did not 
reveal ongoing bleeding and indications for SE, and the patient was discharged without complications [6]. 
Salottolo K. et al., 2020 [25] on hemodynamically stable patients with BSI have proven that moderate (in 
addition to Koller's and Morrison's  pouches blood is found in the flanks of the abdomen) and large (additional 
accumulation of blood in the pelvis) volume of hemoperitoneum is an independent predictor of 
endovascular/open intervention, along with higher AAST grades of BSI, patient age and splenic vascular 
injuries;  

5) absence of CMEV in free AC / splenic parenchyma on CT angiogram [7, 12, 21] or successful EE; the 
effectiveness of NOM has been proven for peripheral ruptures of AAST grade I – II [26], intraparenchymal 
hematomas less than 5 cm in diameter (AAST grade II); in the absence of CMEV under the capsule of the organ 
and an enlarged spleen [15, 26]; and small subcapsular (less than 10% of the surface - up to 2 cm in diameter – 
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AAST grade I) unstressed hematomas which do not tend to grow [21]. Carvalho F.H. et al., 2009 (cited from [15]) 
considered the overall trauma severity and the AAST grade of BSI to be the main predictors of NOM failure. In 
2000, Velmahos G.C. et al. (cited from [2, 8, 15]) noted that conservative treatment of patients with not less than 
AAST grade III BSI and in need of transfusion of 1 L of blood is less successful, and in 2010, they named AAST 
grade V of BSI and traumatic brain injury (TBI) to be such factors; out of 224 patients with AAST grade IV – V of 
BSI, NOM was effective in 64% [8, 10]. The presence of traumatic pseudoaneurysms or active extravasation (17%) 
on CT increases the likelihood of NOM failure in 60% of patients with any degree of splenic injury [11, 27]. 
Rodeghiero F. et al., 2012 (cited from [2]), Coignard-Biehler H. et al., 2011 (cited from [2]) described the possibility 
of NOM for patients with AAST grade III-V of BSI under the condition of EE of the splenic artery. According to 
the meta-analysis of Requarth J. et al., 2011 (cited from [10]), which included 10,157 patients, conservative 
treatment was successful in 91.7% of cases. Fernandes T.M. et al., 2013 (cited from [8]) successfully used NOM in 
24 out of 26 patients (92%) with AAST grade IV of BSI. Cirocchi R. et al., 2013 (cited from [2, 15]) analyzed 21 
studies with 16940 patients and determined that NOM of BSI is the "gold standard" for AAST grade I and II. Up to 
80–85% of all the patients with BSI are treated conservatively [3, 7, 8, 11, 21]; 

 6) absence of severe concomitant injuries and massive blood loss, signs of coagulopathy [12, 15, 21] 
/splenopathy [27]. According to Fang J.F. et al., 2003 (cited from [15]) NOM of patients with BSI suffering from 
hepatic cirrhosis with coagulopathy and portal hypertension was ineffective in 92% of cases and was 
accompanied by 55% of postoperative mortality. The absence of spontaneous hemostasis was explained by 
increased hydrostatic pressure in the splenic parenchyma and a deficiency of blood coagulation factors. The 
authors noted a direct correlation between the mortality rate and the prolongation of the prothrombin time, 
the severity of trauma and hypoproteinemia;  

7) age under 55: a number of studies confirm age-related changes in the structure of the organ and its 
capsule which reduce the likelihood of spontaneous hemostasis (age over 55 is a relative contraindication (B2) 
[11, 15]);  

8) clear consciousness, since in case of its impairment the risk of missed injuries requiring emergency LT 
increases. This condition is also debatable, since Rozycki G.S. et al., 2005 (cited from [15]), having conducted a 
study among 126 patients with score of 8 and less on the Glasgow scale, concluded that NOM of patients with 
blunt trauma of the parenchymal organs of AC and severe TBI is safe. According to Pal JD and Victorino GP, 2002 
(cited from [15]), based on their study of 1388 patients, the diagnostic value of CT in hemodynamically stable 
patients with impaired consciousness is comparable to LT and demonstrates sensitivity, specificity and accuracy 
of 97.7% –99 ,4%. At the moment, it is believed that NOM of patients with TBI is possible only under condition of 
immediate availability of CT angiogram and EE; in other cases, surgeons are inclined towards SE (C1) [11].  

9) availability of appropriate medical equipment and personnel for round-the-clock DO in ICU, CT scan 
with contrast, angiography and EE, the possibility of quick access to blood products (A2) [2, 6, 7, 11, 21, 27]. 

 The complex of conservative measures (in addition to EE) includes: 
1. Rest creation (strict bed rest for 8-10 days) [6]. 
2. Prevention of hypoxemia (A1) [12, 24], prescription of analgesics [6] and therapy aimed at prevention 

and treatment of the organ failure.  
3. Replenishment of blood loss (infusion-transfusion therapy - ITT [6], balanced crystalloids (A1) [24] / 

colloids (for initial resuscitation) (C1) [24]). The optimal concentrations of Ht or Hb for maintaining 
hemostasis in those patients have not been established [12, 24]. In the study by Sartorelli K.H. et al., 2000 
(cited from [15]) indications for blood transfusion were considered to be as follows: a hemoglobin level of less 
than 90 g / l (C1) [24] and a heart rate of more than 100 beats / min.  

4. Correction / prevention of coagulopathy - by transfusion:  
а) fresh frozen plasma - FFP (if fibrinogen level is lower than 1 g / L; prothrombin time and activated 

partial thromboplastin time (APTT) are 1.5 or more times longer than the normal range; platelet counts lower 
than 80 × 109 / L) (C1) [24]. Plasma transfusion should be performed prior to normalization of the 
international normalized ratio and APTT;  

b) fibrinogen (initial dose 3-4 g) (C1) [24];  
c) cryoprecipitate if the concentration of fibrinogen in the blood is less than 1.5 g / L; initial dose of 50 mg 

/ kg (C1) [12, 24]; 



7 
 

d) platelet mass to maintain platelet counts higher than 50 × 109/L (C1) [12]; in patients with ongoing 
bleeding, severe polytrauma, impaired platelet function (end-stage renal failure) and/or TBI, it is 
recommended to maintain a platelet counts higher than 100 × 109 / L (C1) [12, 24].  

5. Administration of hemostatic agents for 5-12 days [6] - it is recommended to use tranexamic acid in a 
dose of 1 g within 10 minutes in the first hour after injury (reducing the risk of death from bleeding by 2.5%), 
followed by intravenous infusion of 1 g  within 8 hours (A1) [12, 24]. If the above drugs are ineffective, it is 
possible to use recombinant activated factor VII (rFVIIa) (C1) [12, 24]. 

 6. Administration of antibacterial agents for the prevention of purulent and bronchopulmonary 
complications, intestinal insufficiency syndrome for 5-12 days [6] - carbapenems (Tienam-Imipenem + 
Cilastatin 0.5-1 g IV every 6-8 hours, Meronem 0.5 m 1 g intravenously every 8 hours), 4-th generation 
cephalosporins (Cefepime 2 g intravenously 2-3 times/ day) or "protected" cephalosporins (Ceftazidime 
intravenously 2 g 3 times / day; Sulperazon IV 1 + 1 g 3 times / day ), 3-d-4th- generation fluoroquinolones 
(Moxifloxacin 250 ml IV 1 time / day; Levofloxacin 0.5 g 1–2 times / day or 1 g 1 time / day) as a starting 
therapy.  

7. Administration of inotropic agents (adrenaline, dobutamine) for myocardial dysfunction (C1) [24].  
8. Prevention of stress bleeding from the upper gastrointestinal tract (GIT) - administration of proton 

pump inhibitors (A1) [12]. Absolute indications - artificial lung ventilation (ALV), hypoxia (acute respiratory 
failure - ARF - increases the risk of gastrointestinal (GI) bleeding by 15.6 times), hypotension (increases the 
risk of GI bleeding by 3.7 times), coagulopathy (increases the risk of GI bleeding by 4.3 times), sepsis 
(increases the risk of GI bleeding by 2 times).  

9. Continuous use of intermittent bladder catheterization for hourly monitoring of urine output; its 
decrease to less than 0.5 ml / kg / h serves as a reliable indicator of inadequate fluid therapy.  

10. Warming the patient (C1) [12, 24]. More than 50% of patients with abdominal trauma and intra-
abdominal bleeding suffer from hypothermia, which together with coagulopathy and acidosis constitutes a 
fatal triad. A decrease in the patient's body temperature (with the esophageal probe) to 34 ° C is accompanied 
by 4 times higher mortality compared to 35 ° C [12]. The impact of hypothermia includes changes in platelet 
function, weakening of the function of coagulation factors by 10% with a decrease in body temperature by 1 ° 
C, inhibition of enzymes and fibrinolysis. It is necessary to remove cold damp clothing, increase the ambient 
temperature (29 ° C), provide air heating, use warming blankets and mattresses, warm oxygen, 39 ° C 
crystalloid solutions, as well as devices for artificial warming of patients.  

11. Treatment for metabolic acidosis: there is currently no clear data to inform clinical guidance on the use 
of medicines [12, 24]. The use of sodium bicarbonate is contraindicated in ARF. 
Tris(hydroxymethyl)aminomethane is not well studied, and not administered in oliguria. Hypoventilation and 
large infusion volumes of 0.9% NaCl solution should be avoided.  

12. Measures for preventing gastroparesis: nasojejunal intubation, prokinetics (metoclopramide, 
erythromycin (A1)), intravenous administration of solutions containing potassium, hypertensive enemas. 
Enteral nutrition begins 3 days after the start of conservative treatment. 

13. Prevention of venous thromboembolic complications: intermittent pneumatic compression of the 
lower extremities (A2) [11, 12, 24] and the use of low-molecular-weight heparin (A1) - no later than 24 hours 
after achieving the final hemostasis (B2) [11, 12, 24, 28].  

Urgent surgical interventions for polytrauma, HSh, signs of ongoing bleeding with metabolic acidosis, 
hypothermia and coagulopathy (B1) [11, 12, 24] should be aimed only at saving lives, be minimally traumatic 
and comply with the principles of “damage control surgery” (DC) which involve multistage surgical approach 
[28].  

Stage 1 of DC approach for abdominal trauma is a primary emergency surgical procedure of reduced 
operative time (up to 90 minutes). If hypotension is critical due to profuse intra-abdominal / retroperitoneal 
bleeding, endovascular balloon occlusion of the aorta (B2) may be used before / during LT [12, 28].  

Access: upper midline incision [5, 10, 25]. During LT bleeding increases due to a decrease in intra-
abdominal pressure. The anesthesiologist tries to maintain hemodynamic stability, the surgeon controls 
temporary hemostasis (B2), and the assistant evacuates the blood using a reinfusion device [5, 10, 12]. If the 
BPsyst is less than 70 mm Hg, and revision of the AC organs is difficult to implement due to a large 
hemoperitoneum, it is advisable to press the aorta with a fist / vascular plug to the spine below the diaphragm 
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for 20-30 minutes. This method allows you to stabilize the patient's condition, stop bleeding and gain time for 
intensive care (C1) [10]. In case of severe bleeding from the parenchyma / vessels of the spleen, a clamp (clip) / 
tourniquet is applied to its vascular pedicle in order to temporarily stop bleeding and identify the lesions.  

In case of AAST grade IV–V BSI, detachment of the vascular pedicle, severe crush injuries and ruptures 
involving the splenic hilum, the impossibility of suturing them, eruption of sutures in combination with 
hemodynamic instability (A2) [3, 4, 11, 28], agonal state, multiple damage to others organs of AC and / RPS, 
signs of diffuse peritonitis, age over 65 years, splenomegaly, pronounced adhesion formation, flabby 
parenchyma, coagulopathy, SE is indicated already at the first stage [11, 15, 19, 25]. The incidence of SE in the 
management of BSI currently does not exceed 5% in pediatric surgery, and in adults it ranges from 5%  with 
AAST grade I to 75–80% with AAST grade V [4], on average 24–35% [11]. Amirkazem V.S. et al., 2017 [29] in 
their randomized study proved the advantages of splenic vessel ligation using Ligasure™ energy device 
(Medtronic, USA) compared to conventional ligation during SE for BSI in terms of less blood loss and reduced 
duration of surgery.  

In other cases, after suturing over a local hemostatic agent the spleen is wrapped up with a VICRYL* 
(polyglactin 910) /catgut mesh and tamponade (B1) is performed [1, 3, 11, 24, 30]. A solitary rupture (up to 4 
cm long and up to 3 cm deep) on the diaphragmatic surface or in the area of the spleen pole (AAST grade I – 
II), may be sutured with a 3/0 absorbable thread on an atraumatic needle transversely to the course of 
intraorgan vessels [4]. Splenorrhaphy is used in 1–6%, and the inefficiency of suturing reaches 35–50% [1, 11]. 
In the case of suture eruption omental pedicle flap or a local hemostatic agent can be used [1, 4, 10]. 
Maistrenko AN et al., 2018 [30], performed experimental assessment of the hemostatic properties of a number 
of local hemostatic agents (absorbable gelatin sponges, "Biatravm", "Resorb-2", "Ferroresorb", 
"Ferrobiatravm", "Surgicel”, “Surgicel Nu-knit”) for liver and spleen injuries, and the latter two were proven to 
have the best hemostatic effect. 

Wrapping up of the organ with a mesh is quickly performed, moreover, the function of the organ is 
restored within 1-3 days after surgery. This technique is effective and safe, causes minimal inflammatory 
response and minor cicatricial changes [1]. SE in young children (up to 4 years) leads to significant 
autoimmune disorders and the risk of post-splenectomy infection (OPSI) syndrome with mortality rate of 40–
70% [1–4, 10]; in adults, the incidence of OPSI after trauma is 0.5%, after planned SE - 20% with mortality rate 
of 8–10% [16]. Therefore, it is of great importance to preserve the maximum amount of the ruptured spleen 
[6]. On the other hand, the performance of spleen preserving surgeries is associated with difficulties in 
hemostasis, therefore, organ-sparing surgeries should not be an end in itself. It is necessary to take into 
account the severity of the patients’ condition and not expose their lives to additional risk. Once the bleeding 
stops, further patient treatment is determined at the third stage of DC; if bleeding continues, SE is performed 
[28, 31].  

Stage 2 - Damage Control Resuscitation: intensive care to stabilize vital body functions, detailed 
identification of injuries with potential endovascular hemostasis, consultations with related specialists [28, 
31].  

Stage 3: repeated planned surgery with a thorough revision of all injuries to exclude overlooked injuries 
[28, 31 

In case of renewed bleeding after removal of tampons and the clamp from the vascular pedicle, as well for 
splenic necrosis, SE is indicated [11, 15].  

If the injury is located along the diaphragmatic surface in the area of the poles, resection of the spleen is 
indicated [4, 6] by ligating the main splenic trunk proximal to its inosculation with the left gastroepiploic 
artery and short gastric arteries, removing the damaged part and treating the wound surface with cold 
atmospheric plasma or laser coagulation; then the splenic stump is closed with the vascularized omental 
pedicle flap which is sutured around the circumference applying continuous or 8-shaped absorbable suture, or 
the wound is tamponed with hemostatic material [30, 32].  

In case of damage to the splenic hilum without injury of the main splenic vessels, it is possible to 
tamponade the greater curvature of the stomach using sutures drawn through the serous-muscular layers of 
the gastric fundus and the splenic parenchyma and tying knots over the greater omentum [28, 32].  

After SE, pneumococcal (re-vaccination after 5 years) and meningococcal vaccines are administered, and 
high risk patients are vaccinated against Haemophilus influenzae (A1) [11]. The optimal vaccination period is 
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no earlier than 14 days after SE (C2) [11]. Also, after SE, travelers are recommended to be vaccinated against 
malaria (C2), patients older 6 months - immunization against influenza (C1), in case of unexplained sudden 
onset of malaise, fever, chills, antibiotic therapy is required (A2) [11]. The options are:  

а) amoxicillin, the initial dose of 3 g, then 1 g every 8 hours;  
б) levofloxacin 500 mg every 24 hours or Moxifloxacin 400 mg every 24 hours (for patients with beta-

lactam allergy) [11].  
The mortality rate reported for operative treatment of splenic injuries is 12–34%, in patients treated with 

NOM - 4%, in case of the initial treatment with NOM and subsequent conversion - 16.5%, and various intra-
abdominal complications (abscesses of the left subphrenic space (5%), pancreatitis, secondary bleeding) are 
observed in 11.2–35% of patients [2, 5, 8, 19], mostly in operated patients [11, 32].  

Mortality rate for solitary splenic injuries is 1–4.3%, for two-stage ruptures - 5–15%; for concomitant and 
multiple injuries - 13.3–40.9% [4, 9]. By applying the principles of DC, it can be reduced to 7.1%, and the 
complication rate - down to 5.3% [28, 31, 32].  

CONCLUSION 

Standardization of the therapeutic and diagnostic approach to concomitant blunt splenic injuries based on 
the severity of the patient's condition, hemodynamic stability and the degree of organ failure gives a clear idea 
of the sequence of diagnostic and therapeutic actions in regard to this category of patients, determines the 
choice of one or another strategy of their management. Rapid progress in endovascular techniques contributes 
to the expansion of opportunities for non-surgical management of blunt splenic injuries. Hemodynamic 
instability, previously considered an absolute contraindication to conservative treatment, in recent studies is 
viewed as a relative contraindication, endovascular embolization of the splenic artery has proven highly 
efficient. If a possible cause of hemodynamic instability in case of concomitant injury is not abdominal 
trauma, then in the absence of other indications for LT and the availability of appropriate equipment for 
dynamic monitoring and vascular hemostasis, an attempt at non-surgical management of patients with 
splenic injuries should be undertaken. This is particularly justified in case of severe polytrauma, when the 
slightest prolongation of the initial intervention at the first stage of Damage Control surgery leads to increase 
in mortality. If vascular hemostasis is ineffective or impossible at the first stage of Damage Control surgery, as 
well as in case of severe injury of the spleen (AAST grade  IV-V), its detachment from the vascular pedicle, 
extensive crush injuries and ruptures involving the splenic hilum, the impossibility of their suturing, eruption 
of sutures in combination with hemodynamic instability, agonal state, multiple injuries of other organs of the 
abdominal cavity and retroperitoneal space, signs of diffuse peritonitis, age over 65 years, splenomegaly, 
pronounced adhesion formation, flabby parenchyma, coagulopathy, splenectomy should be performed 
optimally with transection of splenic vessels using Ligasure™ energy device (Medtronic, USA). In other cases, 
to minimize the time interval, it is advisable to achieve hemostasis by the combined use of absorbable meshes, 
physical and chemical methods for the hemostatic applications, tamponade with the imposition of a soft 
clamp / tourniquet on the vascular pedicle and make the final decision on the preservation or removal of the 
spleen at the third stage.  
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