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ABSTRACT

Introduction. Bacterial infections in cirrhotic patients represent a major clinical problem, occuring 4-5 times more fre-
quently compared to the general population and increasing mortality by leading to acute on chronic liver failure, subse-
quent decompensation, and multiorgan failure. The study’s purpose is to determine the possibilities of laparoscopy in the
treatment of spontaneous bacterial peritonitis with decompensated liver cirrhosis.

Materials and methods. A retrospective descriptive study was conducted on 82 patients diagnosed with liver cirrhosis
and spontaneous bacterial peritonitis, who were admitted to the Constantin Tibirna Surgery department No2, Holy Trinity
Municipal Clinical Hospital and the Scientific Research Laboratory of Hepatic Surgery, Nicolae Testemitanu State Univer-
sity of Medicine and Pharmacy, Chisinau, Republic of Moldova, between January 2012 and December 2021. Patients who
underwent surgical drainage of the abdominal cavity by laparoscopy with postoperative peritoneal lavage with antibiotics
were selected. All patients received standard treatment for the correction of liver function and complications of portal
hypertension. The data were extracted from the medical records of the hospital archive, and the patient database was com-
piled. Data analysis was performed using simple statistical calculations.

Results. Positive ascitic fluid bacterial culture was in 29.2% (24 patients), while 70.7% (58 patients) had culture-negative
ascites and peritonitis. The most frequent bacterial species was E. coli, present in 54.1% (13 patients). Mortality was 8.5%
(7 patients) due to progressive liver failure. Recurrence of ascites and peritonitis at 1 month was 6.0% (5 patients).

Conclusions. The laparoscopic approach in spontaneous bacterial peritonitis in patients with decompensated liver cir-
rhosis allows for better sanitation of the abdominal cavity, improves peritoneal absorption, and deserves establishment as

clinical practice for patients with ascites and peritonitis and cirrhosis.
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

The diagnosis of spontaneous bacterial peritonitis in patients with
liver cirrhosis is based on standard analyzes of the ascitic fluid for
bacterial flora and the number of PMN cells. However, many ques-
tions remain unanswered, leading to delayed diagnosis of ascites
and peritonitis and late initiation of treatment, which increases the
mortality rate to up to 90% in undiagnosed patients.

The research hypothesis

The laparoscopic approach as surgical treatment for spontaneous
bacterial peritonitis in patients with decompensated liver cirrho-
sis should lead to good sanitation of the peritoneal cavity and im-
prove peritoneal absorption.
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The novelty added by manuscript to the already published scientific literature

Conservative treatment of ascites and peritonitis with combined antibiotic therapy and evacuation laparocentesis is currently
the only approach for these patients. This manuscript shows that laparoscopy is a safe and optimal treatment for spontaneous
bacterial peritonitis by increasing parietal peritoneum absorption.

Introduction

Worldwide, 844 million people suffer from chronic liv-
er disease, with a mortality rate of two million deaths per
year, including one million deaths from complications of
cirrhosis. According to the National Bureau of Statistics in
the Republic of Moldova, over 10000 patients with liver cir-
rhosis were registered in 2019, and 8962 in 2021 [1]. The
main causative factors of liver cirrhosis are hepatitis Band C
viruses, followed by non-viral causes, excessive alcohol con-
sumption, and lipid dystrophy of the liver. As liver cirrhosis
is often asymptomatic until decompensation occurs, many
patients remain undiagnosed until complications arise. The
main complications include ascites, spontaneous bacterial
peritonitis (SBP), digestive bleeding from esophagogastric
varices, and hepatic encephalopathy [2].

Bacterial infections in cirrhotic patients represent
a major clinical problem, occurring 4-5 times more fre-
quently compared to the general population. These infec-
tions can increase mortality by leading to acute-on-chron-
ic liver failure, subsequent decompensation, and multior-
gan failure. Sudden-onset spontaneous bacterial infections
without an obvious source are specific to patients with
decompensated liver cirrhosis and include spontaneous
bacterial peritonitis, spontaneous bacteremia, and sponta-
neous bacterial empyema (infected hepatic hydrothorax).
Despite advances in intensive care and prophylactic antibi-
otic usage, SBP remains the most common and significant
bacterial infection in cirrhotic patients with ascites due to
its considerable morbidity and mortality [3]. Spontaneous
bacterial ascitic peritonitis occurs in 9% of hospitalized
patients with liver cirrhosis and ascites and accounts for
25% of all infections in patients with liver cirrhosis [4].
Mortality due to untreated spontaneous bacterial perito-
nitis can reach up to 90% in patients with decompensated
hepatic cirrhosis, but it decreases significantly, by up to
20%, with early diagnosis and prompt initiation of treat-
ment [5].

In this article, the early initiation of treatment will be
discussed using a patented procedure developed at the
Scientific Research Laboratory of Hepatic Surgery, Nicolae
Testemitanu State University of Medicine and Pharmacy for
patients with cirrhosis.

The aim of the research is to determine the possibil-
ities of laparoscopy with sanitation and drainage of the
abdominal cavity, combined with postoperative perito-
neal lavage with antibiotics, in the treatment of sponta-
neous ascitic peritonitis in patients with decompensated
liver cirrhosis.

Materials and methods

We conducted a retrospective descriptive study on pa-
tients admitted with decompensated liver cirrhosis and as-
cites, and peritonitis between January 2012 and December
2021. Patients who underwent surgical drainage of the ab-
dominal cavity by laparoscopy with postoperative peritone-
al lavage with antibiotics were selected. The patients were
treated at the Constantin Tibirna Surgery Department No.2,
Holy Trinity Municipal Clinical Hospital, and the Scientific
Research Laboratory of Hepatic Surgery, Nicolae Testemita-
nu State University of Medicine and Pharmacy. The data
were extracted from the medical records of the hospital ar-
chive, and a patient database was compiled. Data analysis
was performed using simple statistical calculations.

The study consists of analyzing the role of laparoscopic san-
itation of the abdominal cavity in patients with liver cirrhosis
and spontaneous bacterial ascites. The study was approved by
the Research Ethics Committee of Nicolae Testemitanu State
University of Medicine and Pharmacy - Minutes no. 15 from
28.02.2022. The project was funded by the National Agency
for Research and Development of the Republic of Moldova and
conducted at a large tertiary medical center - the Holy Trinity
Municipal Clinical Hospital. Patients with non-cirrhotic asci-
tes were not considered for evaluation.

All patients underwent a diagnostic algorithm consist-
ing of:

¢ Chest radiography to evaluate pleuritis.

e Esophagogastroduodenoscopy to prevent possible
bleeding. Preoperative endoscopic fibrin glue filling
of the esophageal and gastric varices was performed
on 49 patients (60%) (Figure 1).

¢ Laboratory analysis of ascitic fluid, including ascitic
neutrophil count and ascitic fluid culture.

¢ General analysis of urine and blood.

¢ Ultrasonography of the abdomen and pelvis.

¢ The diagnosis of SBP was based on criteria recom-
mended by the International Ascites Club and pub-
lished in 2000 [6].

Preoperative management

All patients received thorough preoperative prepara-
tion, including evaluation and correction of hepatic status,
thoracocentesis, and dosed preoperative microlaparocente-
sis (Figure 2), with perfusion of albumin to avoid post-para-
centesis circulatory dysfunction and to reduce acute hepatic
failure.

Dosed microlaparocentesis consisted of abdominal cavi-
ty puncture on the abdominal flank with a 14G vein cannula
under local anesthesia with 2% lidocaine solution (2 ml) to
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evacuate ascitic fluid through the perfusion drainage sys-
tem in a dosed manner. This avoids circulatory dysfunction
post-paracentesis. During the same session, albumin (6-8
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g/1), hepatoprotective drugs, and prokinetic drugs were ad-
ministered according to the national protocol for ascites in
cirrhotic patients [7].

ndoscopic fibrin glue filling of

varices

Fig. 1 Preoperative management of patients with decompensated liver cirrhosis and
ascites complicated by spontaneous bacterial peritonitis — preoperative endoscopic
fibrin glue filling of the esophageal and gastric varices.

Minimally invasive surgical treatment of SPB

The minimally invasive surgical treatment of patients

with cirrhosis and SPB includes two stages:

1. Laparoscopic complete evacuation of ascitic fluid
with peritoneal lavage and drainage of the abdominal
cavity.

2. Under general anesthesia, the first, optical, trocar was
placed through the umbilical site. The working trocar,
5 mm in size, was placed on the right flank. Through
the working trocar, the entire abdominal cavity was
reviewed, and all the ascitic fluid from all spaces was

Fig. 2 Preoperative management of patients
with decompensated liver cirrhosis and ascites
complicated by spontaneous bacterial peritonitis
- dosed microlaparocentesis with a 14G venous
catheter.

evacuated, allowing for the inspection of abdominal
organs (Figure 3).

The next step is to debride all fibrinous smudges and
adhesions from the intraperitoneal cavity (Figure 3A) and
the parietal peritoneum and diaphragm (Figure 3B). Then,
lavage is carried out with 1.0-2.0 L of saline, which is com-
pletely aspirated. A mixture containing hyaluronidase (640-
1080 CU) dissolved in 200-400 ml of saline and ceftriaxone
(2-4 g) is then introduced simultaneously. Drainage tubes
are placed in the Douglas pouch and right subdiaphragmat-
ic space (Figure 3C).

Fig. 3 Laparoscopic sanitation and drainage of the peritoneal cavity in a patient with decompensated liver cirrhosis
and spontaneous bacterial peritonitis.
A. and B. - Fibrin debridement and sanitation of the peritoneum; C - Drainage placement in the abdominal cavity.
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Post-operative irrigation of the abdominal cavity

In the postoperative period, third-generation cepha-
losporins and ciprofloxacin, along with the hyaluronidase
enzyme and 2-3 L of saline solution, were introduced dai-
ly through the drainage tubes and removed after several
hours. This procedure, called post-operative irrigation of
the abdominal cavity, was performed daily for 5 days.

Postoperative lavage of the peritoneal cavity removes
residual fibrin and infections, decreases peritoneal edema,
and improves its absorbent properties.

82 patients with decompensated liver cirrhosis and as-
cites for more than one month prior, and SBP indicated by
an ascitic neutrophil count >250 cells/mm? in the absence
of an intra-abdominal and surgically treatable source of
sepsis were analyzed. These patients underwent diagnos-
tic-therapeutic laparoscopy with sanitation and drainage of
the abdominal cavity, followed by postoperative lavage and
antibiotics.

Inclusion criteria: decompensated liver cirrhosis with
ascites for more than one month prior; SBP indicated by an
ascitic neutrophil count >250 cells/mm? or patients with
positive bacteriological examination of ascitic fluid.

Exclusion criteria: absence of any other sources of infec-
tions, such as pneumonia, renal infections, surgical treated
source of intrabdominal infections; encephalopathy; any
states that serves as contraindication for pneumoperitone-
um; patients with non-cirrhotic ascites; pleuritis; patients
with pneumonia.

Results

Patients’ characteristics are shown in Table 1. The mean
MELD (Model for End-Stage Liver Disease) score in this
group was 21. Most of the patients had liver cirrhosis of vi-
ral etiology, primarily of HCV origin (Figure 4).

Table 1. Demographic and clinical data

No. 82
Gender

Male 49 (60 %)
Female 33 (40 %)
Age 53.9 (range, 28 - 71)
Child-Pugh Class C 82 (100%)
MELD score 21(9-31)
Serum bilirubin (mg/dL) 40 (26-38)
Serum albumin (g/dL) 20 (14-24)
Prothrombin time (%) 58 (40-65)
Serum creatinine (mg/dL) 93 (70-120)
Prophylactic endoscopic sealing 49 (60 %)
of eso-gastric varices

Time of diagnosis establishment from 72h
admission to hospital

Time of onset of ascites 15 months
Recent evacuation laparocentesis, 1 month 9

Following the analysis of the patient group, it was ob-
served that patients with liver cirrhosis and decompensated
ascites who were diagnosed with SBP through the analysis
of ascitic fluid by diagnostic laparocentesis did not present
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Fig. 4 Major etiological factors of liver cirrhosis.

a specific clinical picture, nor did they have significant com-
plaints. A classic clinical picture that would clearly indicate
a diagnosis of SBP was present in only 24 patients, specifi-
cally those with bacteriascites. Most patients exhibited gen-
eral symptoms, such as general asthenia and intestinal mo-
tility disorders. Some patients had nonspecific abdominal
symptoms, such as mild abdominal pain, constipation, or
frequent semi-formed stools, and only 10 out of 82 patients
with spontaneous bacterial peritonitis experienced abdom-
inal pain with signs of peritonism (Table 2).

Table 2. Symptoms and signs of spontaneous bacterial peritonitis and
its variants

Symptoms and signs SBP Bacteriascites CNNA
82 pt(100%) 24 pt (29.2%) 58 pt
(70.7%)
Abdominal pain 14 (17 %) 12 (85.7) 2(14.2)
Abdominal tenderness 46 (56 %) 24 (52.1) 22 (47.8)
Rebound 10 (19 %) 7 (70%) 3 (30%)
Nausea 34 (41.4%) 20 (58.8) 14 (41.1)
Fatigue 67 (81.7 %) 24 (35.8) 43 (64.1)
Vomiting 17 (20.7 %) 9 (52.9) 8 (47.0)
Fever 9 (10.9 %) 7 (77.7) 2(22.2)
Diarrhea 21 (25.6 %) 8 (38.0) 13 (61.9)
Constipation 38 (46.3 %) 30 (78.9) 8(21.0)
Signs of dynamic ileus 3(3.6%) 3 0

Encephalopathy 21 (25.6 %) 18 (85.7) 3(14.2)
Upper digestive bleeding 17 (20.7 %) 14 (82.3) 3(17.6)

Note: SBP - Spontaneous Bacterial Peritonitis; CNNA - Culture-Negative
Neutrocytic Ascites.

The volume of ascitic fluid withdrawn per paracentesis
ranged from 8 to 16 L. The ascitic protein content was 14
g/L, and the mean neutrophil count was 290 cells/mm?.
Positive ascitic fluid bacterial culture was detected in 29.2%
of patients (24 patients), while 70.7% (58 patients) had cul-
ture-negative neutrocytic spontaneous bacterial peritonitis.
Ascitic fluid characteristics are shown in Table 3. The vari-
ants of SBP in our study population are shown in Figure 4.
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Fig. 4 Positive ascitic fluid bacterial culture was detected in
29.2% of patients (24 patients); 70.7 % (58 patients) had culture-
negative spontaneous bacterial peritonitis.

Table 3. Ascitic fluid characteristics.

Average volume of ascitic fluid withdrawn per
paracentesis (L) (range)

11 (8-16)

Neutrophil count/ mm? (range) 29 0 (180-350)
370 (280-580)
14 (5-47)

63 (45-90)

Total cell count/ mm?® (range)

Protein content (g/L)
LDH, U/L
Note: LDH - Lactate Dehydrogenase.

Based on the bacteriological evaluation, the most fre-
quent bacterial species was E. coli, found in 54.1% of pa-
tients (13 patients). No cases of anaerobic infection were
registered.

Table 4. Bacterial species detected in ascitic fluid

Microbial agents in ascitic fluid simple No. of patients (%)

Escherichia coli 13 (54.1)
Staphylococcus aureus 4 (16.6)
Streptococcus haemolyticus 3(12.5)
Klebsiella pneumoniae 2(8.3)
Staphylococcus epidermidis 2(8.3)

In the early postoperative period, patients subjectively
reported an improvement in their general condition and did
not present complications related to the surgery. Mortality
at 1 month was 8.5% (7 patients) due to progressive liver
failure. Readmissions for SBP at 1 month were 6% (5 pa-
tients).

Discussion

The current theory of the pathogenesis of SBP in pa-
tients with cirrhosis and ascites suggests that repeated ep-
isodes of bacterial translocation from the intestinal lumen
to the mesenteric lymph nodes lead to systemic bacterial
inoculation, representing key steps in the development of
SBP. However, most episodes of systemic bacteremia remain
undetected [8].
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Patients with SBP may present with intestinal ileus,
fever, diffuse abdominal pain, and a palpable abdomen
with diffuse, unclear peritoneal signs. However, up to one-
third of patients with spontaneous peritoneal infections
may be completely asymptomatic or present with only
encephalopathy and/or acute renal failure [9, 10]. The
diagnosis of SBP is established by performing laparocen-
tesis on admission, which reveals an absolute neutrophil
count in the ascitic fluid greater than 250/mm? [11]. As-
cites itself is not fatal unless it becomes infected (sponta-
neous bacterial peritonitis). The infection, in turn, often
precipitates hepatorenal syndrome, increases the risk of
bleeding from esophageal varices, and, if left untreated,
can lead to death [12].

Intestinal permeability dysfunction in patients with
decompensated liver cirrhosis is the primary event trig-
gering spontaneous bacterial peritonitis. The passage of
infection into the ascitic fluid initiates an inflammatory
process, manifested by an increase in the number of neu-
trophils [2, 13].

According to the 2021 Practice Guideline of the Ameri-
can Association for the Study of Liver Diseases (AASLD), di-
agnostic laparocentesis should be performed in all patients
with ascitic syndrome, even if they do not present obvious
clinical signs of infection [14]. The diagnosis of spontaneous
bacterial peritonitis in patients with liver cirrhosis and as-
cites is established based on both the general and bacterio-
logical examination of the ascitic fluid [15].

The bacteriological examination of the ascitic fluid is
performed before the initiation of empirical antibacterial
therapy [15]. At the patient’s bedside, at least 10 ml of ascit-
ic fluid is collected and inoculated into a blood culture test
tube, with evaluation done for both aerobic and anaerobic
germs. At the same time, the patient’s venous blood is col-
lected for blood culture examination. The simultaneous col-
lection of blood and ascitic fluid samples during the bacteri-
ological examination increases the sensitivity of the method
for detecting the microorganism involved in triggering SBP
by 90% [16].

According to literature data, spontaneous bacterial
peritonitis is typically a mono-bacterial infection, most fre-
quently caused by gram-negative bacteria (in 60% of cases).
The causative agent is usually specific to the intestinal flo-
ra, with Escherichia coli being the most common, followed
by Klebsiella pneumoniae, Staphylococcus aureus, Entero-
coccus faecalis, and Enterococcus faecium [17]. However,
there has been a recent increase in cases of SBP caused by
gram-positive bacteria, including multidrug-resistant and
quinolone-resistant strains. Gram-positive germs involved
are Streptococcus spp., Enterococcus spp., and Staphylococ-
cus spp.- [18, 19].

Laparocentesis performed more than 48 hours after
hospitalization, with the detection of SBP, is considered a
nosocomial infection; multidrug-resistant bacteria are most
frequently detected. Patients with decompensated liver cir-
rhosis, due to frequent hospitalizations and repeated expo-
sure to invasive procedures and antibiotic administration,
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either for treatment or prophylaxis, often develop infections
caused by multidrug-resistant bacteria, accounting for 35%
of all infections [19].

With the initiation of antibacterial therapy and the pro-
phylaxis of primary and recurrent SBP using norfloxacin,
the detection of quinolone-resistant organisms in ascitic
fluid has been increasingly reported, being attributed to
nosocomial SBP [20].

Despite the use of high-sensitivity methods for detecting
microorganisms in ascitic fluid, bacterial culture remains
negative in up to 60% of cases of SBP confirmed by laparo-
centesis with neutrophils 2250 cm? [6].

According to the bacteriological result of the ascitic fluid
and the presence of neutrophils we can differentiate:

e spontaneous bacterial peritonitis (classic) - neutro-
phils in the ascitic fluid are 2250/cm?® and the bac-
teriological examination is positive, which could be
mono-bacterial or poly-bacterial.

e neutrophilic spontaneous peritonitis, culture-nega-
tive — neutrophils in the ascitic fluid are = 250/cm?,
and the bacteriological examination is negative.

e spontaneous bacterial peritonitis, or bacteriascites -
neutrophils in the ascitic fluid are < 250/mm?® and the
bacterial culture of the ascitic fluid is positive' [21].

In the group of patients investigated, the analysis of the
protein level in the ascitic fluid showed that, in most cases,
the protein level averaged 14 g/L. Runyon demonstrated
that cirrhotic patients with protein levels in the ascitic fluid
below 1 g/dL are 10 times more likely to develop SBP [22].
Thus, the antibacterial and opsonic activity of ascitic fluid
is closely correlated with the protein concentration. Studies
have confirmed that the ascetic fluid protein concentration
is an essential predictor of the first episode of SBP [23, 24].
However, there were patients with a positive ascitic fluid
culture confirming the diagnosis of SBP, but with high pro-
tein levels detected in the ascitic fluid, up to 47 g/L. These
patients also presented with large fibrin deposits at lapa-
roscopy.

Bacterial infection in patients with liver cirrhosis is the
most frequent trigger of acute-on-chronic liver failure [25].
Acute-on-chronic liver failure in cirrhosis is a syndrome
characterized by acute decompensation, organ failure, and
high mortality [25, 26]. In the analyzed study group, mor-
tality at 1 month was 8.5% (7 patients) due to progressive
liver failure. Bacterial infections, especially spontaneous
bacterial peritonitis, are a major problem and a significant
prognostic factor in patients with acute-on-chronic liver
failure [25, 26].

Conclusion

Spontaneous bacterial peritonitis has multiple variants
and can be misdiagnosed due to the lack of specific signs
and symptoms. In patients with ascites and cirrhosis, SBP
may represent a source of latent abdominal sepsis. The
laparoscopic approach enables both the diagnosis of latent
spontaneous peritonitis and thorough peritoneal lavage,
along with the installation of intra-abdominal drains and
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postoperative lavage of the abdominal cavity to improve
peritoneal absorption function. Post-operative fractional
lavage of the abdominal cavity facilitates better cleaning,
enhancing peritoneal absorption. Thus, minimally invasive
laparoscopic access constitutes a safe treatment option for
patients with SBP and liver cirrhosis.
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