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Abstract
BACKGROUND
The concept of mandatory laparotomy in treating traumatic peritonitis has been increasingly questioned recently. 

AIM
To summarize and share the experience of conservative treatment of patients with multi-trauma induced peritonitis.

METHODS
A retrospective review was performed on patients with multiple injury induced traumatic peritonitis.

RESULTS
A total of 184 patients with multiple injury induced traumatic peritonitis were reviewed. 46 of them underwent conservative treatment. None of the 46 patients with conservative treatment switched to surgical treatment, and all of them were cured and discharged after successful conservative treatment. No significant abnormal findings were observed at regular follow-up after discharge.

CONCLUSION
Conservative management is safe, effective, feasible, and beneficial in hemodynamically stable patients with traumatic peritonitis if there is no definite evidence of severe abdominal visceral organ injury.
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Core Tip: A retrospective review was performed on 184 patients with multiple injury induced peritonitis. It reveals that conservative management is safe, effective, feasible, and beneficial in hemodynamically stable patients with traumatic peritonitis if there is no definite evidence of severe abdominal visceral organ injury.

INTRODUCTION
Peritonitis refers to the inflammation of the peritoneum. Symptoms and signs may include abdominal pain and tenderness, abdominal guarding and rigidity, rebound tenderness, and fever. A diagnosis of peritonitis is based primarily on the clinical manifestations described above. Rigidity is the most specific exam finding for diagnosing peritonitis. Peritonitis can be caused by infection, chemical, and injuries. Traumatic peritonitis is caused by injury and in most cases requires surgical treatment[1]. Given the great risk of missing occult injuries, mandatory laparotomy has been a well-known guideline in treating traumatic peritonitis. However, recently, this concept has been increasingly questioned[2,3], especially in patients with low risk of a true rupture or bleeding of intraabdominal viscera. In fact, such patients are complicated by severe injury. Their conditions may deteriorate if an inappropriate exploratory laparotomy is performed, causing serious physiological dysfunction, even death[4]. The recent study retrospectively reviewed 43 cases of blunt trauma to abdominal solid organs and found 20 (47%) cases attempted conservative management with successful rate of 90% (18 out of 20 cases)[5]. We aim to review the outcomes of conservative management of traumatic peritonitis and explore the indications for managing it conservatively.

MATERIALS AND METHODS
Patients presented with traumatic peritonitis caused by multiple injuries to the Shuguang Hospital, China from April 2016 to June 2022 were reviewed. Confidentiality of all patients´ information was maintained and permission from the hospital ethical committee for the use of medical data and publishing of the study results was obtained.
Demographic data, clinical parameters, laboratory values, diagnostic examinations, management strategies and outcomes were analyzed. Hemodynamic instability was defined as systolic blood pressure < 90 mmHg, or > 90 mmHg but requiring bolus infusions/transfusions and/or vasopressor drugs. Positive abdominal findings included abdominal pain, rigidity of abdominal wall muscles and positive rebound sign on examination. The injury severity score (ISS) was calculated using the organ injury scaling committee of the American association for the surgery of trauma[6].The amount of peritoneum fluid was calculated by abdominal ultrasound and defined as: Small when the fluid was limited in pelvis or only between bowels with the maximal fluid depth (AP diameter) of 2-4 cm; medium when the maximal fluid depth (AP diameter) was 4-8 cm; large when the fluid was diffusely present in pelvis and abdomen with the maximal fluid depth (AP diameter) more than 8 cm.

RESULTS
A total of 184 patients with multiple traumas induced traumatic peritonitis were admitted from April 2016 to June 2022, including 116 males and 68 females with a mean age of 35.3 ± 10.5 years old. The causes of trauma included 85 cases of traffic injuries, 63 cases of falls from height, 20 cases of injuries from hitting by heavy objects, 16 cases of fights and assaults. The average ISS score was 26.5 points ± 14.9 points, including 42 cases of combined brain trauma, 67 cases of thoracic trauma, and 64 cases of spinopelvic or extremity fracture.
All the patients completed the relevant laboratory examination after admission in emergency room, including physical exam, routine urinalysis for hematuria, serology for cardiac enzymes, blood lactate, liver and kidney function, electrolytes, coagulation test, arterial blood gas analysis. All had emergency electrocardiogram, focused assessment with sonography in trauma (FAST), head, chest, abdomen and pelvis rapid spiral computed tomography (CT) examination, and extremity X-rays.
We identified that 46 patients were treated conservatively, accounting for 25% of the total cases. All of them were managed successfully by conservative treatment alone. None of them switched to surgical treatment. The patient demographics and outcomes are summarized in Table 1. The causes of peritonitis are listed in Table 2.
A case-by-case review of the 46 conservatively managed case revealed the following characteristics: For 15 cases with a small amount of peritoneal effusion, ISS grade III or less, no definite visceral damage found, and no hemodynamic instability, conservative treatment with close observation in emergency room was performed.
Thirsty-one cases with moderate peritoneal effusion, visceral damage or hemodynamic instability were admitted into intensive care unit with close monitoring, open central venous access, active anti-shock treatment, and transfusion as needed. These cases were under close observation of abdominal symptoms and signs and image studies were repeated if clinically indicated.
The conservative management included fasting, gastrointestinal decompression, acid suppression, broad-spectrum antibiotics against infection, and TPN nutritional support. Clinical and laboratory monitoring included frequent assessment of clinical symptoms and signs, urine output, hemoglobin, hematocrit, and arterial blood gas analysis (every six hour in first 24 h, at least daily for 3 d, and the interval of reexamination was increased after the condition was stable). In addition to the FAST exam performed in emergency room, abdominal ultrasound or CT scan was repeated on the second day after admission to confirm the peritoneal effusion and assess the progress of the injury, followed with another ultrasound or CT 3-7 d post-admission. Patients were immobilized in a flat position and were guaranteed not to be at risk for possible bleeding if moved. Emotional support was provided to relieve patient anxiety and sedatives were use when necessary.
There was no conversion to surgical treatment in these 46 conservatively managed patients. All were discharged after successful conservative treatment. The average hospital stay was 14 d. Patients were followed up after discharge. All laboratory parameters were normal after 3 mo and repeated ultrasound and CT confirmed no obvious abnormal findings in the abdominal cavity.

DISCUSSION
The peritoneum is a very thin layer of serosa composed of mesothelial cells and divided into two parts, the parietal peritoneum and the visceral peritoneum. The parietal peritoneum is mainly innervated by intercostal nerves and lumbar nerves so it is sensitive to pain. When the peritoneum of the anterior abdominal wall is stimulated, it can cause reflex abdominal muscle tension, called rigidity. It is pathognomonic for the diagnosis of peritonitis. Most peritonitis are treated with surgical operation, especially secondary peritonitis, which is often caused by injury or perforation of abdominal visceral organs[7].
In patient with multi-trauma, many second hits such as surgery and resuscitation are inappropriately applied, which may trap these patients in a vicious cycle of lethal triad consisting of hypothermia, coagulopathy and metabolic acidosis[8-10]. Therefore, damage control plays an increasing role in patient care for severe multiple trauma. The rational and cautious application of damage control surgery is extremely important in patients with severe trauma, especially abdominal injury. The current concept of damage control is applicable to all surgical specialties, and the core idea is to consider surgery as part of the overall resuscitation process[11]. The consequences of excessive surgical intervention for severely traumatized patients are dreadful[12]. Therefore, for multi-trauma patients with peritonitis, explorative laparotomy must be minimized to alleviate the unnecessary damage caused by the second hit. The cause of peritonitis must be clarified as soon as possible to decide on further treatment modalities.
The etiology of peritonitis in patients with multiple trauma is broadly classified into the following three conditions: major abdominal visceral damage including major solid organ injury and hollow organ perforation, bleeding due to minor injury to solid organs or vessels, and effect from extra-abdominal injuries[13]. Patients with major abdominal visceral damage need to undergo surgical treatment. Most of them can be done by routine laparotomy. However, damage control laparotomy should be performed if the patient condition requires. Peritonitis caused by bleeding due to minor visceral damage such as liver and spleen damage in grade three or less organ damage, conservative treatment can be performed to avoid the second hit caused by surgery[14,15]. Peritonitis caused by extra-abdominal injuries, including pelvic fracture, pelvic hematoma, retroperitoneum hematoma, frequent reassessment and repeated image studies should be performed[16,17].
In addition, symptoms from some extra-abdominal injuries can mimic peritonitis[18]. Multiple rib fractures especially of the lower quarter ribs can commonly cause abdominal pain and abdominal muscle tension. Low back fractures or soft tissue injuries can stimulate the lumbar nerves, resulting in extensive anterior abdominal wall tension and tenderness. Anterior abdominal wall contusion especially intramuscular hemorrhage can present as localized abdominal pain and tenderness. These symptoms and signs can be misleading. Surgeons need to be caution to not rush to surgical exploration and always have these in the differential diagnoses when assessing multi-trauma patients. In the absence of definitive evidence of intra-abdominal visceral injury, patients need to be closely observed for changes in clinical symptoms and signs, ancillary tests, and image. To our knowledge, these “pseudoperitonitis” has not been well studies and reported.
In this study, we retrospectively reviewed a total of 184 cases of multi trauma induced peritonitis with 46 cases treated conservatively. Under the guidance of damage control concept, these patients avoided unnecessary damage from exploratory surgery, eliminated the risk of surgical complications, and achieved good therapeutic outcomes.

CONCLUSION
Therefore, we conclude that for multi trauma patients with peritonitis, if there is no definite evidences for severe intra-abdominal visceral organ damage and patients are hemodynamically stable, conservative treatment is safe and beneficial. We recommended that conservative treatment of traumatic peritonitis should be attempted in centers with experienced surgeons, capability for precise diagnosing (ultrasound, CT, and magnetic resonance imaging), ample medical staff and equipment for uninterrupted close monitoring, and instant accessibility to operation.

ARTICLE HIGHLIGHTS
Research background
With damage control plays an increasing role in patient care for severe multiple trauma, the concept of mandatory laparotomy in treating traumatic peritonitis has been increasingly questioned recently.

Research motivation
By reveiwing the treatment modalities and outcomes of patients with multiple injury induced traumatic peritonitis, we propose the indications and share the experience of conservative managment of multi-trauma induced peritonitis.

Research objectives
To review the outcomes of conservative management of traumatic peritonitis and explore the indications for managing it conservatively.

Research methods
A retrospective review was performed on a total of 184 patients with multiple injury induced traumatic peritonitis.

Research results
Out of 184 patients with multiple injury induced traumatic peritonitis, 46 of them underwent conservative treatment. None of the conservatively managed patients switched to surgical treatment and all of them fully recovered.

Research conclusions
In hemodynamically stable patients with traumatic peritonitis, conservative management is safe, effective, feasible, and beneficial if there is no definite evidence of severe abdominal visceral organ injury.

Research perspectives
We aim to seek collaborations from other institutions to conduct a multi-center study to further explore conservative management of multiple injury induced traumatic peritonitis.
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Table 1 Patient demographics and outcomes
	Characteristics
	OM (n = 138)
	CM (n = 46)
	P value

	Age (yr), mean ± SD
	42.38 ± 15.75
	40.30 ± 12.63
	P = 0.418

	Median (range)
	38 (16-83)
	39.5 (22-67)
	P = 0.602

	M/F
	100/38
	16/30
	P < 0.001

	ISS score ± SD
	28.38 ± 8.99
	25.39 ± 8.84
	P = 0.037

	Hemodynamic instability
	102
	9
	P < 0.001

	Spleen injury
	38
	26
	P < 0.001

	Liver injury
	18
	8
	P = 0.305

	Pancreas injury
	4
	5
	P = 0.045

	Multiple abdominal solid organ injury
	5
	4
	P = 0.067

	Bowel injury
	106
	3
	P < 0.001

	ICU admission 
	138
	31
	P < 0.001

	Mortality
	6
	0
	P = 0.339


[bookmark: _Hlk129872000]OM: Operative management; CM: Conservative management; SD: Standard deviation; M/F: Males/females; ISS: Injury severity score; ICU: Intensive care unit.

Table 2 Causes of peritonitis
	Causes
	
	OM (n = 138)
	CM (n = 46)

	Major abdominal visceral damage
	Major solid organ injury
	60
	0

	
	Hollow organ perforation
	106
	0

	Bleeding
	Minor injury to solid organs
	0
	43

	
	Injury to vessels
	16
	3

	Extra-abdominal injuries
	Multiple rib fractures
	48
	19

	
	Anterior abdominal wall contusion
	112
	10

	
	Low back fractures or soft tissue injuries
	12
	14

	
	Pelvic fracture, pelvic hematoma, retroperitoneum hematoma
	46
	6


OM: Operative management; CM: Conservative management.
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