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Moderate hyperkalemia in hospitalized patients with cirrhotic ascites
indicates a poor prognosis
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Abstract

Objective. Development of ascites in patients with liver cirrhosis is an ominous sign with a poor outcome. A liver transplantation
must be considered, and it then becomes important to know if there are any factors indicating a worsened prognosis. Material
and methods. We used official registers for a follow-up study of at least 5 years considering the prognosis of 155 prospectively
recruited in-patients with cirrhotic ascites from medical units at nine Swedish university hospitals. All patients had undergone at
least one diagnostic ascites tap, and had initially been questioned about background factors and physically examined according to
a standardized case record form, followed by sampling of blood, urine, and ascites. Results. Death occurred within 1 year after
inclusion in 53% of the cases, and was primarily liver-related in 70%. In a multivariable analysis, the two ordinary variables that
showed the strongest correlation with risk of death were serum potassium and abdominal tenderness. All 22 patients with a serum
potassium concentration of at least 4.8 mmol/LL. (maximum 5.8 mmol/L) died within 1 year after inclusion. Potassium
concentration was related to renal function and potassium-saving drugs. Conclusion.This follow-up study of a prospectively
recruited cohort of in-patients with cirrhotic ascites confirms their poor prognosis. Awareness of an elevated serum potassium
value, which would reflect a threatened renal function, seems essential, because it may offer a simple way to identify cases with
the worst prognosis. An area for further research should be to explore the significance of including serum potassium in prognostic
models.
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Introduction carcinoma. Thus, it is important to identify those

patients who have a high risk of deterioration and

The development of ascites in a patient with liver
cirrhosis signals the end stage of liver disease, with
an estimated 1-year survival of at most 80% [1]. Several
therapeutic measures are available to relieve this symp-
tom, but orthotopic liver transplantation (OLT) is
the only way to eliminate the problem and to avoid
the ultimate risk, development of hepatocellular

who are suitable for an OLT. Two scoring systems
have been introduced and generally accepted
for patients with end-stage liver disease, the CTP
(Child-Turcotte-Pugh) score [2] and the MELD
(model for end-stage liver disease) score [3]. It is not
clear which of these is the best predictor of mortality.
Although there are several reports claiming superiority
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for the MELD score, other reports indicate an equal [4]
or even better [5] prognostic value of the CTP score.
Another way to estimate the severity of liver disease is to
use prognostic indices, a technique proposed by
researchers such as the Barcelona group [6].

The applicability and the goodness of a prognostic
score depend on the population studied. This study
focuses on patients who have developed cirrhotic ascites.
For this patient group, it would be of interest to explore
the usefulness of ordinary data from case histories,
physical examinations, and ordinary blood tests as
predictors of death. We included not only laboratory
tests primarily reflecting liver function but also other
data, to explore whether signs of infection and renal
impairment influenced the prognosis. For example, it is
generally accepted that both spontaneous bacterial peri-
tonitis (SBP) and hepatorenal syndrome worsen the
prognosis in patients with cirrhotic ascites.

We recently published a report on symptoms and
signs indicating SBP [7]. The study was based on data
from a cohort of prospectively recruited in-patients
with portal hypertension and ascites with no know-
ledge regarding possible SBP before inclusion. We
judged that this cohort, which excluded those with
ascites due to a cause other than cirrhosis with portal
hypertension, would also suit the aim of studying
whether initially registered symptoms, signs, and
laboratory tests from an ascites episode could be
related to the prognosis in any way.

Patients and methods

The study population comprised prospectively
recruited in-patients with a diagnosis of cirrhotic
ascites, treated at nine university hospitals in Sweden
between June 1998 and October 2002. Most of these
cases had been hospitalized because of this compli-
cation. Inclusion in the study was not restricted to
cases with a formerly untreated ascites. Only data
from the first ascites episode during the study period
were registered. All patients recruited to our study
were followed until the end of 2007, that is, for at least
5 years. In 155 cases (110 men, 45 women; mean age
59.8 years, range 36-89), it was possible to find all
data about diagnoses during hospital care, including
hepatocellular carcinoma and OLT, and date and
cause of death from various official Swedish health
registers at the National Board of Health and Welfare
(the Swedish Cause of Death Register, the Swedish
Cancer Registry, and the National Patient Register).
The death certificates from the Register enclosed
information about primary and contributing causes
of death as well as underlying disease and thus
generally made it possible to assess if the death cause
was related to an underlying liver disease.
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All patients were initially questioned by one of the
authors at the hospital about background factors,
alcohol habits, infections, and drugs. A regular daily
intake of at least 20 g alcohol was chosen as possibly
harmful and was classified as i) never (0 points),
ii) before but not during the last week prior to inclu-
sion (1 point), or iii) during the last week before
inclusion (2 points).

Medical files were checked for information on
earlier treatment for SBP, esophageal varices, and
encephalopathy. All patients were initially physically
examined by one of the authors at the hospital accor-
ding to a standardized form regarding mental state,
signs of infection, and abdominal state including
presence of tenderness before the ascites tap. The
ascites volume was determined as the fluid volume
received by total paracentesis with a complete ascites
mobilization as the goal (maximum 24 liters). Results
from routine analyses of blood, serum, ascites, and
urine were also recorded in accordance with a struc-
tured schedule, and the patients were then classified
according to the CTP classification [2]. We used
two different ranges for the INR middle group:
CTP; defined by converting the prothrombin time
limits, given as % values, reported by Albers et al. [2]
(i.e., INR 1.2-1.5), and CTPp defined as the
range recommended by authors such as Sherlock
and Dooley [8] (i.e., INR 1.7-2.3). MELD score
was calculated with the calculator presented by MD
+Calc (http://www.mdcalc.com), using the formula
9.57 * In(serum creatinine, mg/dL) + 3.78 * In(serum
bilirubin, mg/dL) + 11.20 * In(INR) + 6.43.

Body mass index (BMI), calculated after ascites
mobilization, was used to reflect malnutrition. SBP
was diagnosed when there was a neutrocytic ascites
with at least 0.250%10° polymorphonuclear leuko-
cytes per liter in the absence of an abdominal infec-
tious focus [9].

Considering factors that could be closely related
to the prognosis, we chose reasonable cut-off
points to identify patients with the worst prognosis.
Thus, the cohort was classified with regard to
i) presence of abdominal tenderness; ii) serum potas-
sium below, in the lower range of, in the upper range
of, or above the current reference range used today
(3.6—4.6 mmol/L); and iii)) a MELD score of at least
10, 20, or 30 points as used by authors such as
Wiesner et al. [10], and analyzed considering death
or OLT within 1 year after inclusion.

We used standard methods for correlations between
risk variables. The hazard function for death was
estimated by use of a Poisson regression model, with
the follow-up period for each individual divided into
intervals of 0.05 years. First, a series of analyses were
performed including current age and time since start of
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Table I. Laboratory tests and MELD and CTP scores (see text) in patients with cirrhotic ascites; hazard ratio (HR) and confidence interval
(CID). B =blood, S = serum, AST = aspartate amino transferase, AL'T = alanine amino transferase, ALP = alkaline phosphatases, NS = not

significant, * = p < 0.05, ** = p < 0.01, *** = p < 0.001.

N Mean HR CI p-value
B-Hemoglobin (g/L) 155 114.7 1.00 0.99-1.01 NS
B-Leukocytes (10°/L) 153 10.3 1.02 0.99-1.05 NS
B-Platelets (10°/L) 154 178.6 1.00 1.00-1.00 NS
S-AST (ukat/L)’ 154 2.08 1.14 1.09-1.20 0.0000***
S-ALT (ukat/L)* 154 0.89 1.51 1.29-1.77 0.0000***
S-ALP (ukat/L)’ 153 8.8 1.03 1.01-1.06 0.0172%
S-Bilirubin (mmol/L) 153 102 1.00 1.00-1.01 0.0004***
INR 153 1.49 0.82 0.45-1.50 0.5278NS
S-Sodium (mmol/L) 155 133.3 0.96 0.93-1.00 0.0700NS
S-K (mmol/L) 155 3.99 2.18 1.57-3.03 0.0000***
S-Creatinine (mmol/L) 154 131.6 1.00 1.00-1.00 0.0274*
S-Urea (mmol/L) 88 11.00 1.05 1.02-1.07 0.0001***
S-Albumin (g/L) 147 24.87 1.01 0.98-1.03 0.6145NS
CTP; score 142 11.2 1.04 0.98-1.09 0.1705NS
CTPy; score 142 10.2 1.05 0.99-1.11 0.1061NS
MELD score 150 17.4 1.04 1.01-1.06 0.0039**

1Upper limits of normal were for AST 0.8, ALT 0.8, and ALP 5.0.

follow-up plus another covariate. The variables which
turned out to be significant predictors were entered
into a stepwise (forward) multivariable analysis. The
follow-up of a patient was censored at OLT. We
characterized the goodness of some predictors using
the gradient of risk per 1 standard deviation [11],
which is the hazard ratio obtained when comparing
two individuals who differ by 1 standard deviation with
respect to the risk variable. Although gradient of risk
for death per standard deviation is reported to be a
more adequate method than the area under the ROC
curve, which is frequently used to show the discrimi-
native ability of a test, we also calculated these curves at
1 month, at 1 year, and at 5 years after inclusion in the
study. Based on the results of Poisson regression it was
possible to construct a risk formula. A p-value
< 0.05 was regarded as significant.

The Regional Ethical Review Board in Gothenburg
approved the study at each center (T 717-08).

Results

All 155 patients were followed for more than 5 years
or until death or OLT, the total follow-up period
being 314.3 years. In the majority of cases
(n=106) the etiology of the liver cirrhosis was alcohol
alone, and in further 13 patients alcohol was a con-
tributing factor. A hepatitis C virus infection was
present in 12 of these 13 cases, and in further
12 patients. Nine patients had primary biliary cirrho-
sis, and three primary sclerosing cholangitis. In
10 cases the cause of the liver disease was not spec-
ified. Esophageal varices were diagnosed in 57 of
97 examined patients (59%). In 25 of 153 cases

(16%), an episode of hepatic encephalopathy had
been reported prior to the inclusion, and this sign
was present at inclusion in 29 of 153 cases (19%). The
mean BMI, which could be calculated in 103 patients,
was 23.7 (range 14.0-37.6).

The results of the routine laboratory analyses are
presented in Table I. Serum urea was the only test
with a significant number of missing values (43%).
One patient had a CTP score of 7 points and the
others had a CTP score of at least 8 points, using
Albers limits, showing an absence of patients in CTP
class A. The majority of the patients were in class C
(n = 108) and the rest in class B (z = 34). The mean
MELD score was 17.4 (range 6-45).

Forty-four patients (28%) reported a daily intake of
at least 20 g ethanol during the week prior to admis-
sion, 54 were abstainers, and the rest (n = 55) con-
stituted a middle group. The liver function as
reflected by INR was poor in patients with a current
drinking (mean 1.62), better in the middle group
(mean 1.52), and best in the abstainers (mean
1.37) with a significant correlation (r = 0.29,
p=0.0003). Information on drug consumption prior
to inclusion in the study was available for 142 of the
155 patients. Potassium-saving drugs had been given
before inclusion in 83 cases, mainly spironolactone
(n = 79) and the rest amiloride (n = 4). Another
three patients had been given potassium chloride
before inclusion. The use of these three drugs did
not correlate with prognosis (p = 0.2706).

An OLT was performed in 11 patients within the
first year after inclusion. Two of these died within the
first year and another one within the next year,
whereas the other eight patients survived for more



Table II. One-year survival in 155 patients according to abdominal
tenderness, serum potassium value (ref. value 3.6—4.6 mmol/L),
and MELD score at inclusion in the study.

OLT and/or death <1 year

OLT No OLT

Dead Alive Dead Alive (%) All
Abdominal tenderness
No 2 8 46 46' (45) 102
Yes 0 1 33 16 (32) 50
All 2 9 79 62! (41) 152
Serum potassium
<3.6 0 4 15 24 (56) 43
3.6-4.1 1 2 24 27 (50) 54
4.2-4.6 1 3 19 12 (34) 35
> 4.6 0 0 22 1(4) 23
All 2 9 80 64 (41) 155
MELD score
6-9 0 2 10 15 (56) 27
10-19 1 6 34 29 (41) 70
20-29 1 0 27 16 (36) 44
> 30 0 1 6 2% (22) 9
All 2 9 77 62 (41) 150

'This figure includes two patients with OLT performed > 1 year
after inclusion; This figure includes one patient with score 32, and
one patient with score 34.

than 5 years. Two further patients had an OLT
performed more than 1 year after inclusion.

The risk of death was most striking during the first
year after inclusion in the study. Within 1 year after
inclusion in the study, 82 patients were dead, inclu-
ding two OLT cases (53%); 11 of these deaths
were due to a non-liver-related diagnosis, such as
lymphoma (z = 1), myocardial infarction (n = 1),
and pneumonia (z = 1). In 14 cases, a liver disability
contributed to the death, but in 57 patients (70%) the
cause of death was registered as primarily liver-
related: liver failure (z = 28), liver cirrhosis
(n = 12), liver cancer (n = 6); hepatorenal syndrome
(n = 6), esophageal varices (n = 4), and alcoholic
hepatitis (z = 1).

Umnivariable analyses

Besides alcohol habits, we could not find any variable
in the case histories, including former or present SBP,
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which could be related to the prognosis, although we
did find a relation to bacterial growth in the ascites
(p = 0.0202). Considering alcohol habits, we found a
significant inverse correlation with risk of death; a
recent intake was related to a better prognosis (HR
0.70, CI 0.56-0.89, p = 0.0028).

Among the physical signs, only abdominal tender-
ness was indicative of a poor outcome (p = 0.0040).
This physical sign was correlated with present SBP
(r=0.293, CI 0.128-0.441, p = 0.0050) but not with
the amount of ascites (p = 0.67). Sixteen of the
50 patients (32.0%) with abdominal tenderness
were still alive and without an OLT 1 year after
inclusion, compared to 46 of 102 patients (45.1%)
without this sign (Table II). An OLT was performed
in one patient with abdominal tenderness (2.0%) and
in 10 patients without this sign (9.8%).

A strong relation was found between liver labora-
tory tests and risk of death, with the exception of the
variable INR (Table I). A correlation with death was
found for serum urea (p = 0.0001) and for serum
creatinine (p =0.0274). A positive correlation was also
found for serum potassium (p < 0.0001); patients with
hypokalemia showed the best prognosis (Table II).
Potassium values were correlated with renal function
as reflected by creatinine (r = 0.24, p = 0.0034) and
urea (r=0.34, p = 0.0015), and with reported use of
potassium-saving drugs or potassium chloride
(r=0.25, p = 0.0027) (Table III).

Looking at the relation between risk of death and
the scoring systems, we found a correlation with
MELD score (p = 0.0039) but not with CTP score,
regardless of the INR limits used (Table I). However,
the MELD score was correlated with the two CTP
scores (r = 0.6, CI 0.5-0.7, p < 0.001).

The area under the ROC curve was determined for
some laboratory tests used as surrogate markers of the
kidney function, and some scoring models at different
time points after inclusion in the study (Table IV).

We found a substantial number of patients
above the chosen upper cut-off levels for some
factors (abdominal tenderness, serum potassium,
and MELD score), which turned out to be closely
related to a poor prognosis; hyperkalemia showed the
best predictive power (Table IT). All 22 patients with a

Table III. Use of potassium-saving drugs or potassium chloride in 155 patients according to serum potassium at inclusion in the study.

Type of potassium-saving drug

S-K Spironolactone Amiloride Potassium chloride None No drug declared All

<3.6 15 0 2 22 4 43
3.6-4.1 23 3 1 20 7 54
4.2-4.6 26 0 0 8 1 35
>4.6 15 1 0 6 1 23
All 79 4 3 56 13 155
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Table IV. Area under the ROC curve (95% CI) for death at 1 month, at one year, and at five years after inclusion in the present study for
routine laboratory tests reflecting kidney function, some scoring models, and the risk formula, which is described in the Multivariable analysis
section and constructed according to the results of the study. The abbreviations CTP;, CTPy, and MELD are explained in the Methods

section.

1 month 1 year 5 years
S-K 0.744 (0.641-0.847) 0.710 (0.629-0.790) 0.662 (0.563-0.761)
S-Urea 0.839 (0.727-0.952) 0.717 (0.610-0.824) 0.637 (0.509-0.765)
S-Creatinine 0.729 (0.623-0.834) 0.693 (0.610-0.776) 0.663 (0.564-0.762)
CTPy score 0.656 (0.538-0.773) 0.538 (0.443-0.633) 0.470 (0.359-0.581)
CTPy score 0.672 (0.557-0.788) 0.568 (0.474-0.663) 0.495 (0.383-0.6006)
MELD score 0.772 (0.674-0.870) 0.643 (0.555-0.731) 0.560 (0.455-0.666)

Our risk formula 0.761 (0.661-0.861)

0.742 (0.664-0.821) 0.698 (0.602-0.795)

serum potassium concentration of at least 4.8 mmol/L
died within 1 year after inclusion.

Multivariable analysis

The multivariable analysis was performed in a step-
wise manner (forward). Variables were entered if they
were significant when age and follow-up period were
included, provided that the number of missing values
was less than 20. Serum potassium (Table V) was the
variable with the highest gradient of risk per 1 standard
deviation (1.68). The corresponding gradients of risk
for AST and MELD were 1.51 and 1.32, respectively.

The multivariable model resulted in the con-
struction of a linear risk variable: 0.7717*(serum
potassium) + 0.5356 *(abdominal tenderness) +
0.0961*(serum AST) — 0.3449*(alcohol use). The
multivariable hazard function can be used for calcula-
tion of the probability of surviving, for example, for 1,
2, and 5 years. The gradient of risk for the linear
combination of these four variables was 2.30. The
effects of changes in age and in the four variables
are exemplified in Table VI. Even if the prognosis of
most patients is poor, we can see from this table that
some patients have a less poor prognosis.

Discussion

The Swedish official population and patient registers
offer an excellent tool in follow-up studies. We there-
fore think that our results should be representative
and reliable.

The reason for the unexpectedly high 1-year
mortality in our study, compared with most other
studies [1], is probably that our patients had an
advanced liver disease, which was apparent according
to the baseline data. Furthermore, they were included
irrespective of the time point when ascites first
appeared. It must also be pointed out that our study
was not restricted to patients awaiting OLT.

Our finding of a better prognosis in patients with
current alcohol consumption could be explained by
the fact that this is an external factor that could be,
and therefore often is, eliminated or reduced, resul-
ting in an improved outcome [12]. This interpretation
does not contradict our finding of the poorest liver
function in the group of current drinking patients, and
alcohol should thus not be regarded as a preventive
factor. Alcohol as underlying cause of the liver
disease, on the other hand, is reported to have no
influence on the prognosis for patients awaiting OLT,
probably because a ceased alcohol intake is already a
prerequisite for OLT [3]. As a consequence, cause of
liver disease was omitted in the revision of the original
MELD score calculation [13].

The role of abdominal tenderness for a shortened
survival is not easily understood, especially regarding
the probable changeability of this physical sign, and
we cannot explain why OLT was more commonly
performed in patients without this sign. One reason
for a worsened prognosis in patients with this sign
could be a fast developing liver disease with a con-
comitant fast ascites formation and an associated
abdominal tenderness, but this hypothesis could

Table V. Variables from the multivariable analyses; hazard ratio (HR) and confidence interval (CI). *=p < 0.05, **=p < 0.01, ***=p < 0.001.

Beta value HR CI p-value
S-K 0.7717 2.16 1.56-2.99 0.0000***
Abdominal tenderness 0.5356 1.71 1.16-2.52 0.0071**
Alcohol use -0.3449 0.71 0.56-0.89 0.0037**
S-AST 0.0961 1.10 1.05-1.16 0.0001***

Besides the variables above, the hazard function includes a constant and four variables, which are functions of updated time since start of

follow-up and of age.
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Table VI. The hazard function mentioned in the text could be used for the calculation of the 1-, 2-, and 5-year survival; see examples below.
Thus it is possible to apply the results to present a risk engine in this area.

Probability of surviving

Abdominal Alcohol use
Age tenderness S-K S-AST (see text) 1 year 2 years 5 years
73.62 0 3.7 1.3 1 0.496 0.382 0.218
70.70 0 4.1 0.98 1 0.384 0.269 0.125
61.80 0 4.0 4.1 1 0.326 0.209 0.073
56.92 1 4.5 1.56 0 0.084 0.031 0.003
59.27 0 2.9 1.78 2 0.785 0.714 0.566
51.69 0 4.5 1.72 1 0.442 0.320 0.147
44.42 0 3.3 5.1 2 0.799 0.730 0.589
46.28 0 4.4 1.4 0 0.449 0.326 0.152
46.01 0 5.8 1.2 1 0.198 0.104 0.022
41.65 0 2.6 1.5 1 0.891 0.852 0.763

not be tested due to lack of relevant data. Because an
ultrasound was not regularly performed it was not
possible to exclude a possible portal thrombosis as
cause of the tenderness. We have previously shown an
association between abdominal tenderness and SBP
[7], which is known to have a poor outcome, but in
this prolonged study former or present SBP was not
related to the long-term prognosis. Thus, the reason
for a shortened survival in patients with abdominal
tenderness seems obscure. However, in this study this
sign did not discriminate well enough as a predictor.
We therefore think that the finding of abdominal
tenderness, although important, should not be used
alone as a prognostic tool.

In the surveillance of patients with liver cirrhosis,
especially when an OLT must be considered, it is
important to have reliable prognostic tools. Child and
Turcotte introduced a scoring system for patients with
esophageal varices [14]. One of the five components,
nutritional state, was later changed to the prothrom-
bin value by Pugh et al. in 1973 [15]. Since then the
CTP score has been used in several studies and is still
considered useful. For more than one decade pro-
thrombin has been measured as a ratio, “international
normalized ratio” (INR), but without any clear
declaration how the limits used correspond to the
limits used by Pugh et al. This could at least partly
explain the lack of correlation in the present study.
Furthermore, because the presence of ascites is one of
the components in the CTP score it may be inappro-
priate to use this sign in a study of patients where this
finding is obligatory for inclusion. Another problem
connected with the use of the CTP score is its insta-
bility. Elimination of ascites due to diuretics as well as
successful treatment of hepatic encephalopathy could
reduce the CTP score with at least one point [8].
A reduced INR due to therapeutic efforts against
the cause of the liver disease, for example alcohol
abstention, may also lead to a reduced CTP score.

An attempt to find a better prognostic instrument
for patients on the transplantation list resulted in
the development of the MELD score, in which the
prothrombin value also plays an important role. How-
ever, the widespread use of the INR for describing
liver function could be questioned, because the INR
correction factor “international sensitivity index”
(ISI) is generally developed for warfarin-treated
patients and not for patients with liver diseases
[16,17]. Thus, when using INR it is important to
know if it is consistent for liver patients. The problems
connected with INR calculation and limits may at
least partly explain the lack of a correlation between
INR and prognosis, found in our study.

Because progress to hepatorenal syndrome is asso-
ciated with a high mortality and kidney function is
important in the development of ascites, it seems
reasonable to study the relation between kidney
function and prognosis. However, the CTP scoring
model does not include variables indicating a dis-
turbed renal function. Giannini et al. found that the
inclusion of serum creatinine in the CTP score did not
improve the scoring efficacy [18], but conversely
Papatheodoridis et al. reported that a creatinine-
modified Child-Pugh score was better than CTP
and comparable to MELD score and therefore useful
in daily clinical practice [19]. MELD score, on the
other hand, includes renal function measured as
serum creatinine, which was also found to be an
essential component in calculating the prognostic
index, as described by the Barcelona group [6]. How-
ever, this laboratory test has several disadvantages as a
measure of kidney function. Although values within
the reference range are generally considered normal,
this reference range may not be valid for patients with
liver cirrhosis, and hence these disadvantages may
also apply to its use as a measure in cirrhotic patients
with values within the reference range [20]. This can
explain our finding that the prognosis did not show
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the same good correlation with serum creatinine as
with serum urea, which in some ways better reflects
renal function. However, it must be pointed out that
serum urea may be as good as serum potassium as a
prognostic predictor or even better, but this analysis
was unexpectedly not used as a routine laboratory
test. It must also be mentioned that serum creatinine
and serum urea, as well as serum potassium, are
surrogate markers of the renal function.

Due to ADH-linked water retention patients with
ascites generally have a dilutional hyponatremia,
although they also have sodium retention. This has
led to the hypothesis that hyponatremia is another
sign of poor prognosis; evidence for this was demon-
strated by Biggins et al., who investigated patients
with serum sodium < 126 mmol/LL [21], but our
study showed no significant correlation between
low serum sodium and a poor prognosis. Recent
studies, however, indicate that serum sodium should
be included in the MELD score among patients
awaiting OLT [22,23].

The main reason for our finding of a strong relation
between serum potassium and prognosis, which to
our knowledge has not been described earlier, is
probably related to the severity of the disease and
the need for therapeutic drugs, which in cases with a
threatened renal function may result in hyperkalemia.
This is in line with our finding of a relation between
serum potassium and creatinine as well as urea
values, but it seems unlikely that the poor outcome
was a treatment effect, because use of drugs with risk
of hyperkalemia did not relate to the prognosis.
Thus, we propose that the appearance of hyperkale-
mia indicates a worsened prognosis in cirrhotic
patients with ascites reflecting an endangered renal
function. Furthermore, serum potassium seems to be
the routine test that would suit as a proper surrogate
marker of a renal dysfunction in cirrhotic patients
with an acute ascites episode, because this test showed
a stronger relation to prognosis than serum creatinine.

In conclusion, our study indicates that appearance
of hyperkalemia in a cirrhotic patient with ascites is a
finding that must be considered seriously and would
be a useful factor to include in prognostic models. To
further interpret the unexpectedly strong relation
between S-K values and prognosis, it would be of
interest to analyze data in patient groups separated
according to S-K values before, and at various time
points after start of diuretic therapy, indicating need
for additional studies.

Acknowledgments

The study, which was supported financially by
faculty grants, was initiated as a collaboration project

within SILK, the Swedish Internal Medicine Liver
Club, which is supported by Meda. We are deeply
grateful to our coworkers and colleagues, Rolf
Olsson, and Ulrika Broomé, whose deaths prevented
their final contributions to our report. We also thank
Annika Bergquist, Ake Danielsson, Hans Glaumann,
Stefan Lindgren, Per Sangfelt, Per Stal, Hans
Verbaan, and Marten Werner, all members of the
SILK group, who were participating investigators and
served as scientific advisors.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] DAmico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic
review of 118 studies. J Hepatol 2006;44:217-31.

[2] Albers I, Hartmann H, Bircher J, Creutzfeldt W. Superiority
of the Child-Pugh classification to quantitative liver function
tests for assessing prognosis of liver cirrhosis. Scand J Gas-
troenterol 1989;24:269-76.

[3] Kamath PS, Wiesner RH, Malinchoc M, Kremers W,
Thernau TM, Kosberg CL, et al. A model to predict survival
in patients with end-stage liver disease. Hepatology 2001;33:
464-70.

[4] Attia KA, Ackoundou-N’guessan KC, Ndri-yoman AT,
Mahassadi AK, Messou E, Bathaix YF, et al. Child-Pugh-
Turcotte versus Meld score for predicting survival in a
retrospective cohort of black African cirrhotic patients. World
J Gastroenterol 2008;14:286-91.

[5] Gotthardt D, Weiss KH, Baumgirtner M, Bruckner T,
Sauer P. Limitations of the MELD score in predicting
mortality or need for removal from waiting list in
patients awaiting liver transplantation. BMC Gastroenterol
2009;9:72.

[6] Fernandez-Esparrach G, Sanchez-Fueyo A, Ginés P, Uriz ],
Quinté L, Ventura PJ, et al. A prognostic model for pre-
dicting survival in cirrhosis with ascites. ] Hepatol 2001;34:
46-52.

[7] Wallerstedt S, Olsson R, Simrén M, Broomé U, Wahlin S,
Loof L, et al. Abdominal tenderness in ascites patients
indicates spontaneous bacterial peritonitis. Eur ] Intern
Med 2007;18:44-7.

[8] Sherlock S, Dooley J. Diseases of the liver and biliary system.
11th ed. Oxford, UK: Blackwell Science; 2002. p 658.

[9] Rimola A, Garcia-Tsao G, Navasa M, Piddock LJV,
Planas R, Bernard B, et al. Diagnosis, treatment and pro-
phylaxis of spontaneous bacterial peritonitis: a consensus
document. J Hepatol 2000;32:142-53.

[10] Wiesner R, Edwards E, Freeman R, Harper A, Kim R,
Kamath P, et al. Model for end-stage liver disease
(MELD) and allocation of donor livers. Gastroenterology
2003;124:91-6.

[11] Marshall D, Johnell O, Wedel H. Meta-analysis of how well
measures of bone mineral density predict occurrence of
osteoporotic fractures. BMJ 1996;312:1254-9.

[12] DAmico G, Morabito A, Pagliaro L, Marubini E. Survival
and prognostic indicators in compensated and decompen-
sated cirrhosis. Dig Dis Sci 1986;31:468-75.



[13]

[14]

[15]

[16]

[17]

(18]

Cholongitas E, Marelli L, Shusang V, Senzolo M, Rolles K,
Patch D, et al. A systematic review of the performance of the
model for end-stage liver disease (MELD) in the setting of
liver transplantation. Liver Transpl 2006;12:1049-61.
Child CG, Turcotte JG. Surgery and portal hypertension. In
Child CG, editor. The liver and portal hypertension. Phila-
delphia: WB Saunders Co; 1964. pp 50-8.

Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC,
Williams R. Transection of the oesophagus for bleeding
oesophageal varices. Br J Surg 1973;60:646-9.

Tripodi A, Chantarangkul V, Primignani M, Fabris F,
DellEra A, Sei C, et al. The international normalized ratio
calibrated for cirrhosis (INR(liver)) normalizes prothrombin
time results for model for end-stage liver disease calculation.
Hepatology 2007;46:520-7.

Bellest L, Eschwege V, Poupon R, Chazouillieres O,
Robert A. A modified international normalized ratio as an
effective way of prothrombin time standardization in hepa-
tology. Hepatology 2007;46:528-34.

Giannini E, Botta E, Fumagalli A, Malfatti F, Testa E,
Chiarbonello B, et al. Can inclusion of serum creatinine
values improve the Child-Turcotte-Pugh score and challenge
the prognostic yield of the model for end-stage liver

(19]

(20]

(21]

(22]

(23]

Hyperkalemia and ascites 365

disease score in the short-term prognostic assessment of
cirrhotic patients? Liver Int 2004;24:465-70.
Papatheodoridis GV, Cholongitas E, Dimitriadou E,
Touloumi G, Sevastianos V, Archimandritris A]. MELD
vs Child-Pugh and creatinine-modified Child Pugh score
for predicting survival in patients with decompensated
cirrhosis. World J Gastroenterol 2005;11:3099-104.
Francoz C, Glotz D, Moreau R, Durand F. The evaluation of
renal function and disease in patients with cirrhois. ] Hepatol
2010;52:605-13.

Biggins SW, Rodriguez H]J, Bacchetti P, Bass NM,
Roberts JP, Terrault NA. Serum sodium predicts mortality
in patients listed for liver transplantation. Hepatology 2005;
41:32-9.

Londono MC, Cardenas A, Guevara M, Quinté L,
de Las Heras D, Navasa M, et al. MELD score and serum
sodium in the prediction of survival of patients with cirrhosis
awaiting liver transplantation. Gut 2007;56:1283-90.

Leise MD, Kim WR, Kremers WK, Larsson JJ, Benson JT,
Thernau TM. A revised model for end-stage liver
disease optimizes prediction of mortality among patients
awaiting liver transplantation. Gastroenterology 2011;140:
1952-60.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


