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Abstract

Background and Aim In patients with spontaneous bacterial peritonitis (SBP), studies show that delayed paracentesis (DP)
is associated with worse outcomes and mortality. We aimed to assess the rate of DP in the community setting and associated
factors with early versus delayed paracentesis.

Methods Patients hospitalized with SBP were retrospectively studied between 12/2013 and 12/2018. DP was defined as para-
centesis performed > 12 h from initial encounter. Data collected included: patient factors (i.e., age, race, symptoms, history
of SBP, MELD) and physician factors (i.e., admission service, shift times, providers ordering and performing paracentesis).
Logistic regression analysis was performed to assess for factors associated with DP.

Results DP occurred 82% of the time (n=97). The most significant factors in predicting timing of paracentesis were order-
ing physician [emergency department (ED) physician was associated with early paracentesis (57% vs 8%, p <0.001) and
specialty of physician performing paracentesis (interventional radiology was associated with DP (88% vs 48%, p <0.001)].
Younger patients were more likely to receive early paracentesis. In regression analysis, the factor most associated with early
paracentesis was when the order was made by the ED provider (OR 0.07, 95% CI 0.02-0.22). No differences were observed
in patients with prior history of SBP, abdominal pain, encephalopathy, or creatinine level.

Conclusions Studies have suggested that DP is associated with increased mortality in patients with SBP. Despite this, DP is
common in the community setting and is influenced by ordering physician and specialty of physician performing paracentesis.
Future efforts should assess interventions to improve this important quality indicator.
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Introduction low [5], necessitating a diagnostic paracentesis for correct

identification.

Spontaneous bacterial peritonitis (SBP) is the most frequent
infectious complication in hospitalized patients with cirrho-
sis [1]. Mortality rates have been observed up to 46% in-
hospital and 66% at 12 months in patients with SBP [2—4].

The presentation of SBP is often atypical, with too few
symptoms or with signs and symptoms common to other
conditions making clinical identification a challenge. Yet
the prevalence is significantly high in hospitalized patients
with cirrhosis and ascites even when clinical suspicion is
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Given the high mortality and frequency of SBP in hos-
pitalized cirrhotic patients with ascites, society guidelines
have recommended paracentesis performed in any patient
with cirrhosis and ascites admitted to the hospital [6, 7].
However, despite these practice guideline recommendations,
diagnostic paracentesis is done in only 61% of indicated
patients within the USA [8]. Accordingly, a set of quality
indicators were developed by an expert panel for the care of
patients with cirrhosis, in which a diagnostic paracentesis in
patients admitted to the hospital was identified as one of the
most important explicit indicators of quality [9].

Previous studies have observed increased in- and out-of-
hospital mortality following delays in the performance of
paracentesis. In a multicenter study comparing early par-
acentesis (EP) vs delayed paracentesis (DP), there was a
2.7-fold increased risk of mortality in hospitalized patients
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with SBP receiving DP [10]. As shown by the Cooperative
Antimicrobial Therapy of Septic Shock (CATSS) Database
Research Group, the timely diagnosis of SBP is crucial as
each hour in delay is associated with a twofold increase in
in-hospital mortality [11]. In a study analyzing veteran inpa-
tients with cirrhotic ascites, early paracentesis was as impor-
tant as MELD in predicting intermediate term survival fol-
lowing SBP [12]. Although a clear benefit is observed, firm
conclusions to reasons for underutilization of EP is lacking.

The aim of this study is to evaluate the rate of DP in cir-
rhotic patients with SBP admitted to the community hospital
setting along with barriers associated with early vs delayed
performance of paracentesis.

Methods
Study Overview

In this retrospective cohort study, we analyzed data on
patients with a diagnosis of SBP who were hospitalized in 1
of 4 community hospitals from December 2013 to Decem-
ber 2018. Trained abstractors collected patient data from
electronic medical records (EMR) using a standard proto-
col and data collection template. The patient cohort was
obtained from different hospitals that share the same inpa-
tient database and EMR. These four hospitals were selected
for their diverse populations and represent different areas
of Michigan.

This study was approved by the institutional review board
overseeing research performed at these hospitals.

Patients

Adult patients aged 18 years or over with a discharge diagno-
sis of SBP who underwent paracentesis during their inpatient
stay were included in the study. Patients with a history of cir-
rhosis and ascites on admission were eligible for inclusion.
Abstractors identified cirrhotic patients by medical history
and clinical findings consistent with cirrhosis. We excluded
those who were found to have other potential contributing
causes of peritonitis (including peritoneal dialysis patients,
active intra-abdominal malignancies, or previous history of
intra-abdominal organ transplantation).

SBP was defined using International Classification of
Diseases, 9th Revision-Clinical Modification (ICD-9) and
10th Revision-Clinical Modification (ICD-10) codes 567.23
and K65.2, respectively. Paracentesis was identified by
Current Procedural Terminology codes 49082 and 49083.
Patients were considered to have EP if it was performed
within 12 h from the moment of initial encounter with a
medical provider. The time of initial encounter was defined
by the date and time of evaluation provided in the clinical
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documents or the first order placed by a medical provider
in the EMR (whichever came first). The date and time of
paracentesis performed was defined by information obtained
in the procedure note or the time in which the ascitic fluid
analysis order was changed from “ordered” status to “in-
process” status (whichever came first).

Covariates

Data for all patients with a diagnosis of SBP were abstracted
directly from the EMR and included demographic charac-
teristics, clinical history, characteristics of clinical presenta-
tion, and laboratory values. Severity of hepatic dysfunction
was calculated using the Model for End-Stage Liver Disease
(MELD) score using the initial laboratory values on admis-
sion. Provider characteristics, including hospital location,
admission service, specialty of provider ordering and per-
forming paracentesis, and shift times of initial encounter
were also collected from the EMR.

The etiology of cirrhosis was obtained from the initial
providers’ documentations. If the etiology was not clearly
noted, it was obtained from the medical problem list or other
providers’ documentation notes. History of SBP, past medi-
cal history, and active malignancy were defined by identi-
fying the presence of documentation acknowledging such
history in the initial provider notes. The clinical symptoms,
physical examination findings, and home medications were
also obtained by the initial providers’ documentation. The
first recorded vital signs and laboratory values from the
EMR were used. If more than one ascitic fluid analysis was
performed during an admission, only the initial analysis was
used.

Outcomes

The primary outcome of interest was performance of DP
(> 12 h of initial encounter by medical provider) among all
patients diagnosed with SBP. Secondary outcomes included
factors associated with timing of paracentesis performed,
length of stay, and all-cause inpatient mortality.

Statistical Analysis

All data were analyzed using SAS for Windows®, version
9.4 (SAS Institute, Cary, NC). Categorical variables were
provided as counts or percent frequencies and were exam-
ined with Chi-square tests where appropriate (expected fre-
quency > 5 in 80% of cells); otherwise, Fisher’s Exact tests
were used. All continuous variables were provided as either
means (+ the standard deviation or median and 25th and
75th percentiles), followed by the minimum to maximum
dependent on the normality of the data. Continuous data
were examined with Wilcoxon rank sum tests. Multivariable
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logistic regression analysis for the primary outcome and for
inpatient mortality were performed using all covariates ana-
lyzed with a univariate p value <0.10 or those known to
specifically impact outcomes. WALD odds ratios were used
to assess significance with 95% confidence intervals. All
analysis used a 2-tailed alpha level of 0.05.

Results
Overall Characteristics of Study Cohort

During the study period, 216 patients were identified as
having a diagnosis of SBP with a paracentesis procedure
performed. These patients were analyzed for documentation
confirming a history of cirrhosis and ascites along with an
identifiable etiology.

Of the total patients identified, patients who did not have
cirrhosis after analyzing their charts were excluded (34
patients). Patients who had other competing causes of perito-
nitis such as secondary bacterial peritonitis, pancreatitis, or
infectious colitis (39 patients) and patients with ascitic PMH
counts <250 (16 patients) were excluded. Nine patients had
multiple admissions in which only the first available visit
was kept, rendering a total of 118 patients in our final analy-
sis. See Fig. 1 for more details.

The median age of patients was 62 years, 56.8% were
male, 59.7% were Caucasian, 50.4% of patients had Medi-
care/Medicaid insurance, and 41.2% had cirrhosis attrib-
uted to alcohol abuse. 18.5% of patients had a documented
history of previous SBP, and the median MELD score was
22.0 [interquartile range (IQR) 14.0-28.3]. Along with
SBP, patients identified with initial concomitant GI bleed,
encephalopathy, and elevated creatinine level were 15.1%,
38.7%, and 23.5%, respectively. Patient demographic charac-
teristics are listed in Table 1. Of the total number of patients
with SBP, 71.4% were admitted to a private (nonacademic)
service, 65.6% initially presented during a day shift (6
a.m.—6 p.m.), 80.7% received antibiotics prior to paracente-
sis, and 80.7% had paracentesis performed by interventional
radiology (IR) service. The median time to paracentesis in
those who received EP was 3.5 h (IQR 2.4-8.9) compared to
those who received DP which was 39.7 h (IQR 31.3-81.5)
(p<0.001).

Primary Outcome: Rate of Delayed Paracentesis

DP occurred in 82% of patients (n=97). No differences
were observed between all four hospital locations. The
median time to paracentesis from initial encounter with a
medical provider for all patients with SBP was 27.6 h (IQR
17.8-56.9). Of the patients who received DP, there were no
statistically significant differences in patient gender, race,

or service admitted to. The median length of stay (LOS) for
these patients was 7.7 days (IQR 4.0-11.9).

Patients who were most likely to have undergone DP were
those in which paracentesis was performed by IR service
(87.6% vs. 47.6%, p=0.0002). In comparison, EP was most
often performed when the order for paracentesis was made
by the emergency department (ED) provider (57.1% vs.
8.3%, p<0.0001), regardless of who performed the para-
centesis procedure (Fig. 2).

Secondary Outcomes: Factors Associated with Early
Versus Late Paracentesis

There was no statistically significant difference between
EP and DP in patients presenting with a prior history of
SBP (p=0.22), abdominal pain (p =0.10), encephalopathy
(p=0.06) , or creatinine level (p =0.32). Variables asso-
ciated with early versus delayed paracentesis are listed in
Table 2.

A multivariable logistic regression analysis adjusting for
age, sex, MELD score, shift time of paracentesis, provider
ordering paracentesis, the presence of encephalopathy, and
tachycardia was performed to identify independent factors
associated with EP vs DP during hospitalization. Para-
centesis ordered by the ED physician was associated with
decreased odds of receiving a DP [odds ratio (OR) 0.07;
95% confidence interval (CI) 0.02-0.22, p <0.05], regard-
less of which provider performed the procedure. The odds
of receiving DP was greater with younger age (per every
10-year interval) (OR 1.85; 95% CI 1.08-3.16, p <0.05) and
with increasing maximum heart rate (per every 10 bpm) on
initial presentation (OR 1.40; 95% CI 1.03-1.89, p <0.05)
(Table 3).

Length of Stay

Although unable to reach statistical significance, there
was a clinical trend toward longer median LOS in patients
who received a DP [7.7 days, (IQR 4.0, 11.9) compared to
patients with EP (5.9 days, (IQR 2.7, 8.5) (p=0.07)].

Inpatient Mortality

Patients were also assessed for inpatient mortality in which
40% (n=438) of all patients with SBP died during hospi-
talization. Of those who suffered inpatient mortality, 64.6%
(n=31) were Caucasian, 77.1% (n=37) were admitted to
a nonacademic service, 83.3% (n=40) received DP, and
12.5% (n=06) had the paracentesis ordered by an ED pro-
vider. The patients that died during hospitalization were
statistically more likely to have higher INR, MELD score,
creatinine, total bilirubin, and lactic acid levels, with lower
albumin levels compared to those who survived at discharge.
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Initial Cohort: Patients with
discharge diagnosis of SBPP
(ICD-9/10 codes) and
paracentesis performed (CPT
code) (n= 216)

Excluded (n= 39)

+ Competing causes of peritonitis
(Perforated bowel, peritoneal dialysis,
acute pancreatitis and/or infectious
colitis)

Excluded (n= 34)

+ Absence of documentation, imaging,
labs, history of cirrhotic complications
and/or identifiable etiology supporting
cirrhosis

Excluded (n= 25)

# Ascitic fluid analysis unavailable (n= 16)

+ Duplicate patients with multiple
readmissions (n=9)

Included in the primary
analysis (n=118)

Early Paracentesis (n=21)

Fig. 1 Flow diagram for cohort selection

Furthermore, patients with inpatient mortality were also
more likely to have hepatic encephalopathy (50%) than
those who were discharged alive (31%) (OR 2.23; 95% CI
1.04-4.75, p=0.037) (Table 4).

DP was found to be non-statistically associated with inpa-
tient mortality (OR 1.14; 95% CI 0.43-3.01, p=0.79). On
multivariable step-down logistic regression analysis adjust-
ing for age, sex, presence of encephalopathy, INR, MELD
score, creatinine, total bilirubin, and albumin levels, only
low albumin levels and higher MELD scores were signif-
icant predictors of inpatient mortality (OR 2.44; 95% CI
1.25-4.76) and (OR 1.05; 95% CI 1.003-1.09).
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Delayed Paracentesis (n= 97)

Discussion

Using data from four hospitals in which patients were
diagnosed with SBP, we found that approximately 80% of
patients underwent DP. In addition, the odds of receiving
DP was significantly less when the decision to pursue a
paracentesis was made by the ED provider. Of note, most
patients who received a DP were those in which the proce-
dure was performed by IR service. Furthermore, patients
who were younger and presented with a higher maximum
heart rate were also more likely to undergo DP.
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Table 1 Overall baseline description of patients and variables collected for analysis

Overall descriptive data of cohort

Frequency (n) Percent

Sex

Male 67 57

Female 51 43
Race

Caucasian 71 60

African American 44 37

Hispanic/Native American

Other 2 2
Insurance

Medicare 50 42

Medicaid 10 8

BlueCross 21 18

Molina 8

Humana 3 3

Private/other 26 23
Hospital location

Hospital 1 32 27

Hospital 2 19 16

Hospital 3 15 13

Hospital 4 52 44
Admission service

Academic 30 26

Private 85 71

Other 3 3
Provider ordering paracentesis

ED 20 17

Primary service 55 46

Gastroenterology service 19 16

Infectious disease service 3 3

ICU 15 13

Other 6 5
Provider performing paracentesis

ED 7

Primary service 6 5

Interventional radiology 96 81

ICU 8 7

Other
Shift time of initial encounter

6:00-18:00 78 66

18:01-5:59 40 34
Shift time of paracentesis order

6:00-18:00 97 82

18:01-5:59 21 18
Etiology of liver disease

Alcohol 49 41

Hepatitis B/C 22 19

NAFLD 38 32

Autoimmune 2 2
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Table 1 (continued)

Overall descriptive data of cohort

Frequency (1) Percent

History of SBP 22 18

On SBP prophylaxis 18 15

On antiplatelet and/or anticoagulation 22 18

History of renal disease 28 24

Active malignancy 28 24
Clinical history on initial presentation

Abdominal pain 85 71

Abdominal distention 104 87

Encephalopathy 46 39

GI bleed 18 15

Antibiotics administered prior to paracentesis 96 80.7

Inpatient mortality 48 40

Median IQR range

Age 62 56-69
Maximum temperature (°C) 36.8 36-37.4
Maximum heart rate (beats per minute) 104 92-120
Platelet count x 1000 (K/mcL) 189 120-175
INR 1.51 1.28-1.8
Creatinine level (mmol/dL) 1.25 0.90-2.70
Sodium level (mmol/L) 134 130-137
Total bilirubin level (mmol/L) 1.70 0.80-4.30
Albumin level (g/dL) 2.5 2.1-3.0
Lactic acid level (mmol/L) 2.5 1.5-4.9
MELD-Na score 22 14.0-28.3
Time to paracentesis (h) 27.6 17.8-56.9
Length of stay (days) 7.0 3.8-11.2

Variables Significantly Associated with Delayed Paracentesis
100 p<0.001

=0.002
90 P

80
70
60 m ED Provider
50 m IR Provider

40
m Other
30

20

0

Provider Ordering Paracentesis Provider Performing Paracentesis

Proportion of Delayed Paracentesis (%)

Fig.2 Percentage of patients who received a delayed paracentesis based on ordering provider and provider performing paracentesis
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Table 2 Patient demographics Early paracentesis Delayed paracentesis P value
and provider characteristics N=21 N=97
associated with early vs delayed
paracentesis Patient demographics
Female 9 (42.9%) 42 (43.8%) 0.94
Median age, years (min—max) 60 (34-76) 63 (30-89) 0.14
Caucasian race 13 (61.9%) 58 (59.8%) 0.86
Insurance
Medicare/Medicaid 11 (52.4%) 48 (49.5%) 0.61
BC/BS, Molina, Humana 4 (19.1%) 28 (28.9%)
Private/other 6 (28.6%) 21 (21.7%)
Hospital location
Hospital 1 8 (38.1%) 44 (45.4%) Ref
Hospital 2 7 (33.3%) 25 (25.8%) 0.65
Hospital 3&4 6 (28.6%) 28 (28.9%) 0.85
Etiology of liver disease
Alcohol 8 (61.5%) 40 (52.0%) 0.90
Hepatitis B/C 2 (15.4%) 21(27.3%)
Alcohol/Hep B/C 2 (15.4%) 10 (13.0%)
NAFLD 1(7.7%) 6 (7.8%)
Autoimmune 0 2 (2.5%)
Prior history of SBP 6 (28.6%) 16 (16.5%) 0.22
On prophylactic treatment 4(19.1%) 14 (14.4%) 0.74
On antiplatelet/anticoagulant 5(23.8%) 17/96 (17.7%) 0.54
Active malignancy 4(19.1%) 24 (24.7%) 0.78
History of DM 5(23.8%) 29 (29.9%) 0.58
History of renal disease 5(23.8%) 22 (22.7%) 1.00
Abdominal pain 18 (85.7%) 66 (68.0%) 0.10
Abdominal distention 19 (90.5%) 84 (86.6%) 1.00
GI Bleed 3(14.3%) 15 (15.5%) 1.00
Encephalopathy 12 (57.1%) 34 (35.1%) 0.06
MELD score (median, IQR) 23.2(15.4,28.3) 21.7 (13.8,28.2) 0.38
Max temperature °C (median, IQR) 36.7 (36.4,37.1) 36.9 (36.6,37.4) 0.26
Max heart rate, beats per minute (median, IQR) 92 (80, 118) 105 (97, 120) 0.07
White blood cell count, K/uL (median, IQR) 9.5(7.9, 14.0) 11.8 (7.6, 18.1) 0.15
Platelet count, K/pL. (median, IQR) 179 (124, 266) 167 (96, 236) 0.51
INR level (median, IQR) 1.50 (1.24, 1.68) 1.54 (1.30, 1.80) 0.38
Creatinine level, mmol/L (median, IQR) 1.42 (1.07, 2.40) 1.20 (0.90, 2.68) 0.32
Sodium level, mmol/L (median, IQR) 135 (128, 138) 134 (130, 137) 0.78
Total bilirubin level, pmol/L (median, IQR) 32 (14,91) 27 (15, 70) 0.97
Albumin level g/LL (median, IQR) 2.7(2.2,3.0) 24(2.1,3.0) 0.81
Lactic acid level, mmol/L (median, IQR) 2.90(1.5,6.7) 2.30(1.4,4.6) 0.47
Provider characteristics
Admission service
Private hospitalist service versus academic service 18 (85.7%) 66 (68.0%) 0.10
Provider ordering paracentesis
ED provider versus all others 12 (57.1%) 8 (8.3%) <0.0001
Provider performing paracentesis
IR provider versus all others 10 (47.6%) 85 (87.6%) 0.0002
Shift of initial encounter
Day (06:01-18:00) 12 (57.1%) 65 (67.0%) 0.39
Night (18:01-06:00) 9 (42.9%) 32 (33.0%)

Shift of paracentesis ordered
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Table 2 (continued)

Table 3 Factors associated with

delayed paracentesis

Early paracentesis Delayed paracentesis P value

Day (06:01-18:00) 14 (66.7%) 82 (84.5%) 0.069

Night (18:01-06:00) 7 (33.3%) 15 (15.5%)
Length of stay, days (median, IQR) 5.9 (2.7, 8.5) 7.7 (4.0,11.9) 0.07
Inpatient mortality 8 (38.1%) 40 (41.2%) 0.79
Factor Multivariable OR (95% CI) P value
Age (per every 10-year decrease interval) 1.85 (1.08-3.16) 0.03
Female 0.83 (0.39-1.75) 0.88
ED provider ordering paracentesis 0.07 (0.02-0.22) <0.0001
Heart rate (per every 10-bpm increase interval) 1.40 (1.03-1.89) 0.03
Encephalopathy 2.23 (1.04-4.75) 0.11

This data confirms that DP is common in patients with
SBP and discordant with current guidelines and recom-
mendations. Our findings are consistent with other studies
in which less than 60% of admissions met quality care cri-
teria [9, 13, 14]. Although this study was not designed to
answer a direct causal relationship, it was able to identify a
strong association between ED physicians’ orders and time
to performance of paracentesis. Correspondingly, in a study
assessing cirrhosis-associated ED visits, all complications
of cirrhosis had decreased over time except for SBP, which
continued to escalate [15]. A few explanations to these find-
ings seem plausible. First, the ED location may influence
utilization of quality care by facilitating interventions more
promptly. When the order for paracentesis is made by the
ED provider, it is done by the ED provider at bedside or
the need of such procedure is communicated and responded
to in a more urgent fashion. This is supported by the many
studies and guidelines published to increase ED consultation
efficiency [16]. However, in a national US survey, over 90%
of large hospitals report EDs operating at or over capac-
ity [17]. As such, extensive efforts have been targeted to
reduce overcrowding and improve patient flow by decreas-
ing total ED LOS [18]. Although no studies were found that
assess procedures times related to ED LOS, a 964% increase
in paracentesis procedures performed by IR is thought to
arise secondary to time constraints and reimbursements
[19]. Such outcomes may significantly reduce early bedside
paracentesis performed by ED physicians. This is further
supported by a recent quality improvement project where a
gap analysis performed to identify barriers to paracentesis
reported that time and personnel required in the ED were the
most common reasons cited [20].

Second, as the signs and symptoms of SBP are often atyp-
ical and non-specific, a low index of suspicion for SBP may
prolong time to paracentesis. This may explain the findings
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of those with higher heart rates being associated with DP.
However, in a study assessing 144 patients undergoing para-
centesis in the ED, physicians performed poorly at predict-
ing SBP using clinical characteristics and physician assess-
ment [5]. Nonetheless, this should not preclude nor delay
paracentesis in such patients. Another potential reason is
inadequate training in performing paracentesis procedures.
In a study assessing procedure rates performed by ED resi-
dents in a large emergency medicine program in the USA,
the average number of paracentesis performed was only 0.39
per year [21]. Such low rates are likely inadequate to be fully
comfortable with performing bedside paracentesis ultimately
leading to IR consultations and delayed paracentesis.

Interestingly, even a prior history of SBP did not affect
the rates of EP vs DP. Multiple studies have shown the recur-
rence rate of SBP in patients with previous episodes is >40%
[22, 23]. Given that a prior documented history did not affect
the timing of paracentesis is another troublesome finding as
recurrence of SBP is known to be associated with higher
mortality [24].

Although DP did not definitively influenced mortality
rates or LOS, a clinically significant increase in LOS trended
toward DP procedures, consistent with other studies [11-13,
28]. We also found 80.7% of patients received antibiotics
prior to paracentesis. Hence the timing of antibiotics may
have influenced the association between DP and mortality.
This practice may provoke a false sense of reassurance to
providers and obscure the presence of SBP when a DP is
performed.

This study, however, has its limitations. Studies with
larger populations are necessary to detect further differences
with statistical significance. Nonetheless, our population size
in a five-year period is comparable with other published lit-
erature assessing patients with SBP [10, 11, 24-29]. Karvel-
las et al. [11] analyzed aspects of antimicrobial therapy to
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Table 4 Patient demographics and provider characteristics associated with inpatient mortality

Alive at discharge N=71

Expired during hospitalization P value

N=438

Patient demographics
Female
Median age, years (min to max)
Caucasian race
Etiology of liver disease
Alcohol
Hepatitis B/C
Alcohol/Hep B/C
NAFLD
Autoimmune
Active malignancy
History of DM
History of renal disease
GI bleed
Encephalopathy
MELD score (median, IQR)
Max temperature °C (median, IQR)
Max heart rate, beats per minute (median, IQR)
White blood cell count, K/pL (median, IQR)
Platelet count, K/pL (median, IQR)
INR level (median, IQR)
Creatinine level, mmol/L (median, IQR)
Total bilirubin level, pmol/L (median, IQR)
Albumin level g/L. (median, IQR)
Lactic acid level, mmol/L (median, IQR)
Provider characteristics

Admission service

Private hospitalist service versus academic service

Provider ordering paracentesis
ED provider versus all others
Provider performing paracentesis

IR provider versus all others
Delayed paracentesis

32 (45.1%) 19 (40.4%) 0.62
62 (30-88) 62 (39-89) 0.96
40 (56.3%) 31 (64.6%) 0.37
26 (51.0%) 23 (54.8%) 0.92
12 (23.5) 11 (26.2%)

7 (13.7%) 5(11.9%)

5(9.8%) 2 (4.8%)

1(2.0%) 1 (2.4%)

18 (25.4%) 10 (20.8%) 0.57
22 (31.0%) 13 27.1) 0.65
19 (26.8%) 9 (18.8%) 0.31
10 (14.1%) 8 (16.7%) 0.70
22 (31.0%) 24 (50%) 0.037
18.9 (10.8, 26.7) 25.3(17.7, 30.7) 0.004
37.0 36.8 0.25
104 (92, 119) 107 (91, 120) 0.58
10.7 (7.3, 17.9) 12.8 (8.2 16.8) 0.24
155 (85, 228) 190 (110, 251) 0.20
1.41 (1.20, 1.70) 1.71 (1.42, 2.25) 0.003
1.14 (0.82, 2.40) 1.65 (1.09, 2.83) 0.049
1.3 (0.6, 3.2) 2.7(1.2,52) 0.004
2.7(1.8,4.0) 2.3(1.4,3.3) 0.001
1.9 (1.4,3.3) 3.6(2.3,5.9) 0.008
48 (67.6%) 37 (77.1%) 0.26
14 (19.7%) 6 (12.5%) 0.30
60 (84.5%) 36 (75%) 0.20
57 (81.4%) 40 (83.3%) 0.79

mortality in patients with SBP from an international multi-
center database over a 15-year time span, yielding a cohort
of 126 patients. In three studies assessing factors associated
with recurrence of SBP, 139 patients over a 4-year period,
124 patients over a 3-year period, and 111 patients in a
1-year analysis have contributed to practice changing results
[22, 24, 27]. In addition, other studies of patients with SBP
have shown in-hospital mortality rates of 37-81%, which
encompass similar results to our cohort, allowing generaliz-
ability to other populations with SBP [10, 11, 13, 27-29].
However, approximately 40% of our population had active
malignancy, which is considerably higher than other studies
that range from 7.2 to 18% [10, 13, 28]. This proportion may
reflect a sicker population; however, even small variations

can yield significant changes in the proportion of a small
sample size.

Moreover, a large proportion of our initial cohort was
excluded due to secondary bacterial peritonitis, which sug-
gests ambiguities and misdiagnosis codes that may hinder
correct acquisition of information. Nonetheless, our selec-
tion process consisted of a sensitive method of acquiring the
initial population followed by a negative selection criteria
to ensure a specified cohort. We used ICD-9/10 codes as
previous studies showed sufficient sensitivity and specific-
ity in identifying such patients. Kanwal et al. [14] found
high accuracy in database-derived definitions of cirrhotic
complications when compared with diagnoses derived by
structured and detailed review of charts. Specifically, the
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database definition of SBP using > 250 PMNs in ascitic fluid
analysis yielded an 88% PPV and 95% NPV in identify-
ing SBP. In an analysis of 2893 subjects, Nehra et al. [30]
found that the single ICD-9 code 567.23 for SBP carried a
specificity of 98.9% with a PPV of 84.1%. A recent study
evaluating the accuracy of ICD-10 codes for cirrhosis and
its complications in a nationwide sample found them to be
highly predictive and reliable, similar to validation studies
of ICD-9 codes [31].

Another limitation is the exclusion of subsequent admis-
sions for an individual patient. This was done to indepen-
dently analyze the association of factors to outcomes speci-
fied. As we defined history of SBP by the documentation
acknowledging such history, the exclusion of subsequent
admissions may have consequently weakened this approach.
We also did not differentiate between anticoagulation and
antiplatelet use as, per AASLD guidelines, coagulopathy
should only preclude paracentesis when there is clinically
evident fibrinolysis or DIC [32]. Furthermore, the 2019
society of Interventional Radiology suggests not withhold-
ing anticoagulation or antiplatelets for low-risk procedures,
including paracentesis [33]. However, these guidelines may
not be well known to non-GI and non-IR physicians.

Of note, the median time to paracentesis was 27.6 h (IQR
17.8-56.9), signifying that most cases were within the time
definition of community-acquired SBP. There were 20 cases,
however, where the diagnosis of SBP was made after 72 h,
of these 40% (n=_8) were diagnosed within 5 days and 70%
(n=14) diagnosed within 7 days, rendering the time-sensi-
tive diagnostic criteria of nosocomial SBP to be uncertain.
Marginal cases have the potential of being misclassified and
managed differently due to delays in diagnosis.

Despite clear evidence showing the importance of per-
forming EP in patients admitted with cirrhosis and ascites,
too few are done within a recommended timeframe. Given
the high risk of adverse outcomes in patients with SBP,
along with the inability to detect SBP using signs and
symptoms with adequate sensitivity, strategies are needed
to improve the implementation of EP. While DP is common,
this study has provided a clearer causal pathway, analyzing
multiple aspects of patient care, as to why this occurs. Ulti-
mately, the initial provider present during patient presenta-
tion is crucial for directing management. Strategies aimed
at barriers to performing EP should be directed toward
encouraging paracentesis performance in the ED, regard-
less of physician specialty. Many EDs have optimized their
ability to deliver quality care for critical conditions such as
trauma, acute coronary syndromes, and strokes by imple-
menting guidelines for time-sensitive management resulting
in life-saving consequences. A similar approach should be
given toward patients with cirrhosis. In addition, assessment
of competency in performing bedside paracentesis may also
be needed to increase performance by non-IR providers.

@ Springer

Increasing the awareness of recommendations and benefits
of performing EP in hospitalized patient with cirrhosis and
ascites may also improve adherence to this quality indicator.

In conclusion, despite previous evidence suggesting
increased mortality with delayed paracentesis leading to
recommendations for the performance of early paracente-
sis, we found that delayed paracentesis is common in the
community setting. Creating interventions to improve early
paracentesis in patients with SBP is of primary concern.
Future large qualitative and quantitative studies are needed
to assess physician and systemic barriers in providing this
quality indicator.
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