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Abstract

Background: Intradialytic hypotension (IDH) is a frequent complication of intermittent hemodialysis (IHD), occurring
from 15 to 50% of ambulatory sessions, and is more frequent among hospitalized patients with hypoalbuminemia.
IDH limits adequate fluid removal and increases the risk for vascular access thrombosis, early hemodialysis (HD) ter-
mination, and mortality. Albumin infusion before and during therapy has been used for treating IDH with the varying
results. We evaluated the efficacy of albumin infusion in preventing IDH during IHD in hypoalbuminemic inpatients.

Methods: A randomized, crossover trial was performed in 65 AKI or ESKD patients with hypoalbuminemia (albu-
min < 3 g/dl) who required HD during hospitalization. Patients were randomized to receive 100 ml of either
0.9%sodium chloride or 25% albumin intravenously at the initiation of each dialysis. These two solutions were alter-
nated for up to six sessions. Patients'vital signs and ultrafiltration removal rate were recorded every 15 to 30 min dur-
ing dialysis. IDH was assessed by different definitions reported in the literature. All symptoms associated with a noted
hypotensive event as well as interventions during the dialysis were recorded.

Results: Sixty-five patients were submitted to 249 sessions; the mean age was 58 (£12), and 46 (70%) were male
with a mean weight of 76 (= 18) kg. The presence of IDH was lower during albumin sessions based on all definitions.
The hypotension risk was significantly decreased based on the Kidney Disease Outcomes Quality Initiative definition;
(15% with NS vs. 7% with albumin, p=0.002). The lowest intradialytic SBP was significantly worse in patients who
received 0.9% sodium chloride than albumin (NS 83 vs. albumin 90 mmHg, p=0.035). Overall ultrafiltration rate was
significantly higher in the albumin therapies [NS — 8.25 ml/kg/h (— 11.18 5.80) vs. 8.27 ml/kg/h (— 12.22 to 5.53) with
albumin, p=0.011].

Conclusion: In hypoalbuminemic patients who need HD, albumin administration before the dialysis results in fewer
episodes of hypotension and improves fluid removal. Albumin infusion may be of benefit to improve the safety of HD
and achievement of fluid balance in these high-risk patients.

ClinicalTrials.gov Identifier: NCT04522635

L Keywords: Intradialytic hypotension, Dialysis, Albumin, Acute kidney injury, Chronic dialysis

Introduction
Despite the use of diuretics, fluid overload (>10% change
in body weight from admission) is commonly encoun-
tered in hospitalized patients [1]. The amount and dura-
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fluid accumulation and early mobilization of fluid are
now the main therapeutic goals for these patients and
often portend a need for dialysis initiation. Unfortunately,
fluid mobilization and removal with intermittent hemo-
dialysis (IHD) are often difficult, particularly in patients
with severe AKI/ESKD and multi-organ failure due to
intradialytic development hypotension (IDH). IDH com-
plicates 17-70% of acute hemodialysis (HD) sessions in
the ICU [7-11] and in as much as 50% in the inpatient
setting [12]. It decreases renal replacement therapy’s effi-
cacy, delays function recovery, and organ failure reversal
[13, 14].

During ultrafiltration, the plasma refilling rate is
dependent on colloid osmotic pressure. Consequently,
volume expanders, including mannitol, albumin, hyper-
tonic, and 0.9% sodium chloride, dextran, and hydroxy-
ethyl starch have been used to manage IDH in chronic
outpatient HD with the varying results. In hypoalbu-
minemic patients, albumin’s infusion would be expected
to increase colloid osmotic pressure and thus enhance
plasma refilling to improve fluid mobilization and reduce
IDH. This study evaluated the efficacy of albumin infu-
sion in preventing intradialytic hypotension during HD
in hospitalized patients. We hypothesized that the con-
current use of intravenous albumin during dialysis would
result in higher quantities of fluid removal per unit time
and be associated with a reduced incidence of IDH.

Methods

In this prospective randomized controlled trial, we
enrolled hospitalized adult patients (> 18 years) with AKI,
AKI on CKD, and ESKD who required fluid removal with
dialysis and had a serum albumin level <3 g/dl at the ini-
tiation of dialysis. Patients with a renal transplant and
those not expected to be on dialysis for less than 24 h.
were excluded. The study was a crossover design where
standard care dialysis was supplemented with the addi-
tion of a single dose of 25 g albumin (100 ml of Grifols
25%) or 100 ml of 0.9% sodium chloride (normal saline
(NS)) given intravenously at the start of IHD. Patients
were randomized to start dialysis with albumin or 0.9%
sodium chloride and subsequently alternated with the
other solution for a maximum of six sessions for each
patient. Vital signs and ultrafiltration removal rate were
recorded every 15 to 30 min during dialysis. The dialy-
sis nurse recorded in a standardized case report form all
symptoms associated with hypotension as well as inter-
ventions during the dialysis. We utilized seven different
classifications to determine hypotensive episodes based
on the published literature. Hypotension was defined
based on the lowest systolic blood pressure, changes
in systolic blood pressure, symptoms, and need for
intervention during each dialysis session to determine
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whether the subject experienced any hypotensive epi-
sodes during the dialysis session.

Dialysis procedures

Standard IHD was prescribed according to the prevailing
standard of care according to the nephrology attending
physician, except for albumin or 0.9% sodium chloride
infusion before the initiation of the procedure. Dialysis
prescriptions were individualized for each patient (blood
and dialysate flow rates, dialysate composition) to achieve
a minimum urea reduction ratio of 65% and achieve tar-
get dry weights. The attending nephrologist determined
ultrafiltration (UF) rates per hour to achieve the desired
fluid balance for each session. Standard unit protocols
were followed for managing symptoms and hypoten-
sion in each session. These were individualized for each
patient, depending on the severity and frequency of the
event, including pausing the ultrafiltration, placing the
patient in Trendelenburg position, giving 0.9% sodium
chloride boluses, and adjusting the dialysate temperature
to 35C a to reverse the episode of IDH. The nursing staff
was directed to notify the attending nephrologists if these
measures failed to correct the IDH episode and if treat-
ment time had to be shortened.

Outcomes

The study had two a priori co-primary outcomes of effi-
cacy and safety. The efficacy outcome was the delivered
fluid removal expressed as ml/kg/hour. The safety out-
come included the number and duration of cardiovascu-
lar complications, including hypotensive episodes with
or without symptoms, symptoms alone without hypoten-
sion (nausea, headache, vomiting, altered sensorium, and
fatigue), and arrhythmias. Secondary outcomes included
urea reduction ratios and Kt/V per session, ultrafiltra-
tion rates to achieve target fluid removal in each session
expressed as ml/kg/h. and volume of 0.9% sodium chlo-
ride administered during therapy.

Statistical analysis

Continuous variables and categorical variables were
reported as mean (SD) and count (percentage). General-
ized estimating equations (GEE) were used to compare
albumin and 0.9% sodium chloride on IHD parameters.
We compared the presence of hypotension based on
various definitions in Table 3. We used the presence of
symptomatic hypotension recorded by nurses as our gold
standard for hypotension. Urea reduction ratios (URR)
value was calculated based on pre- and post-blood urea
nitrogen value. Kt/V values were recorded from the dialy-
sis machine. GEE was used to compare the effect of the
solution on URR and Kt/V. For all of the analyses, an
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276 screened patients

Exclusion criteria:
L5 - kidney transplant

10 - expect to dialyze for < 24 hours
during admission

fl —allergic to albumin

220 eligible patients

No consent: 149

71 enrolled patients

5 patient were not dialyzed

65 patients included in the analysis

Fig. 1 Consort diagram
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exchangeable working correlation was used for the gen-
eralized estimating equation.

Results

In total, 276 patients were screened, and 71 were enrolled;
six enrolled patients were not dialyzed (Fig. 1). Of the 65
patients enrolled in the study that received treatment,
47 (72%) were AKI patients. The baseline demographic
characteristics of the participants are shown in Table 1.
All patients had an albumin level <3 g/dl at the time of
their first dialysis session. A total of 249 sessions from
65 patients were recorded, 51 (78%) patients completed
at least one session each with albumin and 0.9% sodium
chloride, and 24 (36%) completed six sessions (three
albumin and three 0.9% sodium chloride). Mean systolic
blood pressure (SBP) and diastolic (DBP) at dialysis ini-
tiation were 126 (£25) and 67.38 (£17), respectively.
We first examined the effect of albumin infusion on the
efficacy of HD sessions for fluid and solute removal

Table 1 Patient demographics, location, and number of sessions on AKI and ESKD patients

AKI ESKD Overall
n=>55 n=10 n=65
Gender
Female 15 (27.3%) 4 (40.0%) 19 (29.2%)
Male 40 (72.7%) 6 (60.0%) 46 (70.8%)
Age n=55 n=10 n=65
5842 (12.71) 5630 (8.51) 58.09(12.13)
Weight n=>55 n=10 n=65
75.89 (17.44) 81.60 (24.37) 76.77 (18.56)
Height n=45 n=10 n=>55
171.52 (11.04) 168.90 (9.84) 171.05 (10.79)
Race n=>55 n=10 n=65
African 4(7.3%) 1(10.0%) 5(7.7%)
Asian 3(5.5%) 0(0.0%) 3 (4.6%)
Caucasian 18 (32.7%) 5 (50.0%) 23 (35.4%)
Hispanic 22 (40.0%) 2 (20.0%) 24 (36.9%)
Number of sessions completed
1 12 (21.8%) 2 (20.0%) 14 (21.5%)
2 8 (14.5%) 0(0.0%) 8(12.3%)
3 7 (12.7%) 2 (20.0%) 9 (13.8%)
4 4 (7.3%) 0(0.0%) 4 (6.2%)
5 4(7.3%) 2 (20.0%) 6(9.2%)
6 20 (36.4%) 4 (40.0%) 24 (36.9%)
Hemodialysis location
Floor n=206 n=43 n=249
177 (85.9%) 38 (88.4%) 215 (86.3%)
ICU 29 (14.1%) 5(11.6%) 34 (13.7%)
Serum albumin at dialysis initiation n=75 n=23 n=98
2.68(0.35) 2.72(0.30) 269 (0.34)

AKl acute kidney injury, ESKD end stage kidney disease, ICU intensive care unit
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There was no difference in the prescribed or delivered
time in sessions with albumin and 0.9% sodium chloride
(Table 2). Although overall fluid removed per session was
not different in the 0.9% saline and albumin sessions, the
ultrafiltration rate (ml/kg/h) was significantly higher in
albumin sessions [p=0.011 (Table 2)]. The urea reduc-
tion rate was similar in NS and albumin sessions; NS
69.23+£8.36 vs. albumin 69.60£8.58; p=0.67. Dialysis
dose based on Kt/V was also not different [NS 1.26 (0.34)
vs. albumin 1.2940.38; p=0.063].

We next evaluated the effect of albumin infusions on
the development of IDH. The presence of a hypotensive
episode during a session of HD varied from 12 (4.9%) to
111 (44.6%) according to the definition of IDH applied
(Table 3). There was varying recognition by the dialysis
nurse of hypotensive episodes and subsequent interven-
tions. The Nadir<100, Fall 20, and Fall 30 definitions
based on changes in SBP were recorded 64%, 25%, and
24% of the time by the nurse, and intervention occurred
in 32%, 17%, and 14%. Of the Nadir 90 sessions with an
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absolute intradialytic nadir of SBP <90 mmHg, 23 (43%)
were not followed by any intervention. Symptomatic
hypotension, the KDOQI definition, was infrequently
encountered and was intervened on 64% and recorded
almost always when occurred, in 92% of the cases.
Infusion of albumin at initiation of therapy was sig-
nificantly associated with less hypotensive episodes
defined by SBP decline of 20 mmHg (p=0.026),
30 mmHg (p=0.041), the composite definition of
decline of 20 mmHg in SBP and minimal SBP of
90 mmHg (p=0.016), and based on KDOQI defini-
tion (p=0.002). The mean time to the first hypoten-
sive episode was 57 min. The lowest systolic blood
pressure was significantly lower in 0.9% sodium chlo-
ride sessions; NS 83 vs. albumin 90 mmHg, p <0.035.
Most episodes were not severe enough to require dis-
continuation of ultrafiltration; however, UF was more
frequently discontinued during NS sessions v. albumin.
The total duration for which UF was on hold during
HD was significantly higher in NS sessions v. albumin

Table 2 Prescribed and delivered fluid removal parameters in 0.9% sodium chloride and albumin sessions

Overall Normal saline Albumin p?

Prescribed time (h) 3.50 (3.50-3.50) 3.50 (3.50-3.50) 3.50 (3.50-3.50) 0272
Delivered time (h) 3.50 (3.50-3.50) 3.50 (3.50-3.50) 3.50 (3.50-3.50) 0.692
Total prescribed UF (ml) — 2000 (—2500-1500) — 2000 (— 2500-1500) — 2000(— 2500-1500) 0.105
Total delivered UF (ml) — 2500 (—3000-1700) — 2500 (—3000-1700) — 2500 (—3100-1675) 0.156
Delta weight kg (start-stop) 2.00 (1.00-2.50) 2.00(1.00-2.43) 2.00 (1.00-2.50) 0.222
Prescribed removal rate (ml/kg/h) —7.24(—=9.13-5.19) —7.24 (—9.00-5.18) 3(—9.28-5.24) 0.1
Delivered removal rate (ml/kg/h) —8.26(—11.32-5.65) —8.25(—11.18-5.80) —827(—12.22-553) 0011
Data are median (IQR)
2 Generalized estimating equations was used to analyze the effect of albumin on hypotension outcome
UF ultrafiltration
Table 3 Intradialytic hypotension definition and frequency
Term Definition Overall NS Albumin p
Nadir90 Min IHD SBP <90 mmHg 53(21.3%) 31 (24.8%) (177%) 0.093
Nadir100 Min IHD SBP < 100 mmHg 1 (44.6%) 56 (44.8%) 5 (44.4%) 0.926
Fall20 Pre-HD SBP-min IHD > 20 03 (41.9%) 59 (48.0%) (35 8%) 0.026
Fall30 Pre-HD SBP-min IHD > 30 69 (28.0%) 40 (32.5%) 9 (23.6%) 0.041
Fall20Nadir90 Pre-HD SBP-min IHD > 20 and min IHD SBP <90 8(7.3%) 14 (11.4%) 4(3 3%) 0.016
Fall30Nadir90 Pre-HD SBP-min IHD > 30 and min IHD SBP <90 2 (4.9%) 9 (7.3%) 3 (2.4%) 0.099
KDOQI Pre-HD SBP-min IHD > 20 and symptoms of cramp- 28 (11.4%) 19 (15.4%) 9 (7.3%) 0.002

ing, headache, light-headedness, vomiting, or chest

pain during HD
HEMO Fall in SBP resulting in intervention of UF reduction, 42 (16.9%) 26 (20.8%) 6 (12.9%) 0.072

blood flow reduction, or 0.9% sodium chloride

administration
Hypotension episodes Episodes of hypotension recorded by the nurse 81 (32.5%) 42 (33.6%) 39 (31.5%) 0.718

Numbers as frequency and percentage

IHD intradialytic hypotension, SBP systolic blood pressure, UF ultrafiltration, KDOQI Kidney Disease Outcomes Quality Initiative, HEMO Hemodialysis Study
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Table 4 Hypotension-related parameters among sessions with at least one episode of hypotension recorded by the nurse

Overall Albumin Normal saline Pvalue
Initial SBP (mmHg) 107 (21) 105 (18) 109 (23) 0.789
Lowest SBP (mmHg) 87 (14) 90 (15) 83(12) 0.035
Time to first episode (min) 57 (65) 53 (65.44) 61 (66) 0.341
Number of episodes with need for discontinuing UF during the session
0 47 (58.0%) 27 (69.2%) 20 (47.6%) <0.001
1 30 (37.0%) 12 (30.8%) 18 (42.9%)
2 2 (2.5%) 0 (0.0%) 2 (4.8%)
3 2 (2.5%) 0 (0.0%) 2 (4.8%)
Total time with UF discontinued during session (ml) 28 (50) 20 (47) 35(52) 0.018
Total NS infused during session (ml) N=22 N=9 N=13 1.00
177 (75) 166 (86) 184 (68)

Data are n (%), or mean (SD)

SBP systolic blood pressure, UF ultrafiltration, NS: normal saline (0.9% sodium chloride). p values are based on GEE analysis

Hypotension Episodes

based on Fall20Nadir90 3%

11%
P=0.016

3%

Episodes of Hypotension with
Ultrafiltration discontinuation
P=0.001

31%

5% 5%
0% 0%

Total time with UF discontinued
during session (min)

35| P=0.018*

20

1 episode

Total volume NS infused during session (ml)

Fig. 2 Frequency of complication associated with intradialytic hypotension in albumin and 0.9% sodium chloride sessions. Data are n (%), or mean
(SD). SBP systolic blood pressure, UF ultrafiltration, NS normal saline (0.9% sodium chloride). p values are based on GEE analysis

2 episodes 3 episodes

184 P=0.1
I _ 166

(Table 4 or Fig. 2). When 0.9% sodium chloride infu-
sion was necessary to reverse hypotension, the mean
volume administered was 177 ml, with no difference
between volume given during albumin or 0.9% sodium
chloride sessions (Table 4). Total UF and removal rates
were higher in patients without hypotension (Table 5).

Discussion

Dialysis is often utilized in hospitalized patients to
remove fluids and restore homeostasis; however, fluid
mobilization is often limited by the development of
IDH. While interventions to prevent IDH have been
extensively studied in chronic HD, few studies have
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Table 5 Prescribed and delivered ultrafiltration volumes and rates in sessions with and without hypotension detected

by nurse
Overall With hypotension No hypotension p value?
N=241 N=381 N=162
Total prescribed UF (ml) —2004 (728) — 1805 (680) —2102 (732) 0.051
Total delivered UF (ml) — 2365 (971) — 1947 (844) — 2566 (966) <0.001
Prescribed removal rate —7423.17) —6.65 (3.07) —7.81(3.15) 0.224
Delivered removal rate ml/kg/h —8.85 (4.43) —733(392) —9.62 (4.49) 0.008

Data are mean (SD)
UF ultrafiltration

2 Generalized estimating equations was used to analyze the effect of albumin on hypotension outcome

evaluated the role of albumin infusions in reducing
IDH in hospitalized patients requiring acute HD [15].
In our study, the patient population consisted of hos-
pitalized hypoalbuminemic patients, mostly with AKI.
We found that albumin infusions reduced IDH events
across multiple definitions. Based on the Fall20Nadir90
definition, a patient receiving albumin at the begin-
ning of the dialysis session is 74.2% less likely to expe-
rience a hypotensive event. Additionally, in albumin
sessions, UF was discontinued less frequently, less NS
was required to restore SBP, and UF’s time was almost
half of the NS sessions. The reduction in IDH episodes
was accompanied by increased fluid removal rates to
achieve the target weight.

Our findings support a potential mechanistic role
for albumin infusions in optimizing dialysis in hypoal-
buminemic patients; during ultrafiltration therapy,
plasma volume decreases, and oncotic pressure rises
[16]. Plasma refilling, which is the shift of fluid from the
interstitial and intracellular compartments to the intra-
vascular compartment, is favored by the resulting rise
in oncotic pressure. When the ultrafiltration rate sur-
passes the refilling rate, reduction in pre-load induces a
fall in stroke volume that predisposes to hemodynamic
instability [17-22]. In this situation, albumin infusions
could potentially improve plasma refilling rates and
mitigate hemodynamic changes. A previous protocol
in patients at inpatient dialysis units and ICU settings
using NS, mannitol, and albumin were compared in a
stepwise approach for intradialytic hypotension treat-
ment [23]. However, with this protocol, albumin was
administered in only 6% of the 2559 HD treatments as
most hypotensive episodes were reversed with NS. The
protocol was designed to evaluate cases of established
IDH, and the final ultrafiltration volume delivered was
not an outcome. A small randomized clinical trial of
eight patients Jardin et al. [24] showed that albumin
infusions given at the start of dialysis resulted in greater
ultrafiltration and hemodynamic stability for patients

with sepsis-induced acute renal failure. A systematic
review on IV albumin for IDH in chronic HD patients
yielded a single study that compared the treatment of
hypotension with 0.9% sodium chloride vs. 5% albu-
min [25, 26]. It is important to mention that the studies
mentioned above did not evaluate hypoalbuminemic
patients separately with mean albumin levels of 3.8 g/
dL. Thus, with different study designs and protocols
it not possible to compare the results. In addition, by
including chronic non-hypoalbuminemic, ESKD, and
AKI patients, we are evaluating different hypotension
pathogenesis of IDH that include a multitude of factors
related to patient comorbidities, underlying severity of
illness, the dialysis prescription and the process of care
that need to be considered.

Our study provides insights to inform clinical appli-
cation of albumin infusions for hospitalized hypoalbu-
minemic dialysis patients. We included patients with
AKI and ESKD in the ICU and ward, illustrating the
natural course of patients who may be treated with con-
tinuous renal replacement therapy in the ICU and when
stable transitioned to IHD in the ward. The results were
similar in both settings. We found a varying frequency
of IDH, ranging from 4.9 to 44% of the dialysis ses-
sions depending on the definition applied and variation
recognition of hypotension and interventions applied
to correct it. Recently, a large epidemiologic study, in
patients with ESKD undergoing outpatient dialysis, has
shown that an absolute nadir of SBP <90 mmHg was
the most potently associated with mortality [27]. In our
study, we found that of the sessions with an absolute
intradialytic nadir of SBP<90 mmHg, 30 (56%) were
not followed by any intervention. The lack of recogni-
tion and interventions for IDH represent knowledge or
practice gaps and highlight the need for education and
standardized definitions to measure interventions’ real
impact. The effect of IDH on reducing fluid removal
rates and ultrafiltration volume without affecting sol-
ute removal provides further support for the need to
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optimize intradialytic fluid management within the
limited time available for IHD.

Our study is limited to being a single-center study and
a crossover design with albumin levels measured only at
the initial dialysis session. We did not blind the partici-
pating nurses to the solution used as we were limited in
the preparation of a 0.9% saline solution with the same
color and consistency of the albumin solution. How-
ever, all the solutions were prepared and dispensed for
each session by our investigational pharmacy based on
the randomization sequence they managed. Our results
could be influenced by changes in albumin levels during
the hospitalization course and subsequent dialysis ses-
sions following the albumin replacement. As this was a
crossover trial and the dialysis prescription for each ses-
sion and the frequency of dialysis procedures was left to
the prescribing nephrologist, we could not evaluate the
effect of albumin infusions on cumulative fluid balance.
However, our data support further evaluations proposed
for a new study evaluating albumin infusions for slow
low-efficiency dialysis [28].

In summary, we provide a pragmatic approach for
reducing the inherent risk for IDH with albumin infu-
sions administered at the start of dialysis without any
changes in the dialysis prescription. In comparison with
previously published studies, we show that fluid removal
can be enhanced and efficacy parameters met with albu-
min infusions. These procedures are simple to apply and
are applicable for general adaptation.

Conclusion

In this relatively small study, including hypoalbumine-
mic patients who need IHD, administration of albumin
before dialysis results in fewer hypotension episodes and
improves fluid removal rates. Albumin infusions may
be of benefit to improve the safety and efficacy of HD in
these high-risk patients.
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