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Abstract

Background: Patients who are hospitalized for
decompensated cirrhosis often require an abdominal
paracentesis. Several studies and various societies have
deemed this procedure to carry low risk of complications.
However, Hospital Internists are increasingly referring this
procedure to Interventional Radiology (IR) to perform. As
a result, hospital costs, use of resources, and patient
length of stay (LOS) have all risen. The primary aim of this
study was to compare the complication rates after
paracentesis performed at bedside by Internal Medicine
Residents with those performed by Interventional
Radiology Attendings. The secondary aim was to compare
additional clinical outcomes including time to procedure,
bacterial culture yield, and transfusion rates between the
two groups.

Methods and Findings: A retrospective analysis was
conducted of all paracentesis procedures performed on
patients admitted to a single large academic tertiary care
medical center from July 2017 to April 2018. Data was
queried based on procedure notes and orders placed in
the electronic medical record. Clinical outcomes were
assessed up to 48 hours post index procedure and
compared between patients who had bedside and IR-
guided procedures. 118 paracentesis encounters were
included in the final analysis. Complication rates regarding
hemorrhage, persistent leakage of fluid, abdominal
perforation, and ICU transfer were similar between
bedside and IR paracentesis. As for secondary outcomes,
a significant different was found with regards to time to
procedure. The time from procedure referral to procedure
completion was less in the bedside group (5.3 hours ± 6.8
vs. 22.5 hours ± 36.5; p=0.001). However, no statistical
differences were found in terms of total hospital LOS, the
number of units of red blood cell, platelet or fresh-frozen
plasma transfused pre- and post-procedure, bacterial fluid
culture yield, and the volume of ascites removed during
therapeutic paracentesis.

Conclusion: This study suggests that bedside abdominal
paracentesis performed by Internal Medicine resident
physicians and those performed by Interventional
Radiologists have similar complication rates. Other clinical
outcomes including volume removed during therapeutic
paracentesis and the need for blood product transfusion
were also shown to be comparable between the two
groups whereas bedside paracentesis was found to be
superior in terms of time to procedure. The findings of
this study suggest that IR-guided paracentesis should not
be favored routinely over bedside paracentesis.

Keywords: Paracentesis; Diagnostic tap; Large Volume
Paracentesis (LVP); Therapeutic tap; Medical resident;
Interventional radiology

Introduction
Cirrhosis affects up to 3% of the United States population

and leads to 150,000 hospitalizations annually [1,2]. Ascites is
the most common complication of cirrhosis and bears
significant association with mortality [3,4]. Patients who are
hospitalized for decompensated cirrhosis often require an
abdominal paracentesis for diagnostic and therapeutic
purposes. A diagnostic paracentesis is imperative for acquiring
speciation from fluid culture and has been associated with
reduced mortality when the procedure is performed early into
the hospital course [5,6].

Abdominal paracentesis carries certain risks including
leakage of ascitic fluid, infection, bleeding, and bowel
perforation [7-9]. However, numerous studies have
demonstrated that the risk of these complications is low
[10-13].

Furthermore, guidelines from various societies including the
American Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of the Liver (EASL)
characterize paracentesis as safe even in the presence of
marked thrombocytopenia or prolongation in the prothrombin
time. Neither the AASLD nor the EASL dictate guidelines as to if
or when to refer to IR for a paracentesis [14,15].
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Despite the safety profile demonstrated by systematic
reviews and support from national guidelines, hospital
internists are increasingly referring this procedure to be
performed by Interventional Radiology (IR). A survey
completed in 2004 with the American College of Physicians
(ACP) demonstrated that the percentage of general internists
completing their own procedures was less than half of what it
was in 1986 [16]. As shown by national practice patterns,
paracentesis procedures are increasingly being performed by
IR as opposed to being performed at bedside by the primary
team [17].

This increased referral to other services has been associated
with an increase in hospital costs, use of resources, and
hospital length of stay. The University Health System
Consortium database showed hospital costs were estimated to
be $1,308 more for admissions with IR referrals compared to
those admissions where the internist performed the
abdominal paracentesis at bedside [18]. IR referrals are
associated with 1.86 additional hospital days and increased
likelihood for subsequent ICU transfers [19-21].

The primary aim of this study was to compare the
complication rates of patients who had a bedside paracentesis
under ultrasound guidance by internal medicine residents to
those of patients who had a paracentesis performed by IR.

The secondary aim was to compare additional clinical
outcomes including time to procedure, bacterial culture yield,
and blood product transfusion rates between the two groups.
Our findings showed that there was no difference in rate of
complications, or secondary outcomes when comparing the
two groups, and further showed that bedside paracentesis had
a significant advantage in terms of shorter time-to-procedure.

Methods

Study design and setting
A retrospective analysis was conducted of all paracentesis

procedures of patients admitted to Stony Brook Hospital from
July 2017 to April 2018. Stony Brook Hospital is a large
academic tertiary care medical center with an annual inpatient
admission census of approximately 30,000 patients [22]. Data
was queried based on procedure notes and orders placed in
the electronic medical record titled “abd paracentesis w/
imaging.” The term “procedure note” was used to describe an
electronic document with details of the encounter that was
entered in the chart post-procedure. A “paracentesis
procedure encounter” was defined as either a diagnostic
and/or therapeutic large volume paracentesis (LVP).

“Bedside paracentesis” was defined as an ultrasound-guided
abdominal paracentesis completed by an internal medicine
resident at the patient’s bedside. Residents either performed
the procedure independently or, if not already certified in the
procedure, under supervision by a certified physician.

All 83 internal medicine residents were trained during a
single simulation session with a practice mannequin. These
internal medicine residents were also supervised as a group

for up to 3 additional procedures. “IR paracentesis” was
defined as an abdominal paracentesis completed by the
Interventional Radiology service in the IR suite.

Patient enrollment
Out of 150 patient encounters that were admitted to Stony

Brook Hospital and had a paracentesis procedure completed
(between July 2017 and April 2018), 17 were excluded for not
having a paracentesis procedure note. An additional 15 were
excluded for acute blood loss anemia or intra-abdominal injury
diagnosed prior to the index paracentesis procedure. A total of
118 paracentesis procedure encounters were included in the
study. 52 of the encounters had a paracentesis completed at
bedside. 66 of the encounters had a paracentesis performed
by IR.

Variables
Patients who met inclusion criteria were assessed for

various outcomes associated with a paracentesis procedure
(listed in next section). Baseline characteristics including
demographic information, vital signs and laboratory data were
obtained through chart review. Charlson Comorbidity Index
and MELD-Na scores were calculated for each patient based on
the laboratory values and diagnoses listed within 48 hours of
the index paracentesis procedure.

Outcomes
The primary outcomes studied consisted of complications of

abdominal paracentesis within 48 hours post-paracentesis.
These complications included: intra-abdominal injury,
hemorrhage, persistent leakage, and ICU transfer.

Hemorrhage was further assessed based on the lowest
hemoglobin (Hgb) 48 hours post-procedure subtracted from
Hgb prior to the procedure. We defined a potential bleeding
complication as a decrease in Hgb greater than a 2 g/dL within
48 hours post-procedure. Secondary outcomes included: need
for blood product transfusion, fluid culture yield, hospital
length of stay, and volume of ascites removed. Time to
procedure was defined as the time from entry of the EMR
order for a paracentesis to the time of entry of the procedure
note documenting the performance of the paracentesis.

Ethics statement
The Stony Brook University Hospital Institutional Review

Board (IRB) approved this retrospective cohort study (IRB
1198194-2). The requirement for written informed consent
from patients was waived.

Data analysis
The statistical analysis was conducted using SAS V9.4. To

analyze or compare continuous variables either Wilcoxon Rank
Sum tests or student t-tests were used depending on
normality. To analyze categorical variables chi-square and
Fisher exact tests were used. Fisher exact tests were used to
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help adjust for small cell frequencies. A p-value below 0.05 is
statistically significant and is indicated in red.

Results

Baseline characteristics
When comparing the baseline characteristics among those

who underwent bedside versus IR paracentesis, there were no
significant differences among gender, age, race, BMI,
hemodialysis dependence, serum creatinine, serum sodium,
serum albumin, partial thromboplastin time, platelet count,
and anticoagulation status. There were, however, significant
differences among scores on the Charlson Comorbidity Index
(5.0 ± 5.0 bedside vs. 7.0 ± 4.0 IR; p=0.01), MELD-Na (20.4 ±
9.8 bedside vs. 14.4 ± 8.6 IR; p=0.001), serum total bilirubin
(2.0 ± 3.3 bedside vs. 0.9 ± 1.8 IR; p=0.008) and international
normalized ratios (INR) (1.6 ± 0.5 bedside vs. 1.4 ± 0.4 IR;
p=0.013).

A significant difference in time to paracentesis was found
(5.3 hours ± 6.8 bedside vs. 22.5 hours ± 36.5 IR; p=0.001).
However, there was no significant difference in terms of total
hospital LOS (Table 1).

Table 1: Baseline patient characteristics for IR and bedside
encounters.

N=118 Bedside (n=52) IR (N=66) p-value

Gender

Female 15 (29.41) 25 (37.88)
0.3384

Male 36 (70.59) 41 (62.12)

Age

Mean (SD) 58.4 (11.7) 60.5 (13.4) 0.3773

Race

White/Caucasian 48 (94.12) 56 (84.85)

0.0849African American 3 (5.88) 4 (6.06)

Other 0 (0.0) 6 (9.09)

BMI

Median (IQR) 28 (12.5) 26.6 (7.1) 0.0982

Hemodialysis Dependent

No 46 (90.20) 60 (90.91)
1

Yes 5 (9.80) 6 (9.09)

Charlson Comorbidity Index

Median (IQR) 5.0 (5.0) 7.0 (4.0) 0.0099

MELD-Na

Median (IQR) 20.4 (9.8) 14.4 (8.6) 0.0014

Creatinine

Median (IQR) 1.3 (1.1) 1.1 (0.94) 0.1359

Total Bilirubin

Median (IQR) 2.0 (3.3) 0.9 (1.8) 0.0082

International Normalized Ratio

Median (IQR) 1.6 (0.5) 1.4 (0.4) 0.013

Sodium

Median (IQR) 136.5 (7.0) 136.5 (5.0) 0.6587

Albumin

Median (IQR) 3.0 (0.75) 2.8 (1.0) 0.1953

Partial Thromboplastin Time

Median (IQR) 35.3 (9.0) 33.0 (11.1) 0.1302

Platelet

Median (IQR) 165.5 (134) 164 (149) 0.9685

On Anticoagulation

Median (IQR) 10 (19.61) 14 (21.21) 0.8312

SD: Standard Deviation; IQR: Inter-Quartile Range; MELD-Na: Model for End
Stage Liver Disease (New)

In terms of complication rates, there were no significant
differences for Hgb change and persistent leakage among
those who underwent bedside procedure versus IR. There
were no instances of intra-abdominal injury and ICU transfers
in either group. There were no significant differences in units
of red blood cell, platelets or fresh-frozen plasma transfused
pre- and post-procedure.

5 (14.7%) of the bedside encounters met criteria for
spontaneous bacterial peritonitis, while 7 (17.1%) of the IR
group met criteria. Statistically there was no significant
difference in terms of SBP diagnosis, positive fluid cultures,
and the number of fluid culture contaminants. However, while
not statistically significant, 3 (8.8%) bedside paracentesis
specimens yielded a positive bacterial culture compared to 1
(2.4%) in the IR group.

Lastly, no significant difference in volume removed during
an LVP was found between the two groups (3000 ± 2400
bedside vs. 3700 ± 3550 IR; p=0.166) (Table 2).

Discussion
The findings of this study suggest that when controlling for

patient characteristics, abdominal paracentesis performed at
bedside by internal medicine residents is non-inferior to
paracentesis completed by the IR service in terms of
complication rates (primary outcomes: persistent leakage of
ascetic fluid, intra-abdominal injury, ICU transfers, and Hgb
change), and secondary outcomes: need for blood product
transfusion, specimen yield, LOS, and volume removed during
therapeutic paracentesis. Notably, bedside paracentesis was
superior in time-to-procedure when compared to IR-
paracentesis.

These findings corroborate the results of a 2013 study by
Barsuk et al. which also looked at clinical outcomes of bedside
vs IR paracentesis [21], whose findings showed that bedside
procedures were non-inferior to or even superior to IR
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procedures in terms of overall clinical outcomes including ICU
transfers, transfusions of red blood cells, platelets, fresh frozen
plasma, inpatient mortality, and readmissions. In addition to
these factors, this study focused on the safety and efficacy of
paracentesis in terms of intra- or post-procedure hemorrhage,
intra-abdominal injury, and ascitic fluid leak. This study also
examined specimen yield, volume removed during large
volume paracentesis, time-to-procedure, and LOS.

Table 2: Complication rates for bedside and IR encounters.

N=118 Bedside (n=52) IR (N=66) P-Value

Persistent leakage of fluid

No 49 (96.08) 63 (95.45)
1

Yes 2 (3.92) 3 (4.55)

Intra-Abdominal Injury

No 51 (100.0) 66 (100.0)
NA

Yes 0 (0.0) 0 (0.0)

Intensive Care Unit transfer

No 51 (100.0) 66 (100.0)
NA

Yes 0 (0.0) 0 (0.0)

Hemoglobin change

Median (IQR) 0.35 (0.95) 0.2 (0.8) 0.0891

NA: Not Applicable. A p value could not be provided as there were no events
in each group; IQR: Inter-Quartile Range

Hemorrhagic complications were evaluated by comparing
the Hgb pre-procedure to the lowest Hgb within 48 hours post-
procedure. Other studies have evaluated for paracentesis-
related bleeding. Runyon et al. determined bleeding severity
based on need for transfusion of packed red blood cells [10];
McVay et al. and Toy et al. defined significant bleeding by a
more than 2g/dl drop in Hgb [11]. Other studies have reported
delayed post-procedure intra-abdominal hemorrhage that
have occurred up to 4 days after the initial procedure [23]. No
statistically significant difference was found in the rate of
hemorrhagic complications between the bedside and IR
groups (0.35 ± 0.95 bedside vs. 0.2 ± 0.8 IR; P = 0.089). There
were 2 (3.8%) instances in the bedside group and 0 (0.0%)
instances in the IR group that had a drop in Hgb >2g/dl.
However, neither of these bedside paracentesis patients were
transfused nor was there any mention of “bleed” on chart
review.

There was no statistical significance between the two
groups when comparing transfusion rates of packed red blood
cells, however 4 (7.7%) encounters in the bedside group and 9
(9.0%) encounters in the IR group received red blood cell
transfusions post-procedure. Although, none of these 13
patients had a drop in Hgb greater than 2g/dl and were not
counted as a hemorrhagic complication. Furthermore we did
not show a significant difference in the transfusion rates of
platelets and/or Fresh Frozen Plasma between the two groups.
The discrepancy in transfusion of packed red blood cells may in

part be attributed to the advent of bedside ultrasound, which
has improved the safety profile of bedside procedures [9,24],
and also to the fact that IR follows separate guidelines for
transfusion criteria of all blood products. The consensus
guidelines published in the Journal of Vascular and
Interventional Radiology (JVIR) recommends platelet
transfusion to maintain counts > 50,000/uL and INR correction
to < 2.0 while AASLD discourages the prophylactic use of fresh
frozen plasma or platelets before paracentesis regardless of
the platelet count or prothrombin time [14,25]. Of note, the
Barsuk study (2013) found that for those patients referred to
IR, there were increased rates of platelet and fresh frozen
plasma transfusions [21] (Table 3).

Table 3: Blood product transfusion rates for bedside and IR
encounters.

N=118 Bedside (n=52) IR (N=66) p-value

FFP units transfused pre procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.4371

FFP units transfused post procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.3888

RBC units transfused pre procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.6049

RBC units transfused post procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.7811

Plt units transfused pre procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.8815

Plt units transfused post procedure

Median (IQR) 0 (0.0) 0 (0.0) 0.1271

Total Transfusion pre and post procedure

Median (IQR) 0 (0.0) 0 (1.0) 0.6496

FFP: Fresh Frozen Plasma; RBC: Red Blood Cell; Plt: Platelet; IQR: Inter-
Quartile Range

No statistically significant difference in either hospital LOS
or in the number of days from procedure to discharge was
found. This lack of difference in hospital LOS may in part be
related to the relatively small sample size of this study. A larger
sample size would help with detecting differences in hospital
LOS.

This study demonstrated a significant advantage in time-to-
paracentesis (5.3 hours ± 6.8 bedside vs. 22.5 hours ± 36.5 IR;
p=0.001), implying an operational and clinical advantage of
bedside paracentesis with the potential for more timely
diagnosis of spontaneous bacterial peritonitis and improved
bacterial culture yield.

This study has several limitations. The overall sample size
was small, which contributed to the lack of normal distribution
of data and ultimately to a smaller power calculation. A few
differences in patient characteristics met statistical
significance such as the Charlson Comorbidity Index and
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MELD-NA score. While the Charlson Comorbidity Index was
higher in the IR group, the MELD-Na score was significantly
higher in the bedside group. As such, it was difficult to judge
the difference in severity of illness between the two groups.
The significant difference in INR and total bilirubin likely
contributed to the elevated MELD-Na scores in the bedside
group (Table 4).

Table 4: Timing events for bedside and IR encounters.

N=118 Bedside (n=52) IR (N=66) p-value

Length of Stay (days)

Median (IQR) 11 (13) 11.5 (26) 0.6419

Time to procedure (hours)

Median (IQR) 5.3 (6.8) 22.5 (36.5) <0.0001

Days from procedure to discharge

Median (IQR) 6.1 (7.2) 4.4 (9.9) 0.4834

IQR: Inter-Quartile Range

Another limitation of this study was that much of the
information obtained came from chart review, which depends
on thorough and accurate documentation from the primary
provider and consulting physicians. Intra-abdominal infection
was not measured as a complication, given its complex
assessment via chart review, and would ultimately require a
follow-up diagnostic paracentesis, which is not standard-of-
care.

Conclusion
The results of this study suggest that bedside ultrasound-

guided abdominal paracentesis performed by internal
medicine resident physicians compared to abdominal
paracentesis performed by Interventional Radiology have
similar complication rates, rates of blood product transfusions,
and overall similar clinical outcomes. This study further
demonstrates a significantly improved time-to-procedure with
bedside paracentesis, implying the potential in yielding more
timely diagnostic results.

As of the writing of this manuscript, the American Board of
Internal Medicine (ABIM) no longer requires certification in
abdominal paracentesis for graduation from Medicine
residency. The findings of this study suggest that bedside
paracentesis is a skill worth preserving and should be part of
the procedural competencies required by hospitals and
healthcare systems of hospital-based internists. As healthcare
moves from fee-for-service to value-based care, bedside
paracentesis will play an important role in decreasing cost and
improved resource utilization.
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