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The older leading concept concerning ascites formation

postulates an imbalance of oncotic and hydrostatic forces,

with portal pressure pushing fluid into the peritoneal cavity

opposed by the serum colloid osmotic pressure generated

by albumin. When hydrostatic exceed oncotic forces, the

abdominal cavity fills with fluid until a counterbalancing

increase in abdominal pressure prevents further ascites

formation. Furthermore, patients with ascites are almost

perfectly separated from those without ascites on the basis

of portal pressure (relative to the cardiac pressure) and

serum albumin concentration [1] seeming to support this

concept. According to this model, decreased intra-abdom-

inal pressure due to fluid removal by paracentesis promotes

fluid movement into the peritoneal cavity at the expense of

the intravascular compartment, potentially resulting in

catastrophic hypotension and renal failure. Since these

events were thought to occur soon after paracentesis, the

prevailing recommendation was for\2 L to be removed at

any one time. Harmful effects from paracentesis were

considered likely despite a large global clinical experience

that had not identified a high incidence of hypotension or

renal failure due to a common and routine clinical

procedure.

Two factors changed this view. The first was the

description of oncotic-hydrostatic balance between serum

and ascites [2–7] documenting an ‘‘abnormal balance’’

between colloid osmotic and hydrostatic pressure rather

than an outright imbalance. In this model, the portal pres-

sure gradient (portal pressure relative to intra-abdominal

pressure) was the major cause of ascites, as reflected in the

serum to ascites albumin gradient (SAAG) both of which

are unchanged after removing peritoneal fluid, during

diuresis, or following albumin infusions [4, 5]. Thus, rapid

formation of ascitic fluid was an unlikely consequence of

paracentesis in this model although a fragile system sen-

sitive to changes in intravascular volume might be pre-

dicted. Furthermore, the model predicted the importance of

the SAAG in the differential diagnosis of ascites, a widely

accepted finding [4, 5] supporting the validity of this

model. The second was data obtained from controlled trials

that failed to document a major decrease in systemic blood

pressure or an increased incidence of renal failure follow-

ing paracentesis [7]. Indeed, control of ascites with para-

centesis appeared safer than with diuretics [7].

Nevertheless, carefully controlled trials using sensitive

hemodynamic measures did document statistically signifi-

cant mild subclinical abnormalities such as alterations in

plasma renin activity (PRA) and creatinine in some patients

with tense ascites following complete fluid drainage or

‘‘total’’ paracentesis, usually days after the procedure and

this is termed paracentesis-induced circulatory dysfunction

(PICD) [8, 9]. Progressive renal failure or vascular collapse

was not reported in these studies. Nonetheless, the concept

of PICD became firmly established, with data supporting

the concept that PICD could be prevented by salt-poor

albumin (SPA) infusions [9]. The concern remained that

some patients with PICD would deteriorate to the point that

severe adverse clinical events occurred, justifying the

expense of SPA infusions in all patients undergoing para-

centesis. Furthermore, similar, but more pronounced

alterations were present in the context of this fragile

hemodynamic system such as spontaneous bacterial peri-

tonitis, with hemodynamic improvement and increased

survival attributed to concurrent SPA infusions [10]. Thus,
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SPA infusions after paracentesis have become the standard-

of-care.

The majority of the above studies in which PICD

occurred came from patients with tense ascites who had

undergone ‘‘total’’ paracentesis in which [8 L was

removed over 20–30 min. In this issue of Digestive Dis-

eases and Sciences, Tan et al. [11] report a study in which

the authors slowly removed \8 L of fluid at a rate of

65 ml/min accompanied by SPA followed by a subsequent

\8-L paracentesis at weekly intervals each followed by

additional SPA. They then studied the incidence of PICD

based on elevated plasma active renin (PAR), correlating

this problem with short- and long-term clinical outcomes. It

is somewhat surprising that they had anything to study

since PICD should have been prevented completely by the

SPA infusions. Of course, the major definition of PICD was

based on elevated PAR rather than PRA although the

stimuli for PAR and PRA appear to be similar, as discussed

by the authors. Furthermore, the serum concentrations of

aldosterone and angiotensin II, but not norepinephrine,

were elevated 6 days following paracentesis, whereas

mean arterial blood pressure (MABP) was slightly

decreased, but to the same degree in those with and without

PICD, and heart rate was not increased in either group. In

follow-up for an average of 2 years, no difference in

clinical outcomes was observed between the two groups.

The conclusion was that SPA infusions were beneficial in

preventing adverse clinical outcomes whether PICD was

present or not. The presence of PICD did not identify a

group at increased risk of clinical problems in the setting of

\8 L of fluid removal, slow paracentesis, SPA infusion,

and subsequent repeated weekly paracentesis with addi-

tional SPA infusions. The lack of a control group did not

enable the authors to determine which of the clinical fac-

tors accounted for the relatively benign course, failing to

provide support for the authors’ assumption that SPA

infusions were responsible.

The first potential problem with this study was a lack of

control group in which SPA was withheld, not included in

the study design due to the authors’ contention that SPA

could not be withheld based on prevailing clinical guide-

lines [12]. Since the\8-L paracentesis and slow removal

may have both been beneficial factors, the lack of a control

group obscured the conclusion that SPA was beneficial. In

actuality, the authors could have withheld SPA from the

first paracentesis and then provided SPA with a subsequent

paracentesis, serving as an adequate physiologic control for

the first paracentesis, using the patient as his own control.

Furthermore, universal consensus supporting the adminis-

tration of SPA after paracentesis is lacking, since adverse

clinical events have rarely been reported, unless an ele-

vated PRA is considered a clinical event. Despite this, a

meta-analysis of prospective studies of large-volume

paracentesis reported a survival benefit for albumin infu-

sions [13]. SPA could benefit a relatively small subgroup

with tense ascites rather than benefitting all patients. Per-

haps a moderate volume (\8 L) removed or slow removal

alone would decrease the incidence of PICD. A control

group is essential for future studies.

The second consideration is the potential confounding

effects of diabetes or therapy with b-receptor antagonists.
Although a multivariate post hoc analysis may be of some

benefit since these factors were considered unimportant,

future trials should adjust for these factors prospectively

with b-receptor antagonists best avoided since they have

been associated with PICD [14].

Albumin infusions are still not universally considered to

be necessary for all patients. Identification of patients who

would benefit the most from albumin and from specific

infusion methods would avoid the unnecessary use of this

expensive treatment. Since a\5-L paracentesis appears to

avoid the problem of PICD [15], perhaps a \8-L para-

centesis with slow removal is another [11]. In patients

identified as requiring repeated large-volume paracentesis,

perhaps giving SPA every other paracentesis might be just

as effective and save half the SPA.
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