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 INTRODUCTION 
 Serum-ascites albumin gradient (SAAG) is extensively used in 

the diagnostic workup of ascites  (1 – 6) . Runyon  et al.  showed 

high sensitivity (96.7 % ) for a high SAAG (de' ned as SAAG 

 ≥ 1.1   g / dl) in diagnosing ascites related to portal hypertension 

 (1) . In the same study, the etiologies of low SAAG (de' ned as 

SAAG     <    1.1   g / dl) in patients without cirrhosis included malig-

nant ascites, tuberculous peritonitis, and nephrotic syndrome. 

However, the utility of evaluating a low SAAG in patients with 

known cirrhosis and portal hypertension has not been ade-

quately established. . ese patients have been described as hav-

ing  “ mixed ”  ascites, with the presence of portal hypertension 

and a variable SAAG level secondary to another underlying 

diagnosis  (7) . In the study conducted by Runyon  et al. , only 

42 (4.7 % ) of 901 ascites samples obtained from patients with 

cirrhosis had  “ mixed ”  ascites. . e yield of further workup to 

uncover other causes of a low SAAG, including tuberculous 

peritonitis, peritoneal carcinomatosis, and nephrotic syn-

drome in patients with cirrhosis, is not clear. 

 We conducted this study to determine the utility of a diag-

nostic workup for patients with cirrhosis and a low SAAG and 

to establish a secondary cause of ascites. We hypothesized that, 
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in the presence of a high pretest likelihood for portal hyperten-

sion, a low SAAG will have a low predictive value for secondary 

causes of ascites.   

 METHODS 
 We screened 405 patients at the Michael E. DeBakey Veterans 

AE airs Medical Center in Houston, TX, who had undergone 

paracentesis with measurement of both serum and ascites 

albumin levels between January 2000 and December 2005. 

We identi' ed patients with at least one documented SAAG 

of     <    1.1   g / dl ( n     =    92). We conducted systematic abstraction 

of medical records to collect information on several demo-

graphic features, clinical, laboratory, pathologic, and radio-

graphic data. 

 We evaluated patients in this study on the basis of the 

presence of cirrhosis. Cirrhosis was de' ned as being present 

on the basis of radiological, pathological, or other evidence 

of the presence of a nodular liver or portal hypertension. 

On the basis of speci' c diagnostic criteria ( Table 1 ), we 

determined whether these patients had an appropriate workup 

to establish a secondary cause of a low SAAG. . e SAAG 

results of a repeat paracentesis, if performed, were evaluated 

for patients who initially had an unknown etiology of a low 

SAAG. 

 We searched for commonly described etiologies for 

low SAAG levels through ascites L uid analysis for neutrophil 

count; bacterial and fungal culture; acid-fast bacillus (AFB) 

culture; L uid cytology and imaging modalities, including 

ultrasonography, computerized tomography (CT), and mag-

netic resonance imaging (MRI), to rule out malignancies, 

peritoneal biopsy where indicated, and urine protein measure-

ment. 

 . ese etiologies include spontaneous bacterial peritonitis 

(SBP), secondary bacterial peritonitis, tuberculous perito-

nitis, nephrogenous ascites, ascites secondary to nephrotic 

syndrome, malignant ascites or peritoneal carcinomatosis, 

and pancreatic ascites. . e diagnosis of SBP was based on 

bacterial growth in an ascitic L uid collected in blood culture 

bottles inoculated at the bedside or an ascitic absolute neu-

trophil count of at least 0.25 × 10 9    cells / l  (8) . A diagnosis of 

secondary bacterial peritonitis was made if a perforated 

viscus, intestinal ischemia, and / or obstruction were docu-

mented by a radiographic or surgical evaluation. . e diagnosis 

of mycobacterial peritonitis required mycobacterial growth in 

an ascitic L uid culture or peritoneal biopsy or positive results of 

a polymerase chain reaction scan of ascitic L uid for a mycobac-

terium. Mycobacterial peritonitis diagnosis was also made if 

a mycobacterial smear was positive in the presence of a 

positive puri' ed protein derivative or if ascitic L uid adenosine 

deaminase level was at least 40   IU / l  (9) . Nephrogenous ascites 

was diagnosed in dialysis-related ascites, and ascites result-

ing from nephrotic syndrome was diagnosed in the presence 

of 24   h urine collection for protein of at least 3.5   g / day  (10)  or 

spot urine protein-to-creatinine ratio >3  (11) . . e diagnosis of 

malignant ascites was based on positive cytology of an ascitic 

L uid  (12) , positive biopsy of the organ involved, or tumor 

localization as determined by CT scan, MRI, laparotomy, or 

autopsy. Pancreatic ascites was diagnosed when the ascitic 

L uid amylase level was at least twice that of the upper limit of 

 normal for serum amylase  (13) . Lastly, the diagnosis of chylous 

ascites was based on ascitic L uid triglyceride level of at least 

200   mg / dl  (14) . 

 We used standardized comprehensive data collection 

forms designed in Teleform (Autonomy CardiE , Vista, CA), 

which we subsequently scanned into an Access database and 

converted into SAS (Statistical Analysis Systems, Cary, NC) 

data sets for statistical analyses. Descriptive statistics were 

generated: mean and s.d. for continuous variables and propor-

tions for categorical variables. We compared patients with and 

without cirrhosis using chi-square for categorical variables and 

 t -test for continuous variables.   

   Table 1 .    Diagnostic criteria employed in the study for 
secondary causes of SAAG     <    1.1   g/dl 

    Condition    Diagnosis   

   Spontaneous bacterial 
peritonitis 

 Ascites fl uid ANC >0.25  ×  10 9    cells/l  
 or  
 Bacterial growth in ascites fl uid 

    Candida  peritonitis  Positive ascitic fl uid culture for  Candida  
species 

   Nephrotic syndrome  24-h urine protein >3.5   g  
 or  
 Spot urine protein/creatinine ratio >3 

   Tuberculous peritonitis  Positive ascites fl uid AFB smear with 
positive PPD  
 or  
 Positive ascites fl uid culture for MTB  
 or  
 Positive PPD and ascites fl uid adenosine 
deaminase > 40   IU/l  
 or  
 Granulomatous infl ammation on peritoneal 
biopsy  
 or  
 Positive ascites fl uid MTB PCR 

   Pancreatic ascites  Ascites fl uid amylase level at least twice 
upper limit of normal 

   Chylous ascites  Ascites fl uid triglycerides >200   mg/dl 

   Secondary bacterial 
peritonitis 

 Perforated viscus, ischemia, or obstruction 
on radiographic study 

   Malignant ascites  Positive ascites fl uid cytology  
 or  
 Positive peritoneal biopsy or biopsy of organ 
involved  
 or  
 Tumor localization as determined by 
radiographic study 

     AFB, acid-fast bacillus; ANC, absolute neutrophil count; MTB,  Mycobacterium 
tuberculosis ; PCR, polymerase chain reaction; PPD, purifi ed protein derivative; 
SAAG, serum-ascites albumin gradient.   
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 RESULTS 
 Of the 405 patients with ascites, 92 (23 % ) had at least one 

SAAG level of     <    1.1   g / dl, of whom 76 had cirrhosis and 16 did 

not. . ere were 83 (90 % ) male patients. . e mean age was 59 

(s.d.    =    10). Most patients (65, 86 % ) had the serum and ascites 

albumin levels measured     <    12   h apart.  

 Low SAAG and cirrhosis 
 We evaluated the 76 patients with cirrhosis and at least one 

paracentesis yielding a SAAG level of     <    1.1   g / dl. . e mean 

SAAG level of these patients was 0.81 (s.d.    =    0.21). . e most 

common cause of cirrhosis was alcohol ( n     =    35), followed by 

both chronic hepatitis C virus infection and alcohol abuse as 

an etiology of their cirrhosis in 27 patients. Six patients had 

only hepatitis C virus, four had cardiac cirrhosis, two had non-

alcoholic fatty liver disease, one had cryptogenic cirrhosis and 

one patient had chronic hepatitis B virus infection. 

 As stated in the Methods section, we used standard criteria 

( Table 1 ) for the determination of low SAAG-level etiologies. 

Causes of low SAAG ascites were identi' ed in 29 (38 % ) of the 76 

patients ( Table 2 ). . e mean SAAG level for the patients in whom 

a cause was identi' ed was 0.72 (s.d.    =    0.24), which was signi' cantly 

lower than the mean SAAG level for patients in whom no cause was 

identi' ed, which was 0.86 (s.d.    =    0.18,  P     =    0.005). . e most common 

etiology was SBP, which was diagnosed in 11 (38 % ) patients. . e 

remainder had peritoneal carcinomatosis, 8 (28 % ); nephrotic syn-

drome, 5 (17 % ); tuberculous peritonitis, 3 (10 % ); chylous ascites, 1 

(3.5 % ); and a perforated viscous (secondary peritonitis), 1 (3.5 % ). 

Most patients with peritoneal carcinomatosis (7, 88 % ) had sugges-

tive abdominal imaging studies (ultrasound, CT or MRI). 

 In all, 47 (62 % ) of the 76 patients with cirrhosis and a low SAAG 

had no identi' able cause of the low SAAG on initial workup 

( Figure 1 ), and 33 (70 % ) of these patients had a repeat diagnos-

tic paracentesis. Of these, 24 (73 % ) changed to a SAAG level of 

 ≥ 1.1   g / dl; only 9 (27 % ) patients continued to have a low SAAG. 

 . us, in total, 23 patients with cirrhosis had an unexplain-

able low SAAG (including the nine patients who had a repeat 

paracentesis). Seven of these patients had an appropriate com-

plete workup. On further analysis, 16 patients had a complete 

workup, except for AFB culture of the ascites L uid.   

 Low SAAG and no cirrhosis 
 Sixteen patients with a low SAAG had no evidence of cirrhosis. 

. e mean SAAG level of these patients was 0.66 (s.d.    =    0.32), 

which was signi' cantly lower than those observed in patients 

   Table 2 .    Comparison between two groups of patients with low 
SAAG according to the presence of cirrhosis 

      Cirrhosis    No cirrhosis     P  value  

   Number of patients  76  16   

   Age (mean  ±  s.d.)  58  ±  10  61   ±  11  0.29 

   Male (%)  74 (97%)  9 (75%)      <    0.001 

   SAAG level (mean  ±  s.d.)  0.81  ±  0.21  0.66  ±  0.32  0.02 

   Cause of low SAAG 
identifi ed (%) 

 29 (38%)  12 (75%)  0.01 

   Spontaneous bacterial 
peritonitis (%) 

 11 (14%)  1 (6%)  0.68 

   Other identifi ed 
secondary causes (%) 

 18 (24%)  11 (69%)      <    0.001 

     SAAG, serum-ascites albumin gradient.   

Cirrhosis (76) 

Cause identified (29, 38%) No cause identified (47, 62%)

Repeat paracentesis (33, 70%) No repeat paracentesis (14, 30%) 

Repeat paracentesis SAAG �1.1 g/dL
(24, 73%)

Did not revert to SAAG �1.1 g/dL
(9, 27%)

  Figure 1 .       Flow diagram for fi ndings of diagnostic workup among patients with cirrhosis and SAAG    <    1.1   g / dl. SAAG, serum-ascites albumin gradient.  
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with cirrhosis and low SAAG ( P     =    0.02) ( Table 2 ). A consid-

erably larger proportion of these patients (12, 75 % ) had an 

identi' able cause of the low SAAG ( Figure 2 ), with peritoneal 

carcinomatosis being the most common (58 % ), followed by 

secondary peritonitis (17 % ), chylous ascites (8 % ), nephrotic 

syndrome (8 % ), and SBP (8 % ).    

 DISCUSSION 
 Low SAAG has a poor predictive value in the presence of a 

low pretest probability for nonportal hypertension-related 

ascites. In 76 patients with cirrhosis and a low SAAG level, for 

whom the pretest likelihood for portal hypertension ascites is 

high, only 38 %  of patients had an identi' able cause, of which 

primary bacterial peritonitis accounted for 14 % . . e com-

monly sought-aR er diagnoses of peritoneal carcinomatosis, 

tuberculous peritonitis, nephrotic syndrome, nephrogenous, 

and pancreatic ascites were present in only 24 %  of the patients 

with cirrhosis and a low SAAG. In general, patients with cir-

rhosis and a low SAAG had SAAG values that were slightly 

lower than 1.1   g / dl (mean, 0.81), and of the 47 patients with no 

apparent etiology of a low SAAG level, 24 (51 % ) reverted back 

to a high SAAG level (i.e.,  ≥ 1.1   g / dl) on repeat paracentesis. On 

the other hand, patients with a low SAAG and no cirrhosis, in 

whom the pretest likelihood for portal hypertension ascites is 

low, had a considerably lower SAAG (mean, 0.66), and most 

(58 % ) of the patients had an identi' ed cause that was malig-

nancy related. 

 . e diagnostic yield of a low SAAG according to the pres-

ence or absence of cirrhosis has not been widely addressed. 

For example, the Mansour – Ghanaei  et al.  study of patients 

with low SAAG in Northern Iran found that the most frequent 

causes of low SAAG were tuberculous peritonitis, followed by 

malignancy, nephrotic syndrome, and pancreatitis  (15) . How-

ever, concurrent cirrhosis or lack of it was not categorically 

mentioned. Nevertheless, the few published data seem to sup-

port our ' ndings. In the study by Runyon  et al.   (1),  901 ascites 

samples were collected, of which 758 (84.1 % ) samples were 

from patients who had cirrhosis without any other secondary 

cause of ascites and 42 (4.7 % ) samples were classi' ed as mixed 

ascites. Tuberculous peritonitis and malignancy / peritoneal 

carcinomatosis were the most common causes of mixed ascites. 

. e most common reasons for a low SAAG in 42 patients with 

no cirrhosis were peritoneal carcinomatosis, tuberculous peri-

tonitis, nephrogenous / nephrotic syndrome, and pancreatic 

ascites  (1) . 

 Part of our ' ndings pertain to patients with cirrhosis and at 

least one paracentesis yielding a low SAAG in which no iden-

ti' able cause explained the SAAG level of     <    1.1   g / dl. We found 

that approximately 51 %  of patients did revert to an expected 

SAAG of  ≥ 1.1   g / dl. . is is to be expected, given the only 

modest depression of SAAG in these patients and thus the 

narrow margin of error required to reach the  “ magical ”  cutoE  

of 1.1   g / dl. However, a few patients, despite a complete workup, 

continued to have an unexplained low SAAG. Several patients 

in this group with no identi' able etiology did not have an 

AFB culture. On the basis of the low yield from the rest of the 

patients who had an AFB culture, it is reasonable to assume that 

most of these patients would continue to have an unexplained 

low SAAG level. 

 . e actual bene' t from working up a low SAAG in patients 

with cirrhosis is lower than the 38 %  yield we observed. Most of 

the additional etiologies included in this yield did not require 

additional workup: bacterial peritonitis was readily detected by 

an elevated neutrophil count and routine culture in all cases 

of primary and secondary peritonitis (12 patients); peritoneal 

carcinomatosis was highly suggested by abdominal imaging in 

seven patients; pre-existing nephrotic syndrome was seen in all 

' ve patients; and known pulmonary / disseminated tuberculous 

peritonitis was seen in one patient. . us, the diagnostic yield 

may be as low as 5 % . Given that patients with cirrhosis in whom 

additional etiologies were diagnosed had a mean SAAG level of 

0.72, a lower cutoE  for SAAG is likely to have a better positive 

predictive value for nonportal hypertension-related etiologies. 

. is needs to be examined in future studies. 

 . e retrospective study design is a potential limitation of the 

current ' ndings, as it is subjected to variability in the accuracy 

and completeness of documentation of diagnostic workup 

for cirrhosis, as well as low-gradient ascites. A standardized 

workup would have ensured uniformity in the interpretation of 

the workup of a patient with cirrhosis and a low SAAG. . ere 

was also a variance in the collection times of the serum and 

ascites albumin levels among the study population. However, 

we are unaware of a systematic bias in which workup would 

be more or less intense, depending on the presence of cirrhosis 

and, therefore the eE ect of the retrospective design on the study 

' ndings is unclear. Lastly, it is possible, but not likely, that addi-

No Cirrhosis (16)

Cause identified (12)

No cause identified (4)

Peritoneal
carcinomatosis (7)

Secondary peritonitis (2)

Chylous ascites (1)

Nephrotic syndrome (1)

Spontaneous bacterial
peritonitis (1)

  Figure 2 .       Flow diagram for results of diagnostic workup in patients without 
cirrhosis and SAAG     <    1.1   g / dl. SAAG, serum-ascites albumin gradient.  
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tional diagnostic workup was conducted in non-VA facilities 

and therefore missed in this study. 

 In summary, among patients with cirrhosis found to have a 

low SAAG, the overall yield of a workup for additional causes 

of low SAAG level is low. . e standard workup for these 

patients should include analysis of the ascitic L uid for cell 

count, bacterial culture, albumin, and total protein. A repeat 

measurement should be performed, as reversion to a SAAG of 

 ≥ 1.1   g / dl is commonly observed. . ere is, however, a subset of 

patients who, despite having an appropriate workup, may have 

an unexplained low SAAG level; this additional targeted test-

ing includes amylase, triglyceride, AFB, cytology, and urine 

proteins. A small percentage of patients with unexplained low 

SAAG levels do not revert to a high-gradient ascites on repeat 

paracentesis. . e utility of further workup beyond abdominal 

imaging to determine the cause of low-gradient ascites in these 

patients is unde' ned and is likely to be very low.     
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 There is high sensitivity for a high serum-ascites 

albumin gradient (SAAG) ( ≥ 1.1   g / dl) in diagnosing 
ascites related to portal hypertension. 

  3 Patients with mixed ascites have portal  hypertension and 
a variable SAAG level secondary to another  underlying 
diagnosis. 

  WHAT IS NEW HERE  
  3 Low SAAG has poor predictive value for cases in which 

the patient has a low pretest probability for nonportal 
hypertension – related ascites. 

  3 In patients with cirrhosis who have a low SAAG, the 
overall yield of a workup for additional causes of low 
SAAG level is low. 

  3 Repeat measurements should be performed; however, a 
small number of patients will have an unexplained low 
SAAG level. 

  3 The usefulness of further workup beyond abdominal 
imaging to determine the cause of low-gradient ascites 
is undefi ned and likely to be very low.                 




