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Abstract

Purpose

Albumin has been shown to be safe and effective in clinical practice for a wide variety of indi-
cations. The purpose of this medication use evaluation is to quantify the use of albumin in
the community hospital setting based on indication and prescribing department.

Methods

This study is a retrospective, single-center, chart review over a 6-month period of 186
patients aged 18 and older who were treated with IV human albumin 5% or 25% at a single
202-bed community hospital setting from February 1, 2020, to August 1, 2020. A chart
review was completed for each patient and the data collected included date of albumin
administration, the ordering provider, the specialty of the provider, the indication for albumin
as stated in the order, patient notes, crystalloid therapy use prior to albumin, albumin
strength, the presence of acute or chronic renal, hepatic or respiratory disorders, and lab
values denoting renal and hepatic function. Appropriate albumin use was determined utiliz-
ing criteria which included FDA labeled indications, the Surviving Sepsis Campaign, and
existing literature.

Results

A total of 186 patients received albumin 5% or 25% IV solution at least once during the study
period. The study population was 52.2% female, and the average age was 68 years. Of the
patients selected for the study, 23 (11.6%) had chronic hepatic disease, and 37 (18.7%) had
chronic renal disease. The top indications for which albumin was administered were sepsis
or septic shock (25.3%), hypotension or hypovolemia (19.4%), intra-dialytic hypotension
(13.4%), fluid support in surgery (10.8%), and nephrosis or nephropathy (10.8%). The
departments with highest albumin use during this study period were critical care (41%),
nephrology (28%), and surgery (17%). Overall, albumin was used for an appropriate indica-
tion in 126 out of 186 patients (67.7%).
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Conclusion

We found that albumin was most utilized for sepsis and septic shock, hypovolemia and
hypotension, and intradialytic hypotension in our community hospital setting and it was most
frequently ordered by critical care, nephrology, and surgical departments. Further research
could determine if this trend is seen in other community hospital settings.

Introduction

Albumin has been used clinically for multiple indications, including fluid resuscitation and
support in pulmonary, renal and hepatic conditions [1,2]. It is associated with higher cost of
therapy compared to crystalloids, making its use somewhat controversial there is no compara-
ble benefit of using albumin over crystalloids [3]. The Saline versus Albumin Fluid Evaluation
(SAFE) trail in 2004 showed that 4% albumin was comparable to normal saline when used for
resuscitation [2,3]. In recent years, more guidelines for albumin use have been utilized in mul-
tiple healthcare systems, even though clinical benefit of using albumin is unclear [4,5].

The current FDA-labeled indications for albumin are acute respiratory distress syndrome,
cirrhotic ascites, erythrocyte resuspension, hypovolemia, neonatal hemolytic disease, and
adjunct treatment for nephrosis in combination with diuretics." Albumin is also included in
the Surviving Sepsis campaign for patients that are hypovolemic that require large volumes of
crystalloids [6,7]. There are multiple off-label uses of albumin within an acute care setting, and
variability of albumin use remains high between providers, regardless of the presence of guide-
lines for appropriate use [8].

Multiple studies have shown the cost-reduction potential of restricting albumin use, but
these were focused on the critical care setting, and there is less data for the overall albumin use
within a community hospital setting [7,9]. The purpose of this medication use evaluation is to
quantify the use of albumin in a community hospital setting. The results could be used to
describe the use of albumin by department and to provide information regarding the depart-
ments that utilize albumin the most in the current healthcare setting.

Objectives

The primary objective was to determine the prescribing practices of albumin use by indication
for a community hospital setting. The secondary objective was to determine appropriate use of
albumin based on existing literature, including the FDA labeled indications, indications from
the Surviving Sepsis Campaign and from the study conducted by Buckley et al regarding phar-
macist intervention in albumin use [1,6,9].

Materials and methods

This is a retrospective, single-center, chart review over a 6-month period from February 1,
2020, to August 1, 2020 of 186 patients who were treated with IV human albumin 5% or 25%
at a community hospital (Wellstar North Fulton Hospital) consisting of 202 patient beds, 27 of
which are adult ICU beds. At the time of this study, the hospital services included a level-2
trauma center, adult ICU, and medical and surgical floors. This study was evaluated by the
Wellstar Research Institute and determined to be waived from the institutional review board.
After collection of data from the patients’ charts, the patients’ information was anonymized
prior to evaluation of the data. Patients were included if they were aged 18 or older and
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received at least one dose of albumin during their time in the hospital. Patients were excluded
if they did not receive a dose of albumin during their hospital stay. Descriptive analysis includ-
ing frequencies and percentages of all requested variables was performed, using mean and
standard deviation, as appropriate. This was a descriptive chart review, and no statistical tests
were employed.

A medication report was generated in the electronic medical record software, Epic®), for
patients within the hospital who received IV albumin during their admission between the
dates February 1, 2020, to August 1, 2020. A chart review of the patients was then conducted in
which the indication for albumin use was determined from the order that was entered, from
the note from the provider or a note on which the ordering provider was the co-signer, and
through the medication profile review. The data collected included patient demographics
including age, gender ethnicity, and chronic hepatic or renal disease, if any. Additional data
included the date albumin was first administered, the ordering provider, the specialty of the
ordering provider, the indication or interpreted indication of albumin, crystalloid therapy
prior to the use of albumin, albumin strength, the presence of acute or chronic renal, hepatic,
or respiratory disease, as included in the previous medical history of the patient chart, and
renal and hepatic lab values (SCr, BUN, eGFR, AST, ALT, serum albumin, total bilirubin).

Appropriate indications of albumin were determined utilizing a criteria that was made
using the FDA-approved indications, the Surviving Sepsis Campaign, and the indications con-
sidered appropriate by Buckley, et al [1,6,9]. The uses of albumin that were considered appro-
priate included acute respiratory distress syndrome, cirrhotic ascites, hypovolemia, nephrosis
or nephropathy, fluid resuscitation in septic shock in combination with crystalloid therapy,
cardiovascular surgery, large volume paracentesis greater than five liters, hepatorenal syn-
drome, and therapeutic plasma exchange [1,6,9]. For indications that were outside of these cri-
teria, the use was considered inappropriate.

Results

A total of 194 patients were screened. Of these patients, 186 received albumin 5% or 25% IV solu-
tion at least once during the study period. Table 1 describes baseline characteristics of the patient
population. The study population was 52.2% female and had an average age of 68 years. One-
hundred and twenty-two patients (65.6%) identified as white or Caucasian, 30 patients (16.1%)

Table 1. Baseline characteristics.

Baseline Characteristics (n = 186)

Male,n (%) | 89 (47.8%)
Female, n (%) 97 (52.2%)

Average Age, years + SD 68 + 15

Ethnicity, n (%) e
White/Caucasian 122(656%)
African American 30(16.1%)
HispanicorLatino . U5 81%)
AN SRT%)
Other 14 (7.5%)

Chronic Hepatic Disease, n (%)
Chronic Renal Disease, n (%)

Albumin Product Used, n (%)

https://doi.org/10.1371/journal.pone.0257858.t001

23 (11.6%)
37 (18.7%)

140 (75.2%)

PLOS ONE | https://doi.org/10.1371/journal.pone.0257858 October 6, 2021

3/7


https://doi.org/10.1371/journal.pone.0257858.t001
https://doi.org/10.1371/journal.pone.0257858

PLOS ONE

Evaluation of albumin use in a community hospital setting

identified as African American, and 15 patients (8.1%) identified as Hispanic or Latino. Of the
patients selected for the study, 23 (11.6%) had chronic hepatic disease, and 37 (18.7%) had
underlying chronic renal disease. Most of the patients (75.2%) received albumin 25% solution.

The indications for albumin use with the largest number of patients over the 6-month study
period were sepsis or septic shock (25.3%), hypotension or hypovolemia (19.4%), intra-dialytic
hypotension (13.4%), fluid support in surgery (10.8%), and nephrosis or nephropathy (10.8%)
(Table 2). Other indications representing less than 5% of the albumin use included acute respi-
ratory distress syndrome (ARDS), paracentesis, hyponatremia, hypervolemia or edema, cir-
rhosis, hepatorenal syndrome, respiratory failure, and hypoalbuminemia in liver disease.

Overall, 126 out of 186 patients (67.7%) in this study were administered albumin for an
appropriate indication as defined by our criteria utilizing the FDA-labeled indications, Surviv-
ing Sepsis Campaign guidelines, and the study by Buckley and colleagues [9]. Albumin was
used appropriately in the 47 patients presenting with sepsis or septic shock, the 36 patients pre-
senting with hypotension or hypovolemia, and the 20 patients presenting with nephrosis or
nephropathy. Albumin was considered inappropriate in the setting of dialysis and fluid sup-
port in surgery. Four of the 7 patients with paracentesis were administered albumin appropri-
ately, and three were not due to volume of paracentesis being below 5 liters. Other appropriate
indications as defined by the criteria included cirrhosis, hepatorenal syndrome, hypoalbumi-
nemia in liver disease, hepatic hydrothorax, plasmapheresis, and therapeutic plasma exchange.
Other inappropriate indications for which albumin was used were hyponatremia, hypervole-
mia, and respiratory failure (Fig 1).

Most of the orders for albumin were prescribed by providers specializing in critical care,
nephrology, or surgery. Fig 2 shows the prescribing patterns of physicians in the community
hospital setting based on specialty of the prescriber. Of the patients that received albumin in
this study, 41% were given albumin as ordered by critical care, 28% of patients were adminis-
tered albumin from nephrology orders, and 17% were administered albumin from surgical
orders. Other departments that prescribed and administered albumin in this study period

Table 2. Albumin use by indication.

Indication Number of Patients Who Received One or More Doses of Albumin, n (%)
Sepsis/Septic Shock 47 (25.3%)
Hypovolemia/Hypotension 36 (19.4%)
Intra-dialytic Hypotension 25 (13.4%)
Fluid Support in Surgery 20 (10.8%)
Nephrosis/Nephropathy 20 (10.8%)
Paracentesis 7 (3.8%)
ARDS 7 (3.8%)
Hyponatremia 6 (3.2%)
Hypervolemia 4(2.2%)
Cirrhosis 3 (1.6%)
Hepatorenal Syndrome 3(1.6%)
Respiratory Failure 2 (1.1%)
Hypoalbuminemia in Liver Disease 2 (1.1%)
Hepatic Hydrothorax 1(0.5%)
Plasmapheresis 1 (0.5%)
Thoracentesis 1 (0.5%)
Therapeutic Plasma Exchange 1 (0.5%)
Total 186

https://doi.org/10.1371/journal.pone.0257858.t1002
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Fig 1. Albumin use by initial indication (February 1, 2020-August 1, 2020). AKI indicates acute kidney injury,
ARDS indicates acute respiratory distress syndrome.

https://doi.org/10.1371/journal.pone.0257858.9001

include hospital medicine, gastroenterology, cardiology, respiratory medicine, emergency
medicine, and gynecology/oncology.

Discussion

Our study showed that albumin was used for an appropriate indication in 126 out of 186
patients (67.7%). The criteria for appropriate use were created by utilizing FDA approved indi-
cations, the Surviving Sepsis Campaign and the previously completed study completed by
Buckley et al [1,6,9]. The criteria for appropriate use were intentionally made to be broad to
account for provider experience and variability. We used the study completed by Buckley,

et al, to build our criteria due to the pharmacist-led strategy that their method employed [9].
This would also help to see if criteria for appropriate use of albumin is applicable between
practice sites [9].

Albumin is considered appropriate when used in the context of sepsis and septic shock
after crystalloid therapy is given first. The evidence for albumin benefit in sepsis or septic
shock is unclear [10,11]. The study completed by Caironi et al and showed that there was no
difference in mortality for patients with septic shock between patients receiving albumin ver-
sus normal saline, but a meta-analysis by Xu et al showed a trend toward lower 90-day mortal-
ity in severe sepsis patients treated with albumin versus crystalloid therapy [10,11]. This
suggests further studies still need to be performed to establish any significant benefit of albu-
min over crystalloid therapy [10,11].

Other

Hospital Medicine

Surgery

Nephrology

Fig 2. Albumin administrations as prescribed by specialty. Other: Gastroenterology, physical medicine, cardiology,
respiratory, emergency medicine, gynecology oncology.

https://doi.org/10.1371/journal.pone.0257858.g002
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In our study, we saw more albumin use in the context of nephrology. Second to critical
care, it was the highest practice that wrote orders for albumin. While it can be used in patients
with hepatorenal syndrome to increase renal function, it can also be used in patients with
nephrosis or nephrotic syndrome may warrant future studies [12]. In one study, furosemide
with albumin produced favorable results, increasing the pharmacologic effects of furosemide,
though further studies should be performed [13].

The area in which albumin use was considered inappropriate in this study was fluid support
in the setting of non-cardiovascular surgery. The surgical procedures that utilized albumin
included genitourinary, hip, ovarian, neurologic, or trauma surgeries. According to the cur-
rent literature, the preferred solutions for fluid resuscitation in these types of surgeries are
crystalloids [9,10]. It should be noted, however, that the hospital procedure for this site permit
albumin to be used in the surgical setting if crystalloid therapy is utilized first. Further studies
could analyze albumin use in the surgical setting.

Albumin use was also considered inappropriate in the setting of intradialytic hypotension
[1,9]. Although off-label use exists for fluid support during dialysis, the criteria utilized in this
study did not include dialysis as an appropriate indication. The hospital order set, however, allows
for albumin to be utilized for patients receiving hemodialysis if they were hypotensive despite
crystalloid therapy alone, which may be a reason that use was high in the setting of hemodialysis.

The albumin use in this study is comparable to other studies of albumin use within a hospi-
tal setting. The study by Castillo, et al found that approximately 45% of albumin was prescribed
inappropriately according to their guidelines [14]. Similarly, the study conducted by Buckley
et al showed that up to 63.4% of albumin administered was considered inappropriate, although
their criteria was more stringent [9].

There is potential for pharmacist intervention in reducing inappropriate albumin use.
Tigabu, et al, performed a cost analysis of albumin in septic shock that found that albumin use
increased the cost of medication therapy without improving the 28-day mortality compared to
normal saline [15]. Additionally, Buckley, et al, found that their pharmacist-led strategy led to
a50.9% decrease of inappropriate use of albumin [9]. Future studies could include the goal of
developing criteria for appropriate albumin use within the hospital system.

One of the limitations of this study was the retrospective nature and reliance on chart
review as the primary data collection method. Another limitation is the wide variety of indica-
tions albumin, leading to some ambiguity in determining the indication for albumin, though
every effort was made to review the clinical notes, orders, and medication profile to determine
the most likely indication.

Conclusion

We found that albumin was most utilized for sepsis and septic shock, hypovolemia and hypo-
tension, and intradialytic hypotension in our community hospital setting and it was ordered
by critical care, nephrology, and surgery departments. This study represents a single commu-
nity hospital site, and further research could be conducted to determine if these trends are
seen in other community hospital settings.

Supporting information

S1 Dataset.
(XLSX)

Author Contributions

Conceptualization: Samuel M. John.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257858 October 6, 2021 6/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257858.s001
https://doi.org/10.1371/journal.pone.0257858

PLOS ONE

Evaluation of albumin use in a community hospital setting

Data curation: Timothy Coyle.

Formal analysis: Timothy Coyle.

Investigation: Timothy Coyle.

Methodology: Timothy Coyle.

Project administration: Timothy Coyle.

Resources: Samuel M. John.

Writing - original draft: Timothy Coyle.

Writing - review & editing: Samuel M. John.

References

1.
2.

10.

11.

12

13.

14.

15.

Albumin (Human) [package insert]. Paramus, NJ: Octapharma; 2006.

Vincent JL, Russell JA, Jacob M, Martin G, Guidet B, Wernerman J, et al. Albumin administration in the
acutely ill: what is new and where next? Crit Care. 2014 Jul 16; 18(4):231. https://doi.org/10.1186/
cc13991 PMID: 25042164

Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R. A comparison of albumin and saline for
fluid resuscitation in the intensive care unit. N Engl J Med 2004; 350(22): 2247—-2256. https://doi.org/10.
1056/NEJM0a040232 PMID: 15163774

Caraceni P, Tufoni M, Bonavita ME. Clinical use of albumin. Blood Transfus. 2013; 11 Suppl 4 (Suppl
4):518-s25. https://doi.org/10.2450/2013.005s PMID: 24333308

Vincent JL, DeBacker D, Wiedermann CJ. Fluid management in sepsis: The potential beneficial effects
of albumin. J Crit Care. 2016; 35:161-167. https://doi.org/10.1016/j.jcrc.2016.04.019 PMID: 27481753

Rhodes A, Evans LE, Alhazzani W, Levy M, Antonelli M, Ferrer R, et al. Surviving Sepsis Campaign:
InternationalGuidelines for Management of Sepsis and Septic Shock: 2016. Intensive Care Med. 2017;
43(3):304-377. https://doi.org/10.1007/s00134-017-4683-6 PMID: 28101605

Delaney AP, Dan A, McCaffrey J, Finfer S. The role of albumin as a resuscitation fluid for patients with
sepsis: a systematic review and meta-analysis. Crit Care Med. 2011; 39(2):386—-391. https://doi.org/10.
1097/CCM.0b013e3181ffe217 PMID: 21248514

Charles A, Purtill M, Dickinson S, Kraft M, Pleva M, Meldrum C, et al. Albumin use guidelines and out-
come in a surgical intensive care unit. Arch Surg. 2008; 143(10):935-939. https://doi.org/10.1001/
archsurg.143.10.935 PMID: 18936370

Buckley MS, Knutson KD, Agarwal SK, Lansburg JM, Wicks LM, Saggar RC, et al. Clinical Pharmacist-
Led Impact on Inappropriate Albumin Use and Costs in the Critically Ill. Ann Pharmacother. 2020 Feb;
54(2):105—112. https://doi.org/10.1177/1060028019877471 PMID: 31544470

Caironi P, Tognoni G, Masson S, Fumagalli R, Pesenti A, Romero M, et al. Albumin replacement in
patients with severe sepsis or septic shock. N Engl J Med. 2014; 370(15):1412—-1421. https://doi.org/
10.1056/NEJMoa1305727 PMID: 24635772

Xu JY, Chen QH, Xie JF, Pan C, Liu S, Huang L, et al. Comparison of the effects of albumin and crystal-
loid on mortality in adult patients with severe sepsis and septic shock: a meta-analysis of randomized
clinical trials. Crit Care. 2014; 18(6):702. Published 2014 Dec 15. https://doi.org/10.1186/s13054-014-
0702-y PMID: 25499187

Hryciw N, Joannidis M, Hiremath S, Callum J, Clark EG. Intravenous Albumin for Mitigating Hypoten-
sion and Augmenting Ultrafiltration during Kidney Replacement Therapy. Clin J Am Soc Nephrol. 2021;
16(5):820-828. https://doi.org/10.2215/CJN.09670620 PMID: 33115729

Fliser D, Zurbriiggen |, Mutschler E, Bischoff I, Nussberger J, Franek E, et al. Coadministration of albu-
min and furosemide in patients with the nephrotic syndrome. Kidney Int. 1999; 55(2):629-634. https://
doi.org/10.1046/j.1523-1755.1999.00298.x PMID: 9987087

Castillo AM, Natkowski J, Rubal-Peace G. Assessing adherence to current national guidelines for
appropriate albumin use at an academic medical center. Pharm Pract (Granada). 2018; 16(2):1190.
https://doi.org/10.18549/PharmPract.2018.02.1190 PMID: 30023030

Tigabu BM, Davari M, Kebriaeezadeh A, Mojtahedzadeh M, Sadeghi K, Najmeddin F, et al. A Cost-
effectiveness Analysis of Albumin in Septic Shock: A Patient-level Data Analysis. Clin Ther. 2019 Nov;
41(11):2297-2307.€2. https://doi.org/10.1016/j.clinthera.2019.08.023 PMID: 31668842

PLOS ONE | https://doi.org/10.1371/journal.pone.0257858 October 6, 2021 7/7


https://doi.org/10.1186/cc13991
https://doi.org/10.1186/cc13991
http://www.ncbi.nlm.nih.gov/pubmed/25042164
https://doi.org/10.1056/NEJMoa040232
https://doi.org/10.1056/NEJMoa040232
http://www.ncbi.nlm.nih.gov/pubmed/15163774
https://doi.org/10.2450/2013.005s
http://www.ncbi.nlm.nih.gov/pubmed/24333308
https://doi.org/10.1016/j.jcrc.2016.04.019
http://www.ncbi.nlm.nih.gov/pubmed/27481753
https://doi.org/10.1007/s00134-017-4683-6
http://www.ncbi.nlm.nih.gov/pubmed/28101605
https://doi.org/10.1097/CCM.0b013e3181ffe217
https://doi.org/10.1097/CCM.0b013e3181ffe217
http://www.ncbi.nlm.nih.gov/pubmed/21248514
https://doi.org/10.1001/archsurg.143.10.935
https://doi.org/10.1001/archsurg.143.10.935
http://www.ncbi.nlm.nih.gov/pubmed/18936370
https://doi.org/10.1177/1060028019877471
http://www.ncbi.nlm.nih.gov/pubmed/31544470
https://doi.org/10.1056/NEJMoa1305727
https://doi.org/10.1056/NEJMoa1305727
http://www.ncbi.nlm.nih.gov/pubmed/24635772
https://doi.org/10.1186/s13054-014-0702-y
https://doi.org/10.1186/s13054-014-0702-y
http://www.ncbi.nlm.nih.gov/pubmed/25499187
https://doi.org/10.2215/CJN.09670620
http://www.ncbi.nlm.nih.gov/pubmed/33115729
https://doi.org/10.1046/j.1523-1755.1999.00298.x
https://doi.org/10.1046/j.1523-1755.1999.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/9987087
https://doi.org/10.18549/PharmPract.2018.02.1190
http://www.ncbi.nlm.nih.gov/pubmed/30023030
https://doi.org/10.1016/j.clinthera.2019.08.023
http://www.ncbi.nlm.nih.gov/pubmed/31668842
https://doi.org/10.1371/journal.pone.0257858

