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Spontaneous bacterial peritonitis (SBP) is a potentially life-threatening 

complication of ascites diagnosed by paracentesis. We determined 

predictors of SBP to facilitate patient selection. The 301 paracenteses 

performed in 119 patients (51 women, 68 men) from July to November 

2015 were retrospectively reviewed. Presentation, lab data, depth of 

the deepest ascites pocket on ultrasound, total volume of ascites re-

moved, absolute neutrophil count, and complications were studied. Of 

301 paracenteses, 16 (5%) diagnosed SBP. On univariate analysis, SBP 

was associated negatively with history of cirrhosis and positively with 

history of cancer, abdominal pain, greater depth of the fluid pocket, 

prior SBP, and leukocytosis. Multivariate analysis using these variables 

to predict SBP was significant (P < 0.0001); only depth of the largest 

fluid pocket (P = 0.008) and complaint of abdominal pain (P = 0.006) 

were independent predictors. Receiver-operator curve analysis showed 

that a 5-cm cutoff of pocket depth yielded 100% sensitivity and 32% 

specificity. Two (0.1%) hemorrhagic complications occurred, one causing 

death and one necessitating laparotomy. In conclusion, deeper ascites 

pockets and abdominal pain are independent predictors of SBP. When 

the largest ascites pocket is <5 cm, the probability of SBP is nearly 

negligible. Given the potential for hemorrhagic complications, findings 

may help triage patients for paracentesis.

P
aracentesis is recommended for symptomatic relief, di-
agnosis of ascites etiology, and exclusion of spontane-
ous bacterial peritonitis (SBP), which can be fatal in 
20% of patients (1, 2). Paracentesis has been shown to 

shorten hospital stay and prevent complications such as hypo-
natremia, hepatic encephalopathy, and hepatorenal syndrome 
(3). One major complication of paracentesis is hemorrhage, 
with an incidence of <1% (4). Studies have not defi ned risk 
factors for bleeding complications (5). Given its low complica-
tion rate and diagnostic and therapeutic value, paracentesis is 
performed on a large scale. Among nearly 18,000 admissions 
for ascites or encephalopathy, diagnostic workup for over 60% 
of patients included paracentesis (6). Given that the exposure 
to paracentesis procedures is so large, hemorrhage, while rare, 
is encountered. Certain paracenteses are performed only for di-
agnostic purposes, to evaluate for SBP, an uncommon diagnosis 
(7). Given the rarity of SBP and the potential for hemorrhagic 
complications, it would be helpful to defi ne factors associated 
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with SBP to aid in patient selection and avoid unnecessary 
adverse events. Th e aim of this study was to identify patient 
and imaging characteristics that increased the risk for SBP to 
optimize the diagnostic role of paracentesis and minimize pa-
tient exposure to procedural risks. 

METHODS
Th is retrospective study was approved by the institutional 

review board and was compliant with the Health Insurance 
Portability and Accountability Act. Consecutive ultrasound-
guided paracentesis procedures from July 2015 to November 
2015 at a single institution were analyzed. Indications were 
for therapeutic and/or diagnostic purposes. Paracentesis was 
performed by physician members of the vascular and inter-
ventional radiology section. After preparing and draping in 
usual sterile technique and administering lidocaine for local 
anesthesia, using ultrasound guidance an 8Fr pigtail drainage 
catheter (Total Abscession, Angiodynamics, Latham, NY) or 
an 18-gauge needle was advanced into the largest pocket and 
secured to the skin for drainage, with an image of the largest 
pocket saved, as described previously (4). All specimens were 
sent for evaluation of cell count and culture. For therapeutic 
paracentesis, all fl uid was removed; for paracentesis performed 
only for diagnostic purposes, 20 to 60 cc were removed. SBP 
was defi ned by absolute neutrophil count (ANC) ≥250 cells/
mm3 and/or positive fl uid culture (8). Ascitic fl uid charac-
teristics and the patient’s underlying condition, presenting 
symptoms, and laboratory data were also analyzed. In total, 
309 paracentesis procedures were performed over the study 
period. Eight were excluded due to the absence of laboratory or 
imaging data. Th e 301 remaining procedures were performed 
in 119 patients (51 women, 68 men) with a mean age of 62.5 
± 1.2 years. 
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positive correlation between the depth of the  largest pocket 
and total volume of ascites drained (r = 0.37, P < 0.0001).

Next, multiple logistic regression was performed to assess 
the impact of the variables with signifi cant diff erences on uni-
variate analysis (prior SBP, diagnosis of cirrhosis, diagnosis of 
cancer, abdominal pain, depth of largest fl uid pocket, and serum 
white blood cell count) on the diagnosis of SBP. Only two vari-
ables were independent predictors, specifi cally the depth of the 
largest fl uid pocket (P = 0.008) and complaint of abdominal 
pain (P = 0.006). A receiver-operator curve analysis of pocket 
depth and SBP diagnosis had an area under the curve of 0.73 
(P = 0.002); at a cutoff  of 5 cm, sensitivity was 100% and 
specifi city was 32%.

Of the 301 cases, there were two major adverse events 
(0.67%), specifi cally hemorrhage requiring emergent lapa-
rotomy and hemorrhage resulting in death. A multiple logistic 
regression was performed with all the variables assessed for SBP 
plus platelet count and international normalized ratio (INR) as 
input variables, and hemorrhagic complication as the outcome 
variable. Th e resultant model was not signifi cant (P = 0.06) 
and there were no independent predictors. Th e average platelet 
count for cases with and without complications was 77.5 and 
148.9 K/μL (P = 0.39). Th e average INR for cases with and 
without complications was 1.2 and 1.3 (P = 0.39).

DISCUSSION
Multiple variables, including abdominal pain, cirrhosis, 

cancer, prior SBP, white blood cell count, and amount of as-
cites, may be associated with SBP (9). Th e primary fi nding of 
this study is that only abdominal pain and depth of the larg-
est fl uid pocket were independent predictors of SBP. Th ough 
abdominal pain is considered the hallmark of SBP (10), its 
utility as a tool to predict a positive diagnosis of SBP is limited 
by its low specifi city, as accumulation of ascites alone can lead 
to abdominal pain. Increased depth of fl uid pocket was associ-
ated with SBP. Despite the positive correlation between largest 
pocket depth and total ascites volume drained, total volume 
drained did not diff er between patients with and without SBP. 
Th is may be because not all of the fl uid was removed in every 
patient, or a certain threshold amount of fl uid is needed to 
create conditions permissive of SBP. Depth of largest pocket is 
an indirect estimate of the total volume of ascites and is readily 
measurable with ultrasound and therefore is useful as a clinical 
tool. Receiver-operator curve analysis and the fi nding that no 
patient with a fl uid pocket <5 cm in depth had SBP suggest 
that a 5-cm cutoff  may help to exclude certain patients with 
low-volume ascites from the need for paracentesis, potentially 
avoiding unnecessary exposure to procedure-related risks. Th is 
patient population is of particular importance to interventional 
radiologists, who are likely to be consulted in cases of small-
volume ascites necessitating ultrasound guidance.

In this study, clinical fi ndings such as fever and confu-
sion were not helpful in selecting patients for paracentesis. 
Indeed, overall physician clinical impression carries a low 
sensitivity of 76% and specifi city of 34% (11). In our study, 
none of the paracenteses performed for diagnostic purposes 

Statistical analysis was performed with GraphPad Prism 7 
(GraphPad Software, San Diego, CA), with P < 0.05 used for 
statistical signifi cance. Data are presented as mean ± standard er-
ror. Student’s t test and Fischer’s exact tests were used to compare 
means and frequencies. Logistic regression was used to assess 
the impact of laboratory and clinical variables on the outcome 
of SBP or complications.

RESULTS
Of the 301 procedures, 185 were performed in men and 

116 in women. Of the 301 ultrasound-guided paracenteses, 
219 cases were associated with liver cirrhosis, 105 with cancer, 
and 45 cases with both liver cirrhosis and cancer. Of the 301 
paracenteses studied, 16 resulted in diagnoses of SBP (5%), 
whereas 275 did not. Fifteen of the 16 cases were diagnosed 
based on ANC ≥ 250 cells/mm3; the other case was diagnosed 
based on a positive culture with Citrobacter freundii and had an 
ANC of 123 cells/mm3. Of the remaining 15 cases, 13 had 
negative cultures and 2 had positive cultures (Enterococcus 
 faecium and Citrobacter freundii). Among the 275 negative 
cases, three had positive cultures considered contaminants (one 
with  Staphylococcus simulans and two with Propionibacterium 
acnes).

Univariate analysis comparing positive and negative cases 
demonstrated that positive cases signifi cantly diff ered from neg-
ative cases in having decreased diagnosis of cirrhosis, increased 
diagnosis of any type of cancer, more abdominal pain, a larger 
depth of the largest fl uid pocket, increased rate of prior SBP, 
and increased serum white blood cell count (Table). In contrast, 
serum sodium, total ascites drained, the presence of fever or 
confusion, gender, age, and indication for diagnostic evaluation 
only did not signifi cantly diff er between groups. Th ere was a 

Table. Univariate analysis comparing cases with and without a 
diagnosis of spontaneous bacterial peritonitis 

Variable
No SBP 

(n = 275)
SBP 

(n = 16)
P 

value

Abdominal pain 20% 75% <0.001

Fever 2.5% 6.3% 0.36

Confusion 3.5% 6.3% 0.46

Cirrhosis 73% 31% <0.001

Cancer 31% 69% 0.004

Diagnostic only 6.3% 0% 0.61

Male gender 63% 38% 0.06

Age (years) 63.0 ± 0.7 61.9 ± 3.7 0.71

Prior SBP 19% 50% 0.008

Sodium 133.6 ± 0.7 135.8 ± 1.4 0.47

White blood cell count (cells/cc3) 6.5 ± 0.3 11.0 ± 1.5 <0.001

Depth of largest pocket (cm) 6.2 ± 0.2 7.7 ± 0.4 0.008

Total volume drained (L) 4.7 ± 0.2 4.6 ± 0.8 0.83

SBP indicates spontaneous bacterial peritonitis.
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only yielded a diagnosis of SBP, suggesting that clinicians 
were not successful in selecting patients at high risk of SBP. 
Given the diffi  culty of predicting which patients have SBP 
based on clinical features, and the low frequency of SBP (6% 
in the current study) in all patients undergoing paracente-
sis, knowledge that SBP is exceedingly rare in patients with 
minimal ascites is helpful.

Th e overall major adverse event rate in this study was 0.9%, 
including two hemorrhagic complications. No risk factors were 
identifi ed, possibly due to the low number of cases. In both 
cases, INR was <1.5 and platelet count >50. Similarly, bleeding 
after paracentesis has not been reported to be related to operator 
experience, elevated INR, or low platelet count (5). Ascitic fl uid 
leakage and bowel perforation and infection are other major 
adverse events associated with SBP (12), but did not occur 
in any of the procedures in our series. As there are no known 
variables predictive of major adverse events including bleeding, 
it is important to defi ne selection criteria and exclude patients 
for diagnostic paracentesis. Th ough the reported mortality rate 
associated with paracentesis is small, 0.16% to 0.39% (5, 12), 
our fi ndings suggest that certain patients could be excluded 
based on the ascites pocket depth to minimize the exposure to 
potential adverse events. 

Th e primary limitations of this study are based on its single-
center retrospective nature. Our sample size of 301 procedures 
performed over the course of 6 months at our institution may 
not be suffi  cient to identify risk factors of rare outcomes, e.g., 
adverse events. Given that only 2 adverse events were observed 
in our study, the statistical power to identify risk factors was lim-
ited. A prospective study can validate our fi ndings regarding the 
suggested 5-cm threshold for selecting patients for diagnostic 
paracentesis. It was interesting that total ascites drained corre-
lated to depth of the largest pocket, but did not diff er between 
patients with and without SBP. One study limitation is that the 
presence of loculations was not documented in the chart, and 
therefore it is possible that not all the fl uid was removed. Also, 
we report a higher than expected rate of SBP among patients 
with a cancer diagnosis. Future studies could assess whether 

malignancy-related SBP is associated with undocumented liver 
failure and portal hypertension (13, 14). 
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