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Abstract.Hypoalbuminemic patients often have sufficient fluidnixed ex vivqQ and @) 40 mg of furosemide and 25 g of
accumulation to mandate diuretic therapy but are often resabumin infused simultaneously into different arms. Responses
tant to diuresis. Studies have suggested that hypoalbuminem&re assessed by measuring urinary sodium excretion and
itself impairs delivery of effective amounts of diuretic agentelating the urinary furosemide excretion rate to the sodium
into the urine, the site of action. Therefore, administration @xcretion rate. Additionally, the pharmacokinetics of furo-
mixtures of albumin and loop diuretics may enhance responssesmide were assessed. Furosemide pharmacokinetics were
Thirteen patients with biopsy-proven cirrhosis and ascites (aganilar for all treatment arms. Albumin alone had negligible
51.2 = 8.1 yr; Child-Pugh score, 8.5 1.0; serum albumin diuretic effects. Neither albumin regimen increased the re-
concentration, 3.@ 0.6 g/dl) were studied in this randomizedsponse to furosemide. Moreover, the relationship between the
crossover study. Sodium balance was maintained throughauhary furosemide excretion rate and the sodium excretion rate
the study with a metabolic diet. All patients received spironavas unaffected by albumin. In conclusion, albumin failed to
lactone, but administration of all other diuretic agents wamnhance the diuretic effects of furosemide in cirrhotic patients
discontinued. Each patient received all of the following fouwith ascites. Therefore, the coadministration of albumin and
treatments intravenouslyl) 40 mg of furosemide,2) 25 g of furosemide for the treatment of cirrhosis, and likely other
albumin, @) 40 mg of furosemide and 25 g of albumin prehypoalbuminemic conditions, should not be used clinically.

Different strategies have been used to alleviate diuretic redise uncertainty of efficacy, many physicians administer furo-
tance in hypoalbuminemic patients. Infusions of albumin itsesemide/albumin mixtures to enhance diuresis in hypoalbumin-
have been used. Such trials have demonstrated negligible if @myic patients, particularly those with nephrotic syndrome or
benefit (1-16). Specific to this study, recent reports suggestrhosis (13). Examination of this issue among patients with
that albumin/diuretic coadministration results in enhanced diephrotic syndrome is confounded by the proteinuria of such
uresis in patients with cirrhosis or nephrotic syndrome (17-2@atients, which can lead to urinary binding of diuretic agents
This strategy was derived from a study in analbuminemic rgt81). Hypoalbuminemic patients with cirrhosis thus represent a
(18). Those animals exhibited a 10-fold higher volume dfetter model to study this issue. We therefore conducted a
distribution of furosemide than did normal animals, becausandomized crossover study to determine the effects of albu-
there was no albumin to bind furosemide and retain it in thain/furosemide mixtures on the response to furosemide in
plasma. As a result of this large volume of distribution, insufirrhotic subjects with ascites.
ficient concentrations of the diuretic reached secretory sites in
proximal nephrons, with concomitantly little drug secreted intyaterials and Methods
the urine. Therefore, negligible diuretic response ensudogtients
When these animals were treated with a mixture of albumin after institutional review board approval, 13 patients with biopsy-
and furosemide, the volume of distribution decreased, the drpi@ven cirrhosis of varying causes gave written informed consent for
was trapped in plasma and delivered to the urine, and diurgsisticipation in this study. Patient characteristics are listed in Table 1.
was restored (18). All participants were in stable clinical condition, without evidence of
Clinical trials assessing this strategy are conflicting, ar$tive infection, gastrointestinal hemorrhage, or other acute illnesses

most have not been rigorously performed (13,17—20). Despifed. congestive heart failure or untreated endocrinopathies) that
would affect the response to a diuretic agent. All subjects were
awaiting liver transplantation and had Child-Pugh class B or C cir-
rhosis. Patients with alcohol abstinence<tf2 mo, serum creatinine
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Table 1. Patient demographics and clinical characteridtics water load was administered orally before the start of the 30-min
infusion of furosemide and/or albumin, to ensure the ability to pro-

Age (yr) 51.2= 8.1  duce frequent urine samples. Urine and serum samples were collected
Gender (M/F) 11/2 before the dose and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, and 24 h after the
Cause of hypoalbuminemia dose. Urine losses were replaced ® h with equal volumes of

hepatitis C 3 one-half normal saline solution administered intravenously, to prevent

hepatitis B+ C 3 volume depletion and the development of acute diuretic tolerance. The

alcohol 2 concentration of _urinary sodium elicited by Iopp diureFics is reason-

alcohol + hepatitis C 3 ably well approximated by 0.45% normal saline solution; therefore,

. . . this method maintained volume status in each subject.

1 antltryp_SIH deficiency 1 After finishing the first phase of the protocol, subjects continued to

c_ryptogenlc 1 receive the metabolic diet until they reached sodium balance, as
Child-Pugh score 8.5 1.0  previously defined. The second phase of the protocol was then per-
Child-Pugh class (B/C) 1172 formed in a manner identical to the first. Similarly, the third and
Serum albumin concentration (g/dl) 300.6  fourth phases of the protocol were conducted after each volunteer
Serum bilirubin concentration (mg/dl) 2:00.7 attained sodium balance. At least 48 h separated each phase. This
Serum creatinine concentration (mg/dl) 09D.2 design allowed individual subjects to achieve comparable states of

Serum alanine aminotransferase activity (IU/L) #@®%3 sodium balance before each phase of the study, so that they could
serve as their own control subjects. Table 2 demonstrates that the

#Data are mearx SD. participants were in comparable clinical conditions before each phase
of the study.

This strategy was selected in preference to discontinuing splronolﬂzﬁ
. ) ) alyses
tone treatment for all patients because of uncertainty regarding the . . .
. X Serum and urine samples were assayed for sodium, furosemide,
length of spironolactone treatment cessation needed to allow all

effects to dissipate. Participants were admitted to the General Cliniggld creatinine using techniques described in detail elsewhere (22-25).

Research Center at Indiana University Medical Center, where th ecause creatinine clearance values did not change during the study,

remained until completion of the study. At the time of admission, thetg/%se data are not reported. Responses were analyzed in several ways.

were placed on a metabolic diet containing 30 mEq of sodium and gst, total sodium excretion was compared for different treatments.

to 80 mEq of potassium, with 3 L/d of dietary fluids. Administration econd, .the senS|F|V|ty of the nephron to fqrosemlde wa§ determlqed,
of all other diuretic agents was discontinued at the time of admissidh, described previously, by relating the urinary furosemide excretion
ate to the sodium excretion rate (22—25). Third, the pharmacokinetics

This sodium restriction allowed safe discontinuation of these diure{i? ) - ) )
. ) . . of furosemide were examined, because of the potential of albumin to
agents without weight gain throughout the study. Full chemistry pan

. . . .al r these parameters. Standard model-independent methods were
and complete blood count analyses, urinalysis, and baseline wei . A . )
. . ._tdsed to determine the pharmacokinetic parameters of interest (Win-
assessments were performed for each subject at the time of admission. .. ) S . .
onlin version 1.1; Scientific Consulting, Apex, NC). The terminal

Thereatfter, individuals were weighed and serum electrolyte and cn:f.— o . : .
atinine concentrations were measured each morning. In addition Zﬁ_ﬁmnatlon rate constangj was determined by linear regression. The
) ' “elimination half-life was determined a4/2 = 0.693[. The area

urine samples were collected each day for measurement of elecffo”

lytes and creatinine. Patients were equilibrated on the metabolic olfgtder the serum concentratiarsustime curve (AUG") was deter

until they attained sodium balance, as defined by two consecutir\]/“m':‘d by a combination of linear and logarithmic trapezoidal meth-

. - : . ods, with extrapolation to infinity from the last measured serum
24-h urinary sodium excretion values that variet?0% and no . . . o

. . ) . . concentration, using the terminal elimination rate constant. The clear-
change in two consecutive daily weights 0.5 kg. After sodium

balance was attained, participants underwent one of the four phase%no%e of furosemide was calculated as dose/gUC

the study, in random order, as followst) (25 g of albumin alone

administered intravenously in 30 mir)(40 mg of furosemide alone Statistical Analyses

administered intravenously in 30 mir8)(albumin (25 g) and furo-  Statistical analyses were performed using SAS software (SAS, Inc.

semide (40 mg) premixedx vivofor 10 min and infused intrave- Cary, NC). Univariate repeated-measures ANOVA models for a

nously in 30 min, which duplicated the method used by Inetal. crossover design were used to analyze the urine excretion measures.

(18), or @) albumin (25 g) and furosemide (40 mg) infused intravefreatment effects were tested in the primary analysis model with

nously, into opposite forearms simultaneously, in 30 min. control for the period of studyi.g., the time the subject had been in
Patients fasted, except for distilled water, from midnight until 4 the study). The inclusion of the period main effect accounted for the

after administration of the study medication. A 10 ml/kg distilleeffects of metabolic diet duration on the treatment response. Person

Table 2. Documentation of sodium balance before each phase of the®study

- . Furosemide+ Furosemide+ Albumin,
Albumin Furosemide Albumin, Premixed Separate
Weight (kg) 90.2+ 17.4 89.6+ 17.7 89.3+ 17.7 91+ 17.2
Urinary sodium excretion rate (mEqg/d)  24t219.0 23.1+ 20.8 19.6+ 15.9 19.4+ 18.1

2Data are meart SD.
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was treated in the model as a random effect, to account for the fdemrosemide Pharmacokinetics

repeated measurements obtained for each person (one with eadRigure 4 demonstrates serum furosemide concentratiems
treatment). Separate models were used for 6- and 24-h urine measg{fs time, and Table 4 lists the estimated pharmacokinetic
ments. Because diuretic responses returned tg baseliqe levels Wiﬁﬂ?ameters. Albumin infusion would be predicted to poten-
6 h (see below) and because 24-h resuits did not differ from 6ghy, have two effects on the pharmacokinetics of furosemide.
f'nd'ngs’ .the 6-h da}ta are reporte.d' When an overall treatment eﬁ?ﬂst, its binding of furosemide might result in increased AUC
was significant, pairwise comparisons between the treatments were

tested withP adjustment using Sidak’s multiple-comparison proce@nd decreased clearance and volume of distribution values.

dure. The effects of the baseline serum albumin concentration on haiS did not occur in our study. Second, albumin might en-

response to different treatments were tested by adding serum albulifice urinary furosemide excretion, as occurred in the animal
level-treatment interaction to the primary analysis model. Albumitudy of Inoueet al. (18). Table 3 demonstrates a lack of effect

was tested as a continuous variable as well as a categorical varia@fealbumin on the total amount of furosemide excreted into
i.e, <3 g/dl (h = 7) versus>3 g/dl (n = 6). Carryover effect was urine; Figure 2 demonstrates that albumin infusion had no
tested by adding the treatment from the previous period to the primaffect on the time course of furosemide excretion.
analysis model.P values of =0.05 were considered statistically
significant. Discussion
The volume status of hypoalbuminemic patients, including

those with cirrhosis and ascites, can sometimes be difficult to
Results ) manage, because even large doses of potent diuretics have
Response to Furosemide diminished efficacy and result in complicatiorsd, electro-

The effects of albumin on the response to furosemide wegge and acid base disturbances or renal failure) (26). Several
assessed in three ways. First, Table 3 presents the total amoggtgntial mechanisms for such diuretic resistance have been
of urine, sodium, and furosemide excreted in 6 h. Albumigyggested and include hypoalbuminemia, diminished GFR,
alone had no effect; similarly, it had no effect on the diuretigitered pharmacokinetics and pharmacodynamics of loop di-
and natriuretic effects of furosemide (Table 3 and Figure 1).dtetics, and simultaneous administration of nonsteroidal anti-
can be noted from Figure 1 that the response returnedjtlammatory drugs (18,27-31). We specifically examined the
baseline values by 6 h. Second, previous studies demonstraggntial role of hypoalbuminemia in affecting the pharmaco-
that the time course of delivery of a loop diuretic to its urinarkinetics and/or pharmacodynamics of furosemide. We ob-
site of action is an independent determinant of the overglérved no beneficial effect of albumin, arguing that this ther-
response (25). Figure 2 depicts the time course of furosemigleutic strategy should not be used.
delivery into the urine, wherein albumin had no effect. Finally, There has long been interest in the use of intravenously
we and others have demonstrated that the most precise wagdeninistered albumin to enhance diuresis in hypoalbuminemic
assess the pharmacodynamics of a loop diuretic is to relate pagients. After salt-poor human albumin became available in
urinary excretion rate of the diuretic, which reflects the amounb44, several anecdotal reports suggested that albumin infu-
reaching the site of action, to the response as the urinaigns could enhance diuresis in cirrhotic patients (4—8). In
sodium excretion rate (22—-25). Figure 3 demonstrates that tbémtrast, a randomized study published in 1962 demonstrated
relationship was not affected by either method of concomitathtat repeated albumin infusions failed to decrease the diuretic
albumin infusion. Overall, albumin infusion had no effecheeds of cirrhotic subjects with refractory ascites (9). Similar
either on the delivery of furosemide to its site of action (Tablstudies of patients with nephrotic syndrome have demonstrated
3 and Figure 1) or on the sensitivity of the nephron to furaio utility of albumin alone in the treatment of this disorder
semide (Table 3 and Figure 3). (13-16). Moreover, data from this study indicate no diuretic

Despite a wide range of serum albumin concentrations (Zffect of aloumin alone (Table 3 and Figure 1). More recently,
to 4.3 g/dl), we also failed to detect any interaction betwedrwever, Gentiliniet al. (17) demonstrated that albumin infu-
serum albumin concentrations and the response to furosemilen produced a 26% increase in sodium excretion caused by
whether the albumin concentration was analyzed as a continrosemide in hospitalized cirrhotic patients with ascites. That
uous variable or as a categorical variald®e> 0.05). study did not characterize the pharmacokinetics or pharmaco-

Table 3. Effect of albumin on responses to furosemide (0 to ¥ h)

Albumin Alone  Furosemide Alone Albumin + Furosemide, Albumin + Furosemide,

Separate Premixed
Urine volume (ml) 1497 236 2686* 230 2956+ 231 2830+ 231
Urinary sodium excretion (mEQq) 19 15 154+ 14 172+ 15 165+ 14
Urinary furosemide excretion (mg) 22915 22114 18.6t 1.5

#Values are expressed as least-squares me&kEM adjusted for period. Parameters are similar for the furosemide and furosemide plus
albumin phasesR > 0.05); parameters for the albumin phase are significantly lower than those for the other three Phasa@9§).
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Figure 1.Urinary sodium excretion rate produced by furosemide, with and without albumin, in cirrhotic volunteerd ).

dynamics of furosemide and therefore did not offer any mechetween phases of the study. Albumin alone had negligible natri-
anistic clues regarding why albumin would enhance the effiretic effects (13- 8 mEq/4 h) and had no effect on the response
cacy of furosemide. It did reinforce the uncertainty regarding furosemide. Fliseet al. (20) also studied nine patients with
the utility of aloumin in enhancing diuretic responses. nephrotic syndrome. Their study included dietary equilibration,
Studies of patients with nephrotic syndrome have been siahd they measured the amount of furosemide that reached the
ilarly conflicting. The seminal study by Inouet al. (18) in urinary site of action. There was no effect on urinary furosemide
analbuminemic rats also reported the effects ofeanvivo |evels. Albumin increased the response to furosemide by 20%.
mixture of furosemide and albumin in four patients with nethe mechanism seemed to involve an increase in renal blood

phrotic syndrome. All patients exhibited an increase in uringyy Those authors concluded that the effects were statistically
volume, compared with furosemide alone. No information Waggnificant but likely not clinically relevant.

provided with respect to the design of this clinical component o, the pasis of the aforementioned data for analbuminemic
of their study or the results in terms of sodium excretionys ang the data presented above for patients with hypoalbu-

Akicek et al. (19) studied the effects of albumin alone, furoy,inemia it was unclear whether the hypothesis constructed

se?udte alqtr;]e, anﬁl tr:_e comdblnatlonEm E'ghtt.hyi)oalqu'gew m the animal data could be extrapolated to hypoalbumin-
palients with nephrotic syndrome. Each patient received eagly. patients, leading to the motivation for our study. We think

treatment, in random order, but there was no re-ethbrama%]at patients with cirrhosis represent the best clinical model for

examination of the principles underlying the potential utility of
1000 5 albumin/furosemide mixtures. In nephrotic syndrome, results
3 —2- -Furosemide Alone are likely confounded by the rapid excretion of administered
i e e Infusions albumin into the urine and the ability of albumin to bind loop
117 i diuretics in the urine (21). Our data convincingly demonstrated
1004 % . i that coadministration of albumin did not enhance the diuretic
] ) £ response to furosemide. Correspondingly, the pharmacokinet-
] 5{% .. ics and pharmacodynamics of furosemide were not altered by
10,4 ‘:-_-:%L_ - concomitant albumin administration (Tables 3 and 4 and Fig-
3 ) ~i ures 2 and 4). This lack of effect has several possible expla-
nations. First, the dose of albumin infused may not have been
sufficient. We doubt that this is a reasonable explanation,
1 4T T because the dose of albumin used in our study was twice the
amount used by Gentiliret al. (17) and was the same as that
used by Inouest al. (18). Moreover, the use of larger doses of
Figure 2. Urinary excretion rate of furosemide, with and withoulbumin would not be practical and would be expensive. Sec-
albumin. ond, it may be necessary to administer repeated doses of

Excretion Rate (mcg/min)

Time (hrs)
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Figure 3.Relationship between the urinary furosemide excretion rate and the sodium excretion rate, with and without albumin.

albumin to produce benefits. This issue was not addressedtion, we tested for a relationship between diuretic response and
our study, but previous studies with repeated doses of albursgrum albumin concentrations and found none. Fourth, the
yielded mixed results (4-9). Third, it is possible that theample size may not have been sufficient for detection of a
baseline serum albumin concentration in our study populatisignificant effect. We observed a mean difference in the 6-h
was not low enough to yield a benefit from albumin infusiorurinary sodium excretion produced by furosemide with and
However, we consider this possibility to be unlikely, becauseithout albumin of 9.7 mEq, with a SD of 81.7 mEqg. On the
similar albumin concentrations were observed in the patieritasis of these data, we would need to study 563 patients to
described by Gentilingt al. (17) and in our patients (3.8 0.7 demonstrate a difference with 80% power at the 5% signifi-
and 3.0+ 0.6 g/dl, respectively). The range of albumin coneance level. Even if we proved a significant effect with such a
centrations for our patients was 2.1 to 4.3 g/dl. Therefore, @ample size, it is apparent that the magnitude of that effect
included patients with substantial hypoalbuminemia. In addivould not be clinically relevant.
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Figure 4. Serum concentration of furosemigersustime, with and without albumin.
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Table 4. Effect of albumin coadministration on the pharmacokinetics of furosemide

Furosemide Alone

Furosemide+ Albumin,

Furosemidet+ Albumin,

Separate Premixed

ti2 () 1.1(1.0t0 1.2)
AUC,” (mg X hiL) 49 (4.0t05.8)
CL (L/h) 9.2 (7.4 t0 11.0)
Va (L) 14.2 (11.6 to 16.8)

1.0 (0.9 to 1.1)
5.0 (4.2105.7)
9.0 (7.0 to 10.9)
13.3 (10.2 to 16.5)

1.1(1.0t0 1.2)
4.8 (4.0 10 7.6)
9.0 (7.6 to 10.5)
13.6 (11.9 to 15.3)

clearancel,, volume of distribution.

Although our crossover design decreased interindividu&d.

variability, the design presents a potential risk of carryover
effects. We minimized such effects by including a washodg-

period and by attaining sodium balance before each phase of

the study. Moreover, the statistical absence of any effect of
previous treatment argues against carryover effects. :

In conclusion, albumin administered in &x vivomixture

with furosemide or administered simultaneously with furgt?
semide did not enhance diuretic effects in patients with cirrhg-
sis and ascites. In addition, the administration of albumin dlg"
not alter the pharmacokinetics or pharmacodynamics of furo-

semide. These data argue against the clinical use of this thgy

apeutic strategy. It is likely that these results can be extrapo-
lated to other hypoalbuminemic disorders, such as nephrofi¢
syndrome.
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