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Abstract

Purpose of Review This review summarizes the most recent literature on the association between intraoperative colloid
administration and its effect on post-operative renal function.

Recent Findings It appears albumin decreases the incidence of acute kidney injury (AKI); however, meta-analysis stud-
ies show an increased need for post-operative renal replacement therapy. There was moderate certainty that early starches
increased the need for renal replacement therapy; however, it appears newer starches have a better safety profile. Gelatins do
not appear to contribute to renal dysfunction, despite a study showing a statistically insignificant higher incidence of moderate
AKI. Studies involving dextran suggest better renal outcomes when used as a priming solution for cardiopulmonary bypass.
Summary Albumin administration remains controversial with conflicting studies. While earlier starch products have been
associated with renal dysfunction, further studies should be done on newer starches. There are limited studies for gelatins

and dextran, suggesting possible renal-sparing effects.
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Introduction

Post-operative acute kidney injury (AKI) remains a rela-
tively common perioperative complication in both cardiac
and non-cardiac surgery, which has been shown to worsen
both short- and long-term outcomes such as progression to
chronic kidney disease, cardiovascular complications, and
even mortality [1, 2ee]. A report from the joint consensus
Acute Disease Quality Initiative & Perioperative Quality
Initiative states the etiology of perioperative AKI is likely
multifactorial, such as hypovolemia, oxidative stress, inflam-
matory mediators, and nephrotoxins [1]. Of note, periopera-
tive fluid administration is an often-discussed topic among
anesthesiology, with hypovolemia-induced post-operative
AKI associated with 1-7% of new-onset AKI during the
perioperative period for non-cardiac surgery [3]. In cardiac
surgery, the incidence of post-operative AKI has been noted
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to have a prevalence as high as 30% [2, 4]. Such complica-
tions are associated with increased healthcare cost, length
of hospital stay, morbidity, and even mortality [1, 2ee].
Perioperative fluid administration usually consists of either
crystalloid, colloid, or blood products; however, there have
been many studies that have debated the effects and utility
of colloid administration as part of fluid resuscitation dur-
ing the intraoperative period. This literature review aims
to bring readers up to date with the current discussion on
intraoperative colloid administration and its effect on post-
operative renal function. Colloids have a higher molecular
weight and, therefore, have higher oncotic pressure. As a
result, colloids have been thought to retain more fluid in the
intravascular space, therefore requiring less volume admin-
istration for intravascular expansion [5]. Of the fluids, col-
loids are typically grouped into artificial, such as dextran,
starches, gelatin, and natural such as albumin (Fig. 1).

Albumin

Albumin is considered a natural colloid, as it is synthesized
in the liver and contributes to approximately 80% of plasma
oncotic pressure [6]. Aside from its contribution to plasma
oncotic pressure, it also functions to help in transporting,
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Fig. 1 Categorizing the different colloids. Asterisk (*) denotes first-/
second-generation starch. Asterisk (**) denotes third-generation
starch

distributing, and metabolizing both endogenous and exog-
enous molecules such as fatty acids, hormones, proteins, and
medication [5, 6]. Albumin is generally administered in two
formulations: 25% and 5%. Twenty-five percent albumin leads
to higher intravascular expansion compared to all other col-
loids, while 5% albumin has similar effects on intravascular
expansion as starches (but more than dextran and gelatin). The
effects of albumin administration are thought to last between
16 and 24 h [5, 6]. As a natural colloid, albumin is associated
with less undesirable effects such as anaphylactoid reactions,
coagulopathy, and pruritus when compared with synthetic col-
loids [7]. Of note, FDA-approved indications for albumin use
include hypovolemia with or without shock, volume repletion
after paracentesis, hypoalbuminemia, post-dialysis hypoten-
sion, hypovolemia due to burn injuries, hemolytic disease of
the newborn, and priming of the cardiac surgery bypass circuit
[8ee]. Non-FDA-approved use of albumin includes use during
spontaneous bacterial peritonitis, which was shown to decrease
renal impairment and improve mortality when administered
in conjunction with antibiotics compared to antibiotics alone
[8ee]. Contraindications to albumin include clinical situations
with volume overload, hypersensitivity to any components
within albumin, and usage with sterile water (as the combina-
tion of sterile water and albumin can lead to hemolysis and
AKI) [8ee]. Despite the various indications for albumin admin-
istration (particularly for hypovolemia and hypotension), it is
important to note that the cost of albumin is approximately 60
times more expensive than crystalloid, as it is about $0.50 to
$1.00 per mL compared to $0.01 to $0.10 per mL for crystal-
loids [8ee].

Artificial Colloids
Dextran

Dextrans are an artificial colloid synthesized by a bacte-
rial enzyme called dextran sucrase, which could be found
in the bacteria Leuconostoc mesenteroides [9]. It is a
highly branched polysaccharide molecule and has a greater
intravascular volume expansion compared to albumin and
starches [6]. However, despite the greater effects of intra-
vascular volume expansion, dextran solutions are associated
with acute renal failure, likely due to its accumulation in the
renal tubules. Other associated negative side effects include
more severe anaphylaxis when compared to gelatins or
starch solutions and coagulopathy due to its effect on plate-
let adhesion, fibrinolysis, and Factor VIII. Dextran solutions
are primarily excreted by the kidneys and are thought to
remain in intravascular plasma for 6 to 12 h [6, 9]. The two
most widely used dextran solutions are the 6% and 10% (also
referred to as dextran 40 and dextran 70, respectively) [9].

Gelatins

Gelatins are a collagen-based colloid made from boiling
water with animal connective tissue. Since it is rapidly
excreted by the kidneys, gelatins have a shorter peak plasma
half-life (2.5 h) and shorter duration of action when com-
pared to albumin and starch colloids [5, 6]. As gelatins are
relatively smaller molecules when compared to starches,
there is less concern for renal impairment and gelatins do
not have a threshold for upper limit of transfusions [7].
The benefits of gelatins include cost-effectiveness, ability
to transfuse large volumes, and lower likelihood of renal
injury. However, gelatins have a higher incidence of ana-
phylactoid reactions when compared to natural colloid, and
there is limited data on the effects of gelatin on coagulopa-
thy [6, 7]. There are primarily three types of gelatin colloid
solutions in use today: urea-crosslinked, oxypolygelatins,
and succinylated gelatins. In particular, urea-crosslinked
gelatins (also called polygelene) contain both calcium (6.5
mmol/L) and potassium (5.1 mmol/L) ions in its solution,
making polygelene a beneficial choice to hypocalcemic and/
or hypokalemic patients.

Starches

Hydroxyethyl starches (HES) are a glycogen-resembling
synthetic colloid which is made with amylopectin [5, 6,
10]. There are a variety of different HES preparations, dis-
tinguished by molecular weight, concentration, and molar
substitution. Each of these characteristics impacts the
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pharmacophysiology upon administration—with concen-
tration affecting the initial volume effect, molecular weight
affecting renal excretion, and molar substitution affecting
the length of intravascular effect. Starches have a similar
intravascular expansion profile as compared to albumin and
greater than gelatin; it has an approximate duration of action
of 8-12 h [6]. However, despite the cost-effectiveness of
starches when compared to albumin, there are significant
drawbacks to the first and second-generation starch colloids
including coagulopathy, accumulation of colloid in intersti-
tial tissues, and anaphylactoid reactions [6, 11, 12e]. Due to
the need to improve the safety of HES, a third-generation
HES was developed named tetrastarch. Tetrastarches are
noted to have a reduction of transfusion needs and, there-
fore, are likely not to have the same negative coagulopathic
effects when compared to the first- or second-generation
starches [12—14e]. Of note, there have also been multiple
studies on the effect of both first/second-generation and
third-generation HES and the renal system, which will be
outlined further down the review.

Natural Colloid and Renal Function

According to an observational retrospective cohort study,
approximately 15% of non-cardiac surgical cases reported
administration of iso-oncotic (5%) albumin [15]. Notably,
albumin was shown to be more effective as a bolus dose than
given in a steady-state infusion rate [16]. In the same study,
the authors demonstrated an association between albumin
use, AKI, severe AKI, pulmonary complications, and net-
positive fluid analysis. However, it is worthy to note that
the study endpoints were found to have even more signifi-
cant associations with large-volume crystalloid administra-
tion. Therefore, the study noted that the positive association
between post-operative renal complications and albumin
administration was likely due to the acuity of the cases (e.g.,
higher ASA classification, required blood transfusions, con-
tinuous vasopressor use, intraoperative hypotension) rather
than the colloid administration. In fact, further studies on
albumin administration and AKI showed a decreased inci-
dence in post-operative AKI when compared to no albumin
administration [17e] In addition, albumin is not an exog-
enous colloid and has not been found in renal tubules on
autopsy [18e].

While it appears there is limited harm in the administra-
tion of albumin, there is also limited evidence in support
of albumin administration—especially when compared to
crystalloids [19e]. When compared with crystalloid admin-
istration in cardiac surgery, one recent study showed no
significant difference in acute renal failure with albumin
administration [19]. In fact, a Cochrane review comprising
22 albumin studies appeared to suggest (with low certainty)

@ Springer

that the relative risk for requiring renal replacement therapy
was higher with albumin administration in the critically ill
patient [20ee]. Overall, it appears recent literature concludes
a neutral to possibly negative effect of albumin administra-
tion on renal function (Table 1).

Synthetic Colloids and Renal Function

Most recent studies regarding colloid administration and
renal function seem to be centered around comparing
starches and crystalloid administration. One large retrospec-
tive study comparing the incidence of AKI in cardiac sur-
gery after starch administration demonstrated no significant
difference when compared to crystalloids [21e]. However,
the same Cochrane review from 2018 noted that there was
evidence that starch administration increased the need for
blood transfusions and renal replacement therapy (with mod-
erate certainty) [20ee]. It is important to note, however, that
the Cochrane review did not separate the first/second-gener-
ation starches from third-generation starches. In particular,
there are some newer studies that suggest the third-genera-
tion starches are associated with a lower incidence of renal
replacement therapy [22e]. Additionally, third-generation
starches did not have any higher rates of AKI, worsening of
AKI or higher requirements for renal replacement therapy
when compared to albumin [21, 22e].

Unfortunately, there are very limited and conflicting
studies when it comes to the administration of gelatins and
dextrans (Table 1). From the limited studies, it appears that
the use of gelatins did not appear to have an association
with higher BUN, Cr, urine output, Na, or use of diuretics
in liver transplant patients [23¢]. Other studies also seem to
support the conclusion that the use of gelatins does not have
an association with a higher incidence of renal dysfunction
[24, 25]. However, there was one study that noted that there
was a higher incidence of moderate AKI with gelatin admin-
istration in patients receiving cardiac surgery; however, the
conclusion of that study stated that the difference was likely
insignificant [26]. Overall, it seems as though there is no
definitive consensus about both the benefits and risks of
gelatin administration.

Recent studies pertaining to dextran administration and
renal function appear to mostly be for cardiac surgery and
cardiopulmonary bypass—and largely focused on as a sec-
ondary endpoint. In a pilot study comparing a dextran-based
prime for cardiopulmonary bypass and a crystalloid-based
prime, there was found to be no significant difference in
creatinine between the two groups [27] suggesting there is
limited evidence of nephrotoxicity with dextran administra-
tion. In fact, a follow-up secondary analysis study shows
that there is less renal tubular injury when cardiopulmonary
bypass is primed with dextran rather than crystalloid [28],
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suggesting there may in fact be some renal benefit in dextran
administration. Of note, there are no recent studies studying
the association between dextran use and renal replacement
therapy [20ee].

Conclusion

The results from published studies suggested that there are
no differences on renal function between the use of albumin
and other synthetic colloids and crystalloids and the consen-
sus among the risks and benefits of colloid administration
overall is still debated. Given that albumin is anywhere from
5 to 100 times the cost of crystalloid, it is important to weigh
the financial cost against the seemingly neutral to slightly
negative benefits of administration. While there have been
numerous studies on starches and renal function that suggest
starch administration has a negative effect on renal function,
it is worthwhile to note that many of those studies did not
separate the use of first/second-generation starches from the
newer third-generation starches. Newer studies focusing on
third-generation starches seem to show similar effects on
renal function as albumin. Given the cheaper costs of tet-
rastarch when compared to albumin, it may be beneficial to
focus on a non-inferiority study comparing third-generation
starch (tetrastarch) and albumin.
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