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This paper provides a brief history of the development and early clinical use of albumin 
to offer background and context for current ongoing debate concerning appropriate 
albumin indications. When the United States military began mobilizing resources in 
anticipation of entering World War II, albumin was thought to be a good choice for 
subsequent investigation as a blood substitute since it was known at the time to be 
responsible for approximately 80 to 85% of the oncotic pressure of blood despite 
constituting only 65% of plasma proteins. The protein chemist Edwin Cohn led the effort 
to fractionate and develop an albumin product appropriate for storage and 
administration by the military. A large number of investigations associated with albumin 
development resulted in multiple subsequent publications near the end of the war effort. 
The next major event in the history of albumin is a workshop convened because of 
concerns related to the increasing use and cost of albumin. The publication of the 
findings of the workshop led to the first guideline pertaining to the clinical use of 
albumin, which set the stage for future randomized trials, meta-analyses, and clinical 
practice guidelines. 

INTRODUCTION 

By the late 1800s there were investigations of salt solution 
transport across blood vessels when the British physiologist 
Ernest Starling described his experiments of the effects of 
serum “proteids” (i.e., proteins) on “osmotic” (i.e., oncotic 
pressure) fluid movement across a semipermeable mem
brane.1 Starling discussed the oncotic and hydrostatic 
forces within the intravascular and extravascular spaces 
that formed the basis of the original Starling equation de
scribing fluid movement across capillary walls. In 1918, the 
physiologist Frank Mann described his experiments on how 
the impairment of circulatory control of blood volume dur
ing surgical shock could be effectively restored by colloids 
to a much greater degree than physiological sodium chlo
ride solutions but none were as effective as whole blood or 
serum.2 However, investigations specific to the colloid al
bumin did not occur until albumin was isolated from blood 
by fractionation during World War II. The purpose of this 
paper is to provide a brief history of the development and 
early clinical use of albumin to offer background and con
text for current ongoing debate concerning appropriate al
bumin indications. In particular, this review will demon
strate how the broad indications for albumin in prescribing 
information were based on small observational trials con
ducted in the first couple of decades following its fraction
ation. Additionally, this review will show how these broad 
indications led to widespread albumin prescribing and pe
riodic shortages over time despite clinical practice guide
lines. The narrative will begin with the fractionation of al
bumin in the early 1940s and conclude with a description of 
the first guidelines for clinical use of albumin published in 

1977 followed by a discussion of how the recommendations 
in those early guidelines compare to current guideline rec
ommendations. 

FRACTIONATION OF ALBUMIN 

By the spring of 1940, the United States military began mo
bilizing resources in anticipation of entering World War II. 
What followed was a close relationship by the military, edu
cational institutions (particularly Harvard Medical School), 
and industry to develop a substitute for human plasma 
given the challenges of distributing and storing blood and 
plasma in combat settings.3 Albumin was thought to be a 
good choice for subsequent investigation as a blood sub
stitute since it was known at the time to be responsible 
for approximately 80% of the oncotic pressure of blood de
spite constituting only 65% of plasma proteins. Bovine al
bumin was the initial focus of plasma fractionation and ini
tial clinical studies although fatal cases of serum sickness 
as well as fractionation of human albumin by Dr. Edwin 
Cohn of Harvard Medical School led to discontinuation of 
further investigations of its use. 
Dr. Edwin Cohn was a protein chemist who had been 

working on a process that separated different proteins from 
plasma, led the blood substitute efforts involving human 
albumin. A colleague of Cohn’s, Dr. John Oncley, helped 
with refinement of the fractionation process, hence referral 
of the process as Cohn-Oncley fractionation. Cohn’s “blood 
machine” was able to separate blood into red cells, plasma, 
and the buffy coat (platelets and white blood cells) with 
subsequent isolation of the albumin from plasma. Using 
blood collected by the American Red Cross, Cohn initially 
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Table 1. Development of Albumin in the United States for World War II.            

Spring 
1940 

Mobilization of medical resources in US in anticipation of entering WW II 

May 1940 Meeting of Committee on Transfusions, Division of Medical Sciences involved discussion of a substitute, preferably 
synthetic, for human plasma 

November 
1940 

Subcommittee on Blood Substitutes brought in Dr. Edwin Cohn of Harvard Medical School for his ongoing work on 
plasma fractionation in conjunction with Dr. John Oncley 

Late 1940 Dr. Cohn develops a method for bovine albumin fractionation and clinical investigations begin 

February 
1941 

Dr. Charles Drew appointed first blood blank director of American Red Cross and implemented use of bloodmobiles 

May 1941 First use of human albumin in a 20-year-old man at Walter Reed with traumatic shock 

May 1941 Subcommittee on Blood Substitutes recommended that Cohn’s human albumin undergo confirmatory testing with 
use by services if no issues 

July 1941 Production of human albumin at Harvard was approximately 500-800 g/week 

January 
1942 

Recommendations to Army and Navy to immediately adopt human albumin for clinical use 

February 
1942 

Of 125 patients given 4247 g of human albumin, 4 had mild and 1 had moderately severe reaction 

July 1942 Fatal case of serum sickness in volunteer receiving bovine albumin 

February 
1943 

Second fatal case of unusual serum sickness in volunteer receiving bovine albumin led to termination of program 

March 
1943 

Sodium chloride content in human albumin was increased from 0.15 molar (300 mOsm/L) to 0.3 molar (600 mOsm/
L) to increase stability and decrease cloudiness especially common in hot temperatures 

Late 1943 Requisitions by military for human albumin began to decrease in conjunction with increasing availability and use of 
plasma for resuscitation purposes 

Adapted from Reference 3: AMEDD Center of History & Heritage. CHAPTER XII. The Bovine and Human Albumin Programs. https://achh.army.mil/history/book-wwii-blood-chap
ter12 (Accessed March 20, 2025). 

developed three fractionation products: One tube was 10 g 
of albumin in 11 mL water slightly discolored from globu
lins and very viscous but stable, another tube had 10 g of 
crystalline albumin, and a third tube had a 25% clear al
bumin solution. Cohn argued for the crystalline form based 
on easy storage and shipment in preference to the 25% 
solution preferred by others.3 The 25% solution was ap
proximately one-sixth the size of dried plasma with diluent 
and was amenable to rapid gravity infusion. Cohn insisted 
that the 25% human albumin product had a label stating 
to avoid administration in patients with severe dehydration 
without simultaneous administration of fluids and elec
trolytes. After initial testing in humans, albumin became 
available for clinical use by the military with the American 
Red Cross mobilizing voluntary blood donations for pro
cessing albumin and pharmaceutical companies such as Ar
mour, Lederle, and Cutter involved in large-scale produc
tion efforts. Table 1 provides an overview of the 
development of albumin for World War II.3 

ALBUMIN USE FOLLOWING WORLD WAR II 

By 1945, there was development of a so-called salt-poor 
form of albumin using 0.04 molar acetyl tryptophanate. The 
term salt poor remains in use to this day albeit with so
lutions containing varying amounts of sodium and chlo
ride usually in near normal serum ranges at least for prod
ucts available in the United States. Additionally, these early 
studies demonstrated the importance of sterilizing albumin 

solutions in the final container with heat treatment to 60o 

C for 10 hours to eliminate potential microbial pathogens. 
The end of World War II led to a reduction in the demand 

for blood leading the American Red Cross to get out of the 
blood business until 1947 when it was resumed purportedly 
to help fund raising given the success of the blood program 
during World War II with at least seven million volunteers 
participating in donation efforts.4 The availability of albu
min fractionated from the blood of these donation efforts 
set the initial stage for more widespread use. 
More than 35 articles concerning fractionation and ini

tial investigations of albumin and other fractionation prod
ucts were published prior to 1950 in a series of papers in the 
Journal of Clinical Investigation alone. For example, there 
was a series of 24 articles published from 1944 to 1945 in 
the latter journal concerning the chemical, clinical, and im
munological products of plasma fractionation. The first ar
ticle in this series was a paper by Cohn et al. describing 
studies on products of human plasma fractionation includ
ing albumin, immune globulins, hemagglutinins for blood 
typing, and thrombin, fibrinogen, and fibrin as hemosta
tic agents and tissue substitutes for grafting.5 Table 2 de
scribes conclusions of three studies involving albumin for 
disease states that were part of the 24 article series.5‑8 

In addition to the previous series, other researchers using 
blood donated by the American Red Cross published studies 
concerning the distribution and degradation of albumin in 
humans using various tracer techniques such as albumin la
beled with radioiodine.9,10 By the 1960s, assays were avail
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Table 2. Conclusions of Studies Published by 1945 of Human Albumin for Disease States.             

Reference 
6 

Chronic 
protein 
depletion 

Large amounts of albumin are required to raise serum albumin levels regardless of specific 
cause 

Reference 
6 

Nephrosis Administered albumin appears in the urine of patients with nephrosis but not those with 
normal kidney function 

Reference 
6 

Cirrhosis Repeated albumin administration increases serum albumin levels but only temporarily 

References 
7,8 

Shock Albumin is effective for shock but less likely to remain in circulation in patients with shock due 
to active bleeding or burns; need whole blood if acute anemia 

able for serum albumin that led to other studies evaluating 
the synthesis and clinical effectiveness of albumin admin
istration in patients with disease states such as cirrhosis.11 

FIRST WORKSHOP AND CLINICAL PRACTICE 
GUIDELINE INVOLVING ALBUMIN 

By the 1970s, the rapid increase in albumin usage led to 
a workshop convened under the auspices of the Division 
of Blood and Blood products of the FDA and the Division 
of Blood Diseases and Resources by NIH.12 As background 
for the workshop, a survey involving 101 hospitals (1.4% of 
those registered by the American Hospital Association) had 
been conducted, which revealed that 1 of every 250 patients 
received albumin with 18,845 units of 50 mL 25% albumin 
given to 2,889 patients and 1,650 units of 250 mL of 5% 
albumin given to 520 patients. The published proceedings 
of the workshop provide an extensive discussion with ref
erences to the accumulated research related to albumin at 
that time. The workshop proceedings served as the basis for 
a subsequent two-part paper authored by Dr. James Tullis, a 
noted hematologist who had worked with Dr. Cohn as a re
searcher in training on the fractionation process. Part 1 de
scribes albumin’s chemical and physiological nature, syn
thesis and degradation, distribution, general use patterns 
(i.e., markedly increasing use often based on limited evi
dence), production of the final product with mention of its 
high degree of safety as noted by low risk of serious adverse 
effects.13 Part 2 of the Tullis articles provides guidelines for 
clinical use of albumin.14 Of note, only one small random
ized trial involving albumin was available at the time the 
recommendations were compiled in these guidelines pub
lished in 1977.15 Table 3 provides an overview of the recom
mendations in Part 2 of the Tullis guideline. 

RECOMMENDATIONS FOR ALBUMIN IN 
CURRENT CLINICAL GUIDELINES 

Currently, there are several guidelines involving albumin 
promulgated by different specialty practice organizations 
and associations. The most notable difference between 
these guidelines and those of Tullis is the use of levels of 
evidence to formulate recommendations in current clini
cal practice guidelines. In contrast, the Tullis guideline had 
general recommendations for appropriate or occasional use 
based primarily on small observational trials and expert 

opinion. This difference in guideline formulation precludes 
meaningful comparisons between those of Tullis and cur
rent evidence-based organizational guidelines. 
The most recent guideline published in 2024 by the In

ternational Collaboration for Transfusion Medicine Guide
lines Intravenous Albumin Guideline Group contains 14 
recommendations concerning the most common uses of al
bumin involving the areas of critical care (adult, pediatric, 
and neonatal), cardiovascular surgery, kidney replacement 
therapy, and cirrhosis.16 The first important point to note 
about the 2024 guideline is that there was only 1 “strong” 
recommendation, albeit based on low certainty of evidence, 
which is that albumin is not recommended to reduce mor
tality in pediatric patients with infection and hypoperfu
sion. The remaining 13 recommendations were all “condi
tional” based on low or very low certainty of evidence. In 
10 of these 13 recommendations, albumin was not suggested 
(e.g., as first-line therapy for volume replacement or to in
crease albumin concentrations in critically ill patients, to 
remove extravascular fluid in conjunction with diuretics, to 
improve respiratory function in patients with acute respira
tory distress syndrome, to prevent or treat hypotension in 
patients undergoing renal replacement therapy, for priming 
the bypass circuit or volume replacement in patients under
going cardiovascular surgery) or not routinely suggested (to 
reduce complications in outpatients with cirrhosis and un
complicated ascites). The only recommendations suggest
ing the use of albumin were to prevent circulatory dysfunc
tion in patients with cirrhosis having at least 5 liters of fluid 
removed by large volume paracentesis and to reduce mor
tality in patients with cirrhosis and spontaneous bacterial 
peritonitis. There are ongoing challenges related to the ap
propriate use of albumin in patients with cirrhosis includ
ing how to best diagnose acute kidney injury using albumin 
infusions.17,18 

DISCUSSION 

As noted above, all but one of the randomized trials involv
ing albumin were performed following the publication of 
the Tullis guidelines in 1977. However, as with many of the 
other randomized trials conducted in early era of critical 
care the trials were often small and underpowered for clin
ically important endpoints, particularly mortality.19 There
fore, until the publication of the landmark Saline versus Al
bumin Fluid Evaluation (SAFE) trial there was a series of 
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Table 3. Summary of Appropriateness of Indications for Albumin in First Published Guideline.            

Appropriate Use Explanation 

Shock Albumin dosing should be based on patient responsiveness but in the absence of active bleeding doses should 
not exceed those estimated in normal plasma volumes; the preferred form is 5% albumin but if 25% is used it 
should be administered with crystalloid 

Burns Crystalloids should be the primary fluid in the first 24 hours with increasing amounts of 25% albumin over 
time to maintain a plasma albumin level of 2.5 +/- 0.5 g/dL or a plasma oncotic pressure of 20 mm Hg 

Adult respiratory 
distress 
syndrome 

For a post-diuretic decrease in plasma volume, 25% albumin should be given to maintain vital signs 

Cardiopulmonary 
bypass 

An albumin and crystalloid pump prime can be used to achieve a hematocrit value of 20% and a plasma 
albumin level of 2.5 g/dL with subsequent monitoring to keep a colloid oncotic pressure of 20 mm Hg 

Occasional Use Explanation 

Acute liver 
failure 

May be useful if rapid loss of liver function 

Red blood cell 
suspension 
media 

May be useful for exchange transfusion or use of very large volumes of red blood cells to avoid excessive 
hypoproteinemia using doses of albumin up to 12.5 g/250 mL unit of red blood cells 

Ascites Albumin or crystalloid may be useful with removal of more than 1500 mL of ascitic fluid using the same 
dosing as for shock; serous effusions due to peritonitis may necessitate albumin administration for 
hypoalbuminemia 

After surgery May be needed for hypoproteinemia after surgery 

Acute nephrosis Patients not responding to traditional therapy may respond to a loop diuretic with 100 mL of 25% albumin 
repeated daily for 7 to 10 days to try to limit edema 

Renal dialysis May be useful in post-dialysis patients with severe anemia who are prone to hypotension and shock using the 
dosing for shock 

Uses requiring 
additional data 

Explanation 

Detoxification Albumin best for binding hydrophobic drugs that possess a ring structure with at least 80% binding in normal 
concentrations; only established use as binding agent is severe jaundice in hemolytic disease of newborn 

Unjustified use Explanation 

Undernutrition Breakdown of albumin is too slow and its content of essential amino acids especially tryptophan is poor 

Chronic 
nephrosis 

Albumin has no value long-term regardless of hypoalbuminemia 

Chronic cirrhosis Albumin has no demonstrable value 

Adapted from Reference 14: Tullis JL. Albumin. 2. Guidelines for clinical use. JAMA. 1977;237(5):460-3. doi: 10.1001/jama.237.5.460 

meta-analyses attempting to define appropriate uses of al
bumin.20 However, the quality of these meta-analyses is in 
large part reflective of the quality of their underlying stud
ies. 
In conclusion, the published studies immediately follow

ing the fractionation of albumin for World War II and up to 
the first set of clinical practice guidelines provide an his
torical perspective for future studies and proposed clinical 
uses of albumin. With a few notable exceptions related to 
patients with liver disease, routine administration of albu
min lacks justification as a first-line therapy for most areas 
of common use. 
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